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ABSTRACT 

In this research the behavior of reinforced concrete columns with large side openings under impact 

loads was studied. The overall cross sectional dimensions of the column specimens used in this 

research were (500*1400) mm with total height of (14000) mm. The dimensions of side openings 

were (600*2000) mm. The column was reinforced with (20) mm diameter in longitudinal direction, 

while (12) mm ties were used in the transverse direction. The effect of eccentric impact loads on the 

horizontal and vertical displacement for this column was studied.                                                                                                                               

Nonlinear finite element analysis has been carried out using ready computer finite element package 

(ANSYS) to simulate the behavior of the reinforced concrete column with large side openings. Two 

load cases were considered in this investigation (C1, C2) with three different load values for each 

case. In the first case (C1) the loads was applied to one side of the column and in the second case 

(C2) the loads was applied to both sides. An Equilateral triangular load-time function was used for 

simulation the impact load results from gantry cranes supported by the column with total time 

duration (0.1 sec). 

In order to verify the analysis method, as no experimental data exist for comparing the obtained 

results, another analysis is made for tested conventional column under impact load at mid-height and 

good agreement has been obtained. 

For the above mentioned column, the maximum displacements were (33.3, 22.2) mm in the 

horizontal and longitudinal direction respectively, location of the maximum horizontal displacement 

was at the crown of the column. By comparing the results of the first loading case with the second 

one it is shown that in the horizontal direction, maximum displacement increases by (139%), 

(208%), and (147%) respectively, also the maximum vertical displacement increases by (150%), 

(172%), and (172%) respectively.               

 

Key words: impact analysis, concrete columns, columns with side openings, eccentric loads. 
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 على فتحاث جاوبيه ومعرضت لأحمال محوريت لا مركزيت حاويتلأعمذة خرساويه مسلحت التحليل الصذمي 

 أحمذ جبار حمزة          م. د. علي احسان صلاح الذيه         د.  وزار كامل عليأ.                

 جايعت بغذاد / كهٍت انُٓذست  جايعت كشكٕك / كهٍت انُٓذست   جايعت بغذاد / كهٍت انُٓذست

                                                                     

 لخلاصتا

ت ٍعهى فخحاث جاَبٍت كبٍشة )عًٕد رٔ جضئٍٍ( ححج حأرٍش احًال صذي فً ْزا انبحذ حى دساست سهٕك عًٕد خشساًَ ٌحخٕي

بأبعاد  كبٍشة يهى ٌٔحخٕي عهى فخحاث جاَبٍت (14000يهى ٔبأسحفاع ) (1400*500) رٔ يقطعحٍذ حى اعخًاد عًٕد  لايشكضٌت,

حى ٔ. انعشضًيهى فً الاحجاِ  12ٔقطش  انشاقٕنًيهى فً الاحجاة  20حسهٍح انعًٕد بأسخخذاو حذٌذ بقطش يهى ٔحى  (600*2000)

 دساست حأرٍش حغٍش يقذاس انخحًٍم عهى الاصاحّ نٓزا انعًٕد.

( نٍحُاكً حصشف انعًٕد انًحخٕي ANSYS) حى اعخًاد انخحهٍم انلاخطً بأسخخذاو طشٌقت انعُاصش انًحذدِ ٔبالاسخعاَّ ببشَايج

انخحًٍم  حى حٍذ فً انحانت الأنى,بحانخٍٍ ٔكم حانت ححخٕي عهى رلاد قٍى يخخهفت نهحًم  الاحًالعهى فخحاث جاَبٍّ ٔحى حسهٍط 

 نخًزٍم انحًم ت انشكم يخسأٌت انساقٍٍانخحًٍم يٍ جاَبٍٍ, , ٔحى اسخخذاو دانت حًم يزهز حى نت انزاٍَّ أفً انحيٍ جاَب ٔاحذ 

 ( راٍَّ.0.1) انًسهط خلال فخشة ححًٍم حبهغ انصذيً

 كاٌ(,  ٔأٌ يٕقع اكبش اصاحّ افقٍّ Y) ًحٕسانيهى يع  (22.2) ٔ (X) ًحٕسانيهى يع  (33.3)كاَج  احّ حى انحصٕل عهٍٓااكبش اص

فً  حبٍٍ اٌ َسبّ انضٌادِيقاسَت انُخائج نحانخً انخحًٍم )انخحًٍم يٍ جاَب ٔاحذ ٔانخحًٍم يٍ انجاَبٍٍ(  عُذ قًت انعًٕد. ٔعُذ

%, 150% (عهى انخٕانً,  فً حٍٍ اٌ َسبّ انضٌادِ فً الاصاحّ انعًٕدٌّ ًْ )147% , 208%, 139الاصاحّ الافقٍّ ًْ )

 %( عهى انخٕانً .%172, 172

1. INTODUCTION 

1.1 General  

Openings and holes are used in reinforced concrete columns for providing access for services like 

plumbing, water network, electric and communication system etc. In some cases it is required to use 

very long column to carry light load like the columns of ware house. In this case using column with 

small cross sectional area leads to stability problem due to large slenderness ratio and using column 

with  large cross sectional area may become uneconomical, therefore, the designer heads towards 

using two-legs column with large horizontal opening  between two sides of the column, which 

provides both stability and economy. 

A lot of research work were studied the behavior of longitudinal hollow column like Cheng et al., 

2005, Lignola et al., 2007, and Ali Al- Ahmed,2010. Also, few researches were studied the 

behavior of column with side openings as Son et al. in 2006. 

 

1.2 Objectives of Present Study  

The objective of the present work is to investigate the deformation characteristics of the two-leg 

concrete column with large side openings subjected to eccentric impact load. The research covers 

the behavior of column under different load cases and different load values applied to an individual 

selected column.  
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2. FINITE ELEMENT MODELING 

2.1 ANSYS Model 
The ready package finite element computer program designated ANSYS version 11.0 has been used 

for modeling the reinforced concrete column. The dimensions of the modeled column was (14m) in 

height and with different cross sections along its length, Fig.1 shows overall dimensions of the 

column with location of some sections,  these cross sections are shown in Fig.2.  

2.1 Element Types  

Solid65 element type was used for modeling the concrete, while Solid45 element type was used for 

modeling steel base plates at the corbel of the column. Link8 element type was used for modeling 

steel reinforcement in all directions. 

 

2.2 Real Constants 

In the finite element simulation, the second step after choosing the elements type, is giving the value 

of real constants. For Soid65 all input data equal to zero and that physically means no smeared 

reinforcement was chosen for this simulation, where the analysis forward in the direction of discrete 

reinforcement approach, therefore, the cross sectional areas for link8 elements were (314 and 

113mm
2
) for longitudinal and transverse reinforcement respectively. 

 

2.3 Material Properties 

In this research, material nonlinearity was considered for steel and concrete. Five points stress – 

strain curve was selected for concrete with compressive strength of (25) MPa and Poisson’s ratio of 

(0.17). 

 Bilinear stress – strain hardening curve was used for steel reinforcement with yielding stress of 

(420) MPa and Poisson’s ratio of (0.3). 

 

2.4 Modeling  
The concrete column were modeled using ten distinguish volumes; these volumes are shown in 

Fig.3. 

 

2.5 Meshing  

In order to obtain accurate simulation of this column with exact location of openings, concrete 

covers and location of steel bars in both longitudinal and transverse direction, small element length 

of (40) mm was chosen for this analysis and that leads to huge numbers of nodes and elements. In 

the other hand, these numbers allow the model to capture the real behavior of the column. Total 

(116928) nodes and (108441) different elements were exist along the column. 

 

2.6 Supports 

The supports were modeled in such a way that fix reaction was created by restraining the translation 

in X, Y, and Z directions at the base of column.  

 

2.7 Loading  

Two main impact load cases was considered in this research, in the first load case, the impact load 

was applied to one side of the column (in both vertical and horizontal directions) and it's called (C1), 

and in the second load case the load was applied to both sides of column at the same time (in both 
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vertical and horizontal direction) and it's called (C2). Load cases are shown in Fig.4 and Fig. 5. 

Furthermore each case has three stages of impact loading, where the first loading stage is (30 kN 

and 15 kN) for vertical and horizontal directions respectively, second loading stage is (50 kN and 25 

kN) for vertical and horizontal directions respectively, and third loading stage is (100 kN 50 kN) for 

vertical and horizontal forces respectively. The impact load was simulated as equilateral triangular 

function with load time duration of (0.1) sec and maximum load occur at (0.05) sec. Fig.6 shows 

variation of load with time and the value of loading was chosen theoretically on the bases usual 

range of gantry-crane load carrying capacity for factories and warehouses.  

 

3.VERIFICATION EXAMPLE 

To prove that the proposed method for modeling reinforced concrete columns with side openings 

under the influence of impact loads match of the correct method, and because of the absence of the 

required information from experimental test results or other theoretical analysis procedure. For this 

reason an ordinary reinforced concrete column has been modeled using finite element method under 

the same types of loads (impact loads) and the numerical values of displacement obtained from 

analysis was compared with experimental test carried by Remennikov and Kaewuaruen (2006). 

Fig.7 presents load-deflection curve for the reinforced concrete column under transverse impact 

load. Investigation of this curve shows acceptable agreement between experimental test results and 

the proposed finite element model. 

 

4. NUMERICAL RESULTS  

The behavior of the analyzed column under impact load will be studied by investigating the 

displacements at different nodes along the column. Locations of these nodes are shown in Fig.8. 

4.1 Displacement Along the Column  

The horizontal displacement due to maximum loading at time (0.05) sec is shown in Fig. 9 and 

Fig.10 for load-cases C1 and C2 respectively. The horizontal displacement means the displacement 

along the x- axis and is called (Ux). From these figures it’s obvious that column behavior goes in 

three parts for all cases. First part starting from the base of column (N1) to the level of (N9) where 

there is increase in horizontal displacement with height. The second part covers the region between 

(N9) to (N11) where there is small increase in lateral displacement as this solid part of column 

displaces approximately as one unit. The third part of the curve covers the region between (N11) 

which represents the points of applying load to (N13) which represents top of column, where large 

horizontal displacements are noticed due to rotational effect of solid part of column under the neck. 

 By comparing the results in Fig.9 for node (N11) it is seen that the increase in the impact force 

from (15) kN to (25) kN (from C1L1 to C1L2) will cause increasing in horizontal displacement by 

(66.7%) and when the impact load increases from (15) kN to (50) kN (from C1L1 to C1L3) this will 

lead to increasing in horizontal displacement by (391%).  

When the load is applied at both sides of the column (C2) as shown in Fig.10 for node (N11) it is 

seen that the increase in the impact load from (15) kN to (25) kN (from C2L1 to C2L2) will cause 

increasing in horizontal displacement by (120%) and when the impact load increases from (15) kN 

to (50) kN (from C2L1 to C2L3) this will lead to increasing in horizontal displacement by (409%). 
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By comparing the results in Fig.9 and Fig.10 it appears that the maximum horizontal displacement 

increases by (139%), (208%), and (147%) respectively as compared with C1 and C2.  

The vertical displacements due to loading cases at time equals to (0.05) sec are shown in Fig.11 and 

Fig.12 for columns C1 and C2 respectively. The vertical displacement means the displacement is 

along y-axis and is called (Uy). From these figures it’s obvious that column behavior goes in five 

parts for all load cases. The first part starts from the base of column (N1) to the level of (N7) where 

there is gradual increase in displacement with height. The second part represents the zone from (N7) 

to (N9) where there is a sharp change in vertical displacement with increasing the height. The third 

part of the curve starts from (N9) to (N11) where this nodes represents the cross beam over two 

parts of column at level (from 9240 to 10050) mm, where the upper and lower faces of the cross 

beam move in the same pattern due to high flexural rigidity of cross-beam. The fourth part covers 

the region from N11 to N12 where there is a decrease in vertical displacement value with the 

distance towards the upper end, and this is due node N11 undergoes flexural and axial loads at the 

same time while node N12 is free from load and that leads to combined effect which controls this 

behavior. The fifth part starts from N12 to N13 where there is no change in the displacement value 

as no load applied to this part of the column.     

By comparing the results at Fig.11 for node (N11) it is seen that by increasing the impact force from 

(15) kN to (25) kN (from C1L1 to C1L2) will cause an increase in vertical displacement by (64.7%) 

and when the impact load increases from (15) kN to (50) kN (from C1L1 to C1L3) this will lead to 

an increase in the vertical displacement by (264.7%).  

When the load is applied to both sides of column (C2) as shown in Fig.12 for node (N11), it is seen 

that by increasing the impact load from (15) kN to (25) kN (from C2L1 to C2L2) will cause 

increasing in vertical displacement by (76%) and when the impact load increases from (15) kN to 

(50) kN (from C2L1 to C2L3) this will lead to an increases in the vertical displacement by (281%). 

From comparing the results in Fig.11 and Fig.12 it appears the maximum vertical displacement 

increases by (150%), (172%), and (172%) respectively as compared with C1 and C2.  

Fig.13 and Fig.14 show the values of residual horizontal displacement of columns C1 and C2 

respectively. it appears that no residual displacements (horizontal and vertical) exist for load cases 

C1L1, C1L2, C2L1, and C2L2 which means full elastic behavior is achieved for these columns, 

while only some residual horizontal displacement is noticed along column ( although it is very 

small)  for C1L3 and C2L3, which means some cracks occurs at the column. 

Two-leg concrete columns have large stiffness compared to regular normal concrete column, where 

the link member that connects the two branches reduces the unbraced length of each part of column. 

Fig.15 and Fig.16 show variation of horizontal displacement along column at the link between two 

branches of column for C1 and C2 respectively at time equals to (0.05) sec., and as comparing these 

figures it appears that the horizontal displacement of these link members shows approximately linear 

variation with the height and also with the amount of impact load. This is due to large rigidity of 

these members. In addition, the applied load is relatively small compared with the capacity of the 

structure.  

Fig.18 and Fig19 show variation of vertical displacement along column at link between two 

branches of column C1 and C2 respectively at maximum load at time equals to (0.05) sec. and by 

comparing these results, it appears that the vertical displacement of link member shows 

approximately linear variation with the height and shows the displacement decreases with increasing 

the height, from studying data, it is shows that no vertical displacement is recorded for columns 

C1L1, C1L2, C2L1, and C2L2. The reason of this behavior is due to position of link member in the 
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center of the column where one branch resists the compression forces and the other resist the tension 

forces if exist. Fig.19 shows the value of residual horizontal displacement of link between two 

branches column for C2. It appears that no residual displacement exists for load cases of columns 

C1L1, C1L2, C1L3, C2L1, and C2L2 which means full elastic behavior is achieved for these 

columns, while some residual displacement is noticed along column C2L3 (although it is very little), 

which means some cracks occur in column. 

4.1 Maximum Displacement 

From Figs.9, 10, 15, andFig.16 it appears that the maximum horizontal displacement occurs at the 

crown of column (N13) and this part of the structure is the most critical in this type of column 

because the section returns to normal shape ( square or rectangular shape stand alone as cantilever). 

Furthermore, this part of column usually carries the weight of the roof which consists of vertical 

load due to dead load in addition to horizontal force due to wind load. And from Figs. 11, 12, 17, 

and Fig.18 it appears that the maximum vertical displacement occurs at (N8) at level (8240 mm). 

Fig.20 and Fig.21 show maximum horizontal displacement for the columns C1 and C2 respectively. 

While Fig.22 and Fig.23 show maximum vertical displacement for the column at C1 and C2 

respectively. The horizontal displacement at the crown of the column is more than the horizontal 

displacement at location of applied load. This is because rotation of cross beam that connects two 

branches of column at level (9240 mm) which leads to additional movement at upper part of the 

column although no load was applied on it. 

4.2 Variation of Displacement with Time 

Maximum horizontal displacement of the columns C1 and C2 occurs at node (N13) while maximum 

vertical displacement occurs at node (N8). 

 Fig.24 and Fig.25 show variation of the horizontal displacement with time at (N13) for columns C1 

and C2 respectively, while Fig.26 and Fig.27 show variation of vertical displacement with time at 

(N8) for columns C1 and C2 respectively. 

Examination of Figs. 24, 25, 26 and 27 show similar behavior in general, the horizontal 

displacement is equal to zero at time zero as no load exists. Since a triangle load function is used to 

applied impact force with peak point in (0.05 sec), the horizontal displacement increases but this 

increment is smooth in columns C1L1 and C1L2 while it takes sharp shape in column C1L3 until 

reaching maximum value at (0.05 sec). After that as the load decreases until it reaches zero at (0.1 

sec) the horizontal displacement is reduced in sharp manner till it reaches zero in (0.06-0.08) sec this 

is due to large stiffness of this type of column which absorbs all impact energy.  

 Studying the data obtained from finite element analysis for this type of columns it is observed that 

no displacement is recorded in Z-direction; therefore, these values will be ignored. 

5 .CON LUSIONS 

The following conclusions are drawn from the evaluation of analysis of the concrete columns with 

side openings model under the effect of the impact of regular gantry cranes loads: 

1. Horizontal displacement increases with the height of the column in approximately linear pattern 

up to the position of major cross beam for all loading values.   

2. Under large impact load (C1L3 and C2L3), the upper part of the column shows excessive 

horizontal movement, so these parts require special consideration in design in order to carry 

additional moment resulting from load eccentricity. 
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3. Investigation of the load-horizontal displacement curves shows proportional relationship between 

applied loading and resulting displacements. 

4. After removing the loading, no effect appears for horizontal displacement for all loading values 

except (C1L3 and C2L3) which indicate concrete cracking at some regions along column height.  

5. The link members which connect the branches of the column reduce the unbraced length of each 

part and prevent buckling failure of columns. 

6. After removing the loads no effect appears for the vertical displacement along Y-axis. 

7. Horizontal displacement in Z-axis equal zero for all cases of loading, as no load applied in that 

direction and volumetric changes are negligible in that direction. 

8. By comparing the results for columns C1 with C2 it appears that the maximum horizontal 

displacement increases by (139%), (208%), and (147%) respectively. 
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Figure 1. Location of sections along column. 

 

 
Figure 2. Different sections of the selected column. 
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Figure 3. Volumes created in ANSYS. 
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Figure 4. First load case (C1).              Figure 5. Second load case (C2). 
 

 

Figure 6. Variation of load with time. 
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Figure 7. Load-deflection curves for verification example. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Locations of nodes where the results are recorded. 
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Figure 9. Horizontal displacements along column C1. 

 

Figure 10. Horizontal displacements along column C2. 

 

Figure 11. Vertical displacements along column C1. 
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Figure 12. Vertical displacements along column C2. 

 

Figure 13. Residual horizontal displacements along column C1 

 

Figure 14. Residual horizontal displacements along column C2. 
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Figure 15. Horizontal displacements at the link between two branches of column C1. 

 

 Figure 16. Horizontal displacements at the link between two branches of column C2.  

 

 Figure 17. Vertical displacements at the link between two branches of column C1.  
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Figure 18 .Vertical displacements at the link between two branches of column for C2.  

 

Figure 19. Residual horizontal displacements at the link between two branches of column for C2.  

 

Figure 20. Maximum horizontal displacements at N13 for column C1. 
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Figure 21. Maximum horizontal displacements at N13 for column C2. 

 

Figure 22. Maximum vertical displacements at N8 for column C1. 

 

Figure 23. Maximum vertical displacements at N8 for column C2. 
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Figure 24. Variation of Ux with time at N13 for column C1. 

 

Figure 25. Variation of Ux with time at N13 for column C2. 

 

Figure 26. Variation of Uy with time at N8 for column C1. 
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Figure 27 Variation of Uy with time at N8 for column C2. 
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ABSTRACT 

In this study, the response and behavior of machine foundations resting on dry and saturated 

sand was investigated experimentally. A physical model was manufactured to simulate steady 

state harmonic load at different operating frequencies. The effect of relative density, depth of 

embedment, foundation area as well as the imposed harmonic load was investigated. It was 

found that the amplitude of displacement of the foundation increases with increasing the 

amplitude of dynamic force and operating frequency meanwhile it decreases with increasing the 

relative density of sand, degree of saturation, depth of embedment and contact area of footing. 

The maximum displacement was noticed at 33.34 to 41.67 Hz. The maximum displacement 

amplitude response of the foundation resting on dry sand models is more than that on the 

saturated sand by about 5.0 to 10 %. 

Keywords: displacement amplitude, settlement, steady state dynamic, absorbed boundary. 

 

ًال الاهحساز انحربة انريهية بانًاء عهى الاسحجابة انذيناييكية نلازاحة جحث جأثير اح اشباعجأثير   

 
 د. يوسى جواد انًوسويأ. 

قغم اىهىذعت اىمذوٍتا  

جامعت بغذاد-ميٍت اىهىذعت  

 عباش فاضم ابراهيى انعايريو.د. 

قغم اىهىذعت اىمذوٍتا  

جامعت بغذاد-ميٍت اىهىذعت  

 د. يحًذ يوسف فحاحأ.

اىبىاء والاوشاءاث هىذعت  

 اىجامعت اىتنىىىىجٍت

 

 انخلاصة

فً هزا اىبحث، تم عمو دساعت عميٍت لاعتجابت أعظ اىمنائه اىمعشضت ىلاهتضاصاث واىمغتىذة عيى تشبت سميٍت جافت ومشبعت 

اىىمظِ اىعمىديِ تم تصىٍع أومىرج مختبشي ىغشض إجشاء اىذساعت اىعميٍت ىتغيٍظ الأحماه اىحشمٍت راث حٍث تماماً باىماء. 

 وتم دساعت تأثٍش تغٍش اىنثافت اىىغبٍت، عمق اىطمش،  تيفت واىمغيطت عيى تشبت سميٍت.، وبعذد دوساث مخاىمتىاعقِ الإهتضاص

وُجذ ان الاصاحاث اىعمىدٌت اىحشمٍت تضداد بضٌادة رسوة اىحمو اىحشمً وعذد دوساث اىمحشك ووجذ أن تيل مغاحت الاعاط. 

الأعظ، وصٌادة مغاحت اىتلامظ بٍه الاعاط واىتشبت الإصاحاث تقو بضٌادة اىنثافت اىىغبٍت ىيتشبت اىشميٍت، وصٌادة عمق طمش 

 33.33فضلاً عه صٌادة دسجت اىتشبع. ووُجذ ان اقصى قٍمت ىلإصاحت اىشاقىىٍت تنىن عىذ اهتضاص اىمحشك بتشدد ٌتشاوح بٍه 

اىى  0.5ت ىمشبعت بىغبهٍشتض. ووُجذ أن مقذاس الإصاحت اىشاقىىٍت ىيتشبت اىجافت امبش مه الإصاحت اىشاقىىٍت ىيتشبت ا 36.12اىى 

65.5 .% 

 .اىحذود اىماصتاىذٌىامٍنٍت اىمىتظمت،  اىحاىتالاصاحت، اىهبىط،  ععتانكهًات انرئيسية: 
  

mailto:prof_mosa_2006@yahoo.com@yahoo.com
mailto:alameri.abbas@gmail.com
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1. INTRODUCTION 

Machine foundations is regarded as the most important elements of industrial structures like 

power plants, steel plants, petrochemical complexes, fertilizer plants etc., which consist of a 

number of reciprocating and centrifugal machines, these play an important part to ensure 

efficient operation of the process, and that the output of the product is of the required quality, 

Chowdhury and Dasgupta, 2010. 

The response of soil subjected to dynamic loading depends on many factors such as 

permeability, relative density, the nature of the dynamic loading, the magnitude and rate of 

strain, Daghigh, 1993. 

Kassir et al., 1989, studied the dynamic response of a circular footing experiencing oscillatory 

vertical motion on the surface of a liquid-filled, porous, elastic half-space. From their theoretical 

study, it was found that the presence of ground water in the elastic medium affects the magnitude 

and character of the influence functions over the frequency range of practical interest and should 

be included in determining the response of surface structures to dynamic loadings. 

Al-Homoud and Al-Maaitah, 1996, found that there is an increase in natural frequency and a 

reduction in amplitude with the increase in degree of saturation of sandy soil subjected to vertical 

forced vibration loading. On the other hand, for free vibration test, the results showed that for 

different footing models resting on sandy soil, there is an increase in  damping ratio with 

increasing in the degree of saturation. As well as the damping ratio of footing on saturated sand 

is higher than that on dry sand. 

Kim et al., 2001, performed an intensive study for the dynamic analysis for foundations of 

vibrating equipment. The analysis took into consideration the soil structure interaction. As 

shown in Fig. 1, it was concluded that the dynamic response of foundation with ground water 

(dash line) is higher than this without the groundwater (solid line) in the lower frequency 

domain. The amplitude of horizontal vibration is 13.3 μm calculated with groundwater and 4.5 

μm calculated without the groundwater at the operating speed of 8.45 Hz. 

Livaoglu and Dogangun, 2007, investigated the effect of saturation ratio on shear modulus and 

damping parameters of sand. It was concluded that the dynamic stiffness and damping 

characteristic were substantially independent of saturation ratio in the range of 25 to 75%. 

However, by approaching the full saturation state, the values of modulus fall sharply and 

damping of loose samples increases dramatically from corresponding values of unsaturated 

levels. 

Al-Shammary, 2013, performed numerical study to investigate the dynamic response of strip 

footing resting on saturated sandy soil. The numerical study was executed by finite element 

software, PLAXIS 2D. A parametric study was carried out to evaluate the dependency of 

machine foundation on various parameters including the amplitude of the dynamic load, the 

frequency of the dynamic load, the damping of soil mass, the thickness of the foundation, and the 

embedment of foundation. It was found that the embedment generally leads to a beneficial 

reduction in dynamic displacement response for all soil types but with different degrees 

depending on the other parameters such as soil density and damping ratio. 

 

2. RESEARCH OBJECTIVES  

The main objectives of this research are to study the effect of steady state harmonic loading 

on the response of foundation-soil system resting on sandy soil with different saturation 

conditions. The influence of footing size and depth of embedment would be elaborated in the 

present research. 
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3. RESEARCH METHODOLOGY 

The present work is aimed to study the behavior of machine foundation resting on dry and 

saturated sandy soil subjected to vibration dynamic loadings. This research is carried by 

considering two sizes of rectangular footings. The sizes was (100×200×12.5 mm) and 

(200×400×5.0 mm) for intermediate to rigid rectangular footings. The footings were placed on 

sandy soil. The boundary of the problems was achieved experimentally by using nonreflecting 

boundary materials (styropor cork). The setups of the experimental components are illustrated in 

Fig. 2. The variables that were taken into considerations are: 

a) Size of footing, 

b) The depth of embedment was studied by placing the footing at the surface and at a depth 

of 50 mm below the soil surface. 

c) The operating frequency was studied at different values starting from 500 to 3500 rpm. 

The unbalanced weight was not changed throughout the study. 

d) The soil was studied for two conditions of saturation, dry and saturated sand. 

e) The effect of relative density of the sand was studied. Foundations are rested on sand at 

loose state (Dr=30 %) and very dense state (Dr=80%). 

For all the above-mentioned parameters, the response of the soil-foundation system was 

evaluated by conducting the following measurements: 

 The force-time history of the force applied by the machine on the center of foundation 

surface. 

 The vertical displacement-time history of the footing at one point. 

 The vertical total settlement of the footing at the end of machine oscillation was 

measured at one point. 
 

4. MATERIALS USED IN THE EXPERIMENTS 

The physical properties of sand used include specific gravity, grain size distribution and the 

maximum and minimum dry unit weights of the sand. A summary of the test results with 

standard specification followed for each test is presented in Table 1. 

According to the Unified Soil Classification System (USCS), the sand is classified as (SP) and 

described as poorly graded sand. The material of footing was steel. The initial Young’s modulus 

of the steel used is 140. GPa and the secant modulus is 37.26 GPa. In addition, the unit weight of 

the steel used is about 77.6 kN/m
3
. 

 

5. TESTING PROGRAM AND EXPERIMENTAL WORKS 

In general, the testing program consists of two major parts. The first part is devoted to dry sand 

models with total number of tests of 56. The tests were performed in loose and dense soil state. 

Two footing sizes and the models were tested at the surface of the footing and at a depth of 5.0 

cm. The second part is concerned with saturated sand models with total number of 28 models. 

The same parameters were taken into consideration except that the models were prepared from 

dense sand only. The details of abbreviation for the tested samples as well as example of models 

naming are explained below. 

DL1020S: Dry Loose state sand, footing 10×20 cm, footing placed at the Surface. 

SD2040E: Saturated Dense state sand, footing 20×40 cm, footing Embedded  
 

5.1 Testing Program and Experimental Works 

A series of model loading tests were conducted inside a rigid steel box of dimensions 

(1200×1000×600 mm), made of steel plate of 5.0 mm thickness. These dimensions were chosen 

to satisfy the boundary effects of physical models subjected to dynamic loading. The overall 
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description of test components and measuring devices is shown in Fig. 2. To create a physical 

model, a small container was manufactured from steel plate. The container, which has the 

dimensions of (length 1200 mm, width 1000 mm and height 600 mm), was used to prepare the 

bed of soil. The tested soil is clean sand passing through ASTM standard sieve No. 10 (2.0 mm) 

and retained on the ASTM standard sieve No. 100 (0.150 mm) to obtain uniform sand.  

Two alloy steel model footings of size (200 × 100 × 12.5) mm and (400 × 200 × 5.0) mm were 

placed centrally over the prepared soil layer, and then a mechanical oscillator was fixed to the 

footing to act as a single unit. The size of the footing was chosen to obtain intermediate to rigid 

footing. 

 

In the present model, special boundary conditions were adopted by using cork (styropor) sheets 

of 30.0 mm thickness. The styropor cork sheets can reduce the slight friction that might be 

developed between the box faces and soil as well as it works as absorbing boundaries to prevent 

reflected waves. 

Preliminary tests were performed to check the efficiency of such materials as boundary 

absorbing purposes. This approach was achieved by measuring the dynamic response at the 

boundaries with and without absorbing layers. 

 

5.2 Sample Preparation 

Tamping and pouring procedures were used to prepare the sandy soil inside the steel box. This 

method was followed to ensure the desired relative density as well as to ensure the same method 

of sample preparation in loose and dense state. In addition to that, hygroscopic water content ( 

0.5-3.0%) was added to the sand prior to compaction and pouring to ensure small cementation of 

soil before testing. This water content is regarded as uncontrolled water content that is always 

present within the sample without oven drying. 

For the loose state sand models, the sample was prepared by pouring the soil inside the box from 

a certain height. The hygroscopic water content for loose state was about 0.5-1.0%. The suitable 

height was decided by making a relation between the height of falling and the resulting dry 

density. It was found that a 30 cm falling height gave the desired value of dry density. For the 

sake of accuracy and reducing the sources of sample disturbance, the box was divided into sub 

layers of 50.0 mm. Filling operation throughout the test was performed using galvanized metal 

hopper with height of 30 cm having a valve to control sand raining by hand. On the other hand, 

for dense state soil models, hygroscopic water content of (2.0-3.0 %) was added to the sample to 

ensure compactness and cementation of soil within the model. The box was divided into sub 

layers of about 50 mm thickness; each layer was compacted using standard hammer. 

After sample preparation commenced, the density was checked using sand balloon for field 

density test according to (ASTM D2167 08) specification. The variation of the resulting density 

was ±5 %. This variation is considered acceptable. 

For preparation of saturated models, the soil was saturated by pouring a known minimum 

quantity of water that is required for saturation. This quantity of water was calculated from the 

basic relations in soil mechanics. For achieving permanent saturation of sand, additional water 

was added to the sample prior to test. Care was taken to ensure that no water could be draining 

out from the steel box. 

 

5.3 Description of the Vibratory Machine 

The model machine of the mechanical oscillator used in this study is shown in Fig. 3.a. The 

mechanical oscillator consists of a rotating disc manufactured from steel with diameter (54.0) 

mm and thickness (5.1) mm. A single mass (me) is placed on the rotating disc at an eccentricity 
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of (22.0) mm from the axis of rotation. This arrangement rotates in one direction when it is 

driven through a shaft by an AC motor having a maximum rated speed of up to 3500 rpm. Such 

an arrangement induces a vibratory force at the base of the oscillator. This vibratory force can be 

estimated from Eq. (1). 

The basic principle of this device can be found in different textbooks such as Bhatia, 2009. 

Depending on the orientation of the counter-rotating shaft, a vertical dynamic force can be 

applied. The amplitude of vertical force produced (Fo) is: 
 

Fo = me e   
                                                                                                                                         (1) 

 

where: 

ωr is the circular operating frequency of the machine, 

e is the eccentric distance from the shaft to the unbalanced mass me, and  

me is the unbalanced mass. 

For this type of oscillator, the function of the harmonic vertical mode of vibration is sinusoidal. 

Therefore, the applied dynamic force F (t), at any time (t) is given by: 
 

F (t) = Fo sin   t = me e   
  sin   t                                                                                                     (2) 

 

In this research, a special AC Drive was used to control the speed of rotation. Calibration of this 

device with Tachometer was done to check the accuracy of the AC Drive. By varying the voltage 

supplied to the motor with the aid of the speed AC Drive, the speed of the motor and hence the 

oscillator can be varied which, in turn, causes a change in frequency of vibration induced by the 

oscillator. 

 

5.4 Dynamic Load Measurement (F-t History) 

For measuring the vibration force, a dynamic load cell was used specially for this purpose. The 

dynamic load cell was MLC215C-3T supported with MEP105A weighing indicator shown in 

Fig. 3.b, Manyyear Technology Company Limited, 2011. For obtaining high sensitivity of 

readings, the output lead wires of the dynamic load cell were connected to the Vishay Digital 

Strain Indicator that was provided with an analog output. The output signal from the strain 

indicator was captured by using a digital storage oscilloscope TWINTEX (TSO 1202, 200MHz) 

and then connected to data acquisition system by laptop computer device as shown in Fig. 2. The 

operation of storage type oscilloscope was enhanced with computer interface system that makes 

it more familiar to the computer uses, Oscilloscope User Manual, 2011. 

 

5.5 Measurement of the Amplitude of Footing Displacement 

The vertical amplitude of footing (Az) was measured at the surface of the footing. Vibration 

meter (HG 6360) of one channel was used in the test. This vibration meter has a working 

capacity of 0.001 to 4.0 mm, it is capable of measuring the displacement, velocity, and 

acceleration of motion depending on the function set prior to the test, Operation Manual, 2011. 

In addition, all the collected data can be transferred to the computer easily through built in 

software. During the tests, one vibration meter was used on the surface of the footing. The 

components of the HG 6360 vibration meter are shown in Fig. 4. The vibration meter within the 

testing models is shown in Fig. 2. 
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6. EXPERIMENTAL TEST RESULTS AND DISCUSSION 

The displacement amplitude of footing (Az) was measured for all the tested models. The 

displacement was measured by using vibration meter. This device is used with computer 

interface software. The data can be directly taken from the software or it can be taken as 

displacement amplitude-time history (Az-t). 

The test results of the displacement amplitude with time are obtained during tests, it was found 

that the trend of the test results is not unique for all the tests. This may be attributed to the test 

conditions and the dynamic response of soil. In addition, this trend is clear for the loose state 

models, while for dense state, the trend seems to be unique for all the tested models. 

In most engineering practice, it is always desirable to get the maximum displacement amplitude 

of motion. Hence, the maximum values are picked up and presented in Fig. 5 and Fig. 6, and 

summarized in Table 2. 

It can be seen that the displacement amplitude (Az) for dry dense sand models is less than that of 

dry loose sand models. For footing placed at the surface, the ratio of dense sand models 

amplitude to loose sand models is ranging from (0.27 to 1.00) and (0.03 to 0.94) for footing size 

(100×200 mm) and (200×400 mm), respectively. Meanwhile, for embedded footings this ratio 

becomes (0.24 to 0.99) and (0.10 to 0.97) for footing size (100×200 mm) and (200×400 mm), 

respectively. These results are attributed to the increase in the stiffness and the modulus of 

elasticity of dense sandy soil that makes the soil stiffer and resist vibrations as well as to it could 

be attributed to the trench and sidewall effects. 

The displacement amplitude (Az) of the footing size (200×400 mm) is less than that of footing of 

size (100×200 mm). This is true for all dry models except model for dry loose sand and some of 

the saturated sand models. As can be seen, for dry loose sand models, the ratio between footing 

size (100×200 mm) to footing size (200×400 mm) is ranging from (1.29 to 1.75) and (1.12 to 

4.79) for footing placed at the surface and embedded, respectively. On the other hand, for dry 

dense sand the ratio becomes (1.00 to 10.83) and (1.50 to 10.91) for footing placed on the 

surface and embedded, respectively. Meanwhile, for saturated dense sand, the rate of reduction 

reduces and goes from (1.10 to 3.61) for footing placed on the surface, while the behavior of 

embedded footing in saturated dense sand seems to have opposite behavior to the 

aforementioned trend. The reduction in response for large contact area is attributed to the 

reduction in the stresses due to large contact area. 

On the other hand, the displacement amplitude (Az) of saturated soil samples exhibits the same 

resonance frequency, except for sample of footing size (200×400 mm) and embedded at 5.0 cm. 

This is due to the presence of water within the soil particles that may require high frequency to 

produce resonance phenomenon. 
 

7. SUMMARY AND CONCLUSIONS 

From the discussions carried out in the previous sections and other observations made during the 

experimental approach, the following conclusions are made. 

 For dry and saturated conditions, the maximum amplitude of displacement decreases with 

increasing the relative density of sand and contact area of footing and increase with 

increasing the amplitude of loading. The maximum displacement amplitude response of the 

foundation resting on dry sand models is more than that on the saturated sand by about 5.0 to 

10 %. The maximum displacement amplitude of footing is reduced to half when the size of 

footing increases to double for dry and saturated sand. The percentage of reduction in dry 

sand is more than that of saturated sand. 
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 The general response of the force-time history relationship possesses erratic distribution 

(fluctuated) at low operating speed, meanwhile for high operating speed (> 3000 rpm), the 

relationship exhibits sine wave trend. 

 The embedment of footing in sandy soils leads to beneficial reduction in dynamic 

displacement response for all soil types in different percentages accompanied by an increase 

in soil strength. 

 The maximum displacement amplitude exhibits its maximum value at the resonance 

frequency, which is found to be about 33.34 to 41.67 Hz. 

 The maximum amplitude of displacement of saturated medium dense sand is less than that of 

loose sand. This means that the maximum displacement increases with decrease in the 

modulus of elasticity as well as the smaller the modulus is, the quicker the development of 

liquefaction zone. 

 The displacement amplitude of saturated loose sand is greater than that of the dry sand 

especially when the frequency is greater than the resonance frequency. 

 The amplitude of displacement of saturated sand models is slightly greater than that of the 

dry models. This is mainly attributed to the effect of water that may restrict the movement of 

soil particles during vibrations. 
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NOMENCLATURE  
 

Symbol Meaning 

ADS data acquisition system 

ASTM american Society for Testing and Materials 

Az vertical displacement amplitude (mm) 

Az-t displacement Amplitude-Time History 

Cc coefficient of curvature  

cps cycle per second (Hz) 

Cu uniformity coefficient  

D10 diameter corresponding to percent passing of 10 % (mm) 

D30 diameter corresponding to percent passing of 30 % (mm) 

D60 diameter corresponding to percent passing of 60 % (mm) 

DD1020E dry dense soil supporting rectangular footing of 10×20 cm and embedded 5 cm in soil 

DD1020S dry dense soil supporting rectangular footing of 10×20 cm placed at the surface 

DD2040E dry dense soil supporting rectangular footing of 20×40 cm and embedded 5 cm in soil 

DD2040S dry dense soil supporting rectangular footing of 20×40 cm placed at the surface 

DL1020E dry loose soil supporting rectangular footing of 10×20 cm and embedded 5 cm in soil 

DL1020S dry dense soil supporting rectangular footing of 20×40 cm placed at the surface 

DL2040E dry loose soil supporting rectangular footing of 20×40 cm and embedded 5 cm in soil 

DL2040S dry loose soil supporting rectangular footing of 10×20 cm placed at the surface 

Dr relative density  

e eccentric distance from the shaft to the unbalanced mass me 

emax maximum void ratio  

emin minimum void ratio  

Fo  amplitude of dynamic force (N) 

Ft transition surface (N) 

F-t force-time history 

Gs specific gravity 

http://www.huatecgroup.com/
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Symbol Meaning 

k coefficient of Permeability (m/min)  

LVDT linear Variable Differential Transformer 

me eccentric mass in the manufactured machine (kg) 

rpm radian per minute 

SD1020E 
saturated dense soil supporting rectangular footing of 10×20 cm and embedded 5 cm 

within soil 

SD1020S saturated dense soil supporting rectangular footing of 10×20 cm placed at the surface 

SD2040E 
saturated dense soil supporting rectangular footing of 20×40 cm and embedded 5 cm 

within soil 

SD2040S saturated dense soil supporting rectangular footing of 20×40 cm placed at the surface 

St total settlement (mm) 

STO storage Types Oscilloscope 

USCS unified Soil Classification System 

 angle of internal friction 

γdmax maximum dry unit weight (kN/m
3
) 

γdmin minimum dry unit weight (kN/m
3
) 

ωr circular frequency of the system (rpm) 
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Figure 1. Effect of groundwater on dynamic response of pump foundation ,after Kim et al., 2001. 
 

 
 

Figure 2. General view of the testing models and instruments. 
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Table 1. Physical and mechanical properties of the used sand. 
 

Property Value 
Standard of 

the test 

Specific gravity, Gs 2.65 ASTM D 854 

Gravel (> 4.75 mm) % 0 

ASTM D 422 

and ASTM D 

2487 

Sand (0.075-4.75 mm)% 96 

Silt and clay (< 0.075 mm)% 4 

Coefficient of curvature, Cc 1.55 

Coefficient of uniformity, Cu 1.73 

D10, D30, D60 (mm) 
0.11, 0.18, 

0.19 

USCS-soil type SP 

Dense state relative density, Dr, % 80.0   

Loose state relative density, Dr, % 30.0  

Maximum dry unit weight, γdmax, kN/m
3
 18.2 

ASTM D 4253-

00 

Minimum dry unit weight, γdmin, kN/m
3
 14.3 

ASTM D 4254-

00 

Dry unit weight in loose state (Used), kN/m
3
 15.4 ------ 

Dry unit weight in dense state (Used), kN/m
3
 17.3 ------ 

Angle of 

internal 

friction ,  

Loose state (30%) 
Dry 28.0 

ASTM D 3080 
Soaked 26.0 

Dense state 

(80%) 

Dry 40.0 

Soaked 36.0 

Coefficient of permeability, k, 

m/sec 

Loose state 

(30%) 
0.0360 

ASTM D2434-

68 Dense state 

(80%) 
0.0065 
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a) Machine for inducing vibration                            b) Location of the dynamic load cell 

 

Figure 3. Equipment for inducing vibratory dynamic load. 
 

 

 

 

Figure 4. HG 6360 vibration meter and its components. 
 

Unbalanced mass 

Dynamic load cell 
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Table 2. Displacement amplitude for different test conditions from experimental tests. 
 

Test No. Test Condition 
Operating 

Frequency, r rpm 
Az, mm St, mm 

1 

DL1020S 

500 0.0001 0.01 

2 1000 0.0111 3.00 

3 1500 0.0740 7.00 

4 2000 0.1600 8.35 

5 2500 0.5010 13.00 

6 3000 0.1700 21.00 

7 3500 0.1040 25.00 

8 

DL2040S 

500 0.0030 0.00 

9 1000 0.0162 0.30 

10 1500 0.0572 0.80 

11 2000 0.0961 1.55 

12 2500 0.3010 2.15 

13 3000 0.0970 3.60 

14 3500 0.0601 7.00 

15 DL1020E 500 0.0030 0.00 

Figure 5. The maximum displacement 

amplitude versus operating frequency for 

dry loose sand models. 

Figure 6. The maximum displacement 

amplitude versus operating frequency for 

dry dense sand models. 
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Test No. Test Condition 
Operating 

Frequency, r rpm 
Az, mm St, mm 

16 1000 0.0081 0.20 

17 1500 0.0340 0.75 

18 2000 0.0930 4.20 

19 2500 0.1340 5.95 

20 3000 0.0651 8.50 

21 3500 0.0292 12.00 

22 

DL2040E 

500 0.0040 0.05 

23 1000 0.0030 0.10 

24 1500 0.0071 0.10 

25 2000 0.0310 1.10 

26 2500 0.1120 1.70 

27 3000 0.0580 2.55 

28 3500 0.0110 5.45 

29 

DD1020S 

500 0.0001 0.00 

30 1000 0.0060 0.06 

31 1500 0.0650 0.70 

32 2000 0.1580 0.90 

33 2500 0.1510 1.00 

34 3000 0.0460 2.00 

35 3500 0.0280 4.00 

36 

DD2040S 

500 0.0001 0.00 

37 1000 0.0010 0.05 

38 1500 0.0060 0.10 

39 2000 0.0907 0.60 

40 2500 0.0792 0.70 

41 3000 0.0380 0.75 

42 3500 0.0173 0.90 

43 

DD1020E 

500 0.0020 0.00 

44 1000 0.0021 0.05 

45 1500 0.0080 0.08 

46 2000 0.0910 0.50 

47 2500 0.0751 0.30 

48 3000 0.0611 0.40 
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Test No. Test Condition 
Operating 

Frequency, r rpm 
Az, mm St, mm 

49 3500 0.0288 1.10 

50 

DD2040E 

500 0.0010 0.00 

51 1000 0.0014 0.00 

52 1500 0.0040 0.00 

53 2000 0.0300 0.05 

54 2500 0.0270 0.10 

55 3000 0.0056 0.15 

56 3500 0.0070 0.25 

57 

SD1020S 

500 0.0011 0.05 

58 1000 0.0020 0.60 

59 1500 0.0650 3.25 

60 2000 0.3820 5.50 

61 2500 0.1482 10.10 

62 3000 0.0910 13.00 

63 3500 0.0783 20.95 

64 

SD2040S 

500 0.0010 0.05 

65 1000 0.0033 -0.05 

66 1500 0.0180 0.45 

67 2000 0.2120 1.35 

68 2500 0.0980 2.35 

69 3000 0.0800 3.15 

70 3500 0.0230 4.95 

71 

SD1020E 

500 0.0250 0.10 

72 1000 0.0411 0.50 

73 1500 0.0940 0.85 

74 2000 0.2780 0.90 

75 2500 0.1802 2.25 

76 3000 0.0480 4.75 

77 3500 0.0250 7.00 

78 

SD2040E 

500 0.0082 0.05 

79 1000 0.0090 0.00 

80 1500 0.0044 0.05 

81 2000 0.2008 0.10 
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Test No. Test Condition 
Operating 

Frequency, r rpm 
Az, mm St, mm 

82 2500 0.2880 0.50 

83 3000 0.0890 0.55 

84 3500 0.0640 0.85 
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ABSTRACT 

This research will cover different aspects of estimating process of construction work 

in a desert area. The inherent difficulties which accompany the cost estimating of the 

construction works in desert environment in a developing country, will stem from the 

limited information available, resources scarcity, low level of skilled workers, the 

prevailing severe weather conditions and many others, which definitely don't provide 

a fair, reliable and accurate estimation. This study tries to present unit price to 

estimate the cost in preliminary phase of a project.  Estimations are supported by 

developing mathematical equations based on the historical data of maintenance, new 

construction of managerial and school projects. Meanwhile, the research has 

determined the percentage of project items, in such a remote environment. Estimation 

equations suitable for remote areas have been formulated. Moreover, a procedure for 

unite price calculation is concluded.   

  Key words : unit price, cost estimating, desert, items percentage  

 

 

 ية ونسبها وهعادلاتها في الوناطق الصحراويةتخوين كلف الفقرات الانشائ

 
 . د. كاظن رحين                                         م                                                             

 جبمعت بغذاد        -لسم الٍىذست المذويت
 

 الخلاصت

يزافك حمذيز  كلفت الاعممب   . صحزاَيتال طكبمىالفي شبء الاوعممب  المخخلفت لأ حمذيز أَجً البحث ٌذي غطيي

الاوشبئيت في البيئت الصحزاَيت للبلذان الىبميت العذيذ مه الصعُببث الخي  حىبع مه محذَديت المعلُمبث المخبحت 

 َغيزٌب الخي لا حُفز بصُرة جيذة سُء الاحُا  الجُيتَ يهٌزبالعمب  الم، َاوخفبض مسخُِ َوذرة المُارد

. مشزَع المزحلت الأَليت لل الخكبليف فيخمذيز ل أسعبر الُحذاث ححذيذ البحث حبَ  .ميه عمبد  َمُثُق  َدليكحخ

صيبوت َإوشبءاث جذيذة لل الخبريخيت البيبوبثعملّ حسخىذ مطُرة معبدلاث ريبضيت بُاسطت  جدعممالخخميه عممليت 

 لفمزاث المئُيت ىسبتالالبحث  حذد، ج وفسًَفي الُل المشبريع. مه عاوُا ربعتَلألمشبريع اداريت َمذارس 

حيث حم اشخمبق المعبدلاث الملائمت لعمليت الخخميه ، فضلا عمه ححذيذ  .بئيتىال البيئت في مثل ٌذي، المشزَعفمزاث 

 الاسعبر لأغزاض الخخميه عمّ اسبس الُحذة.  

 

 الفمزاث.  : سعز الُحذة، حخميه الكلفً، المىبطك  الصحزاَيً، وسب ةالكلوات الرئيسي
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1. INTRODUCTION 

Today's construction projects management faces many challenges due to the 

increased complexity and diversity of projects executive techniques, the need for huge 

verification of construction materials requires, updating of equipment and automation, 

computerization technique and management information systems. The need for 

continuous control on project costs to satisfy client's targets, gives rise to search for 

new concepts in estimating costs of construction items accompanying the completion 

of the design stage. The cost estimating before the design completion is called 

"Approximate cost" or "rough cost" which is less accurate than cost estimating after 

the detailed design. Dutta, 2005.  

The successful estimating process essentially depends upon estimator's experience, 

and acquaintance with achieving an accurate cost estimate; which surly is not so much 

different from actual cost later, Buchan, et al., 2006. There is no denying the 

historical cost of previous projects or records will be used throughout the decision 

making phase that is related to feasibility to proceed adopting the execution of 

construction project or not. It becomes urgent to make the right decision because it 

gives the client an idea or indicators of cost level to make him capable of studying and 

examine carefully the financial situation. Meanwhile such an estimate will help in 

achieving the balance sheet especially for governmental projects, where some 

decisions are essential and urgent after completing the design; therefore the estimation 

of a project cost must be calculated effectively and efficiently, Callahan, et al., 2007.  

However, although the successful estimating process depends substantially upon 

estimator's experience, and familiarity with market, also the use of more real 

predication of material prices and production rates to get rather an accurate cost 

estimate, will make the estimation of cost not much different from actual cost later. 

Therefore the historical data of costs of previous project is represented as backbone of 

successful estimation of cost in addition to normal estimating techniques. Mubarak 

S., 2010.  

2. RESEARCH OBJECTIVES  

This research aims to prepare a practical approach to estimating the cost of 

projects in the desert area by submitting a price indexes and estimating equations 

supported by percentage of items to make the executive priority.   

3. RESEARCH HYPOTHESIS  

Research hypothesis focuses on the problems that are encountered in the 

construction projects of desert area in cost limitation especially in the first stages of 

the construction project work. This problem becomes clear when the execution 

begins, most of the problems appear when planning and execution interfere with each 

other. The resulting weakness in the project cost limitation is the result of price 

iteration, the emergency conditions and the materials ensuring. By ensuring the 

optimal limitation of cost of the project, the planner can optimally control the project 

activities costs.  

 

3. RESEARCH METHODOLOGY  

The research mythology will consist of the following steps: 
1- Literature survey to review the familiar cost estimation types. The ratio of 

construction items and the suitable mathematical tool are used to represent the 

project cost behavior in construction units.  
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2- Data collection aims to collect historical data on activity costs of two types of 

buildings (construction of managerial building and school building), and periodic 

reports, invoice of payments, BOQ and tables of quantity surveying for 

maintenance activities. 

3- Finding the optimum relationships by using mathematical regression model in 

(Excel package) between cost and construction units and finding the percentage of 

construction items and developing equations of cost estimating.  

4- Displaying and discussing the results and drawing the final conclusions and 

recommendations.  

 

4. COST ESTIMATION TYPES 

The cost estimating for construction project starts in the preliminary phase or 

in feasibility study, to define the required financial requirements. The result of the 

estimation may differ according to the estimating techniques and to relevant 

information available, in construction field where there are different types of cost 

estimation as shown in Table 1.  

The first type of estimation gives rough estimate, depending on unit basis used in 

preliminary study and is prepared by using various methods for different structures 

and works, as shown in Table 2. The plinth area or superficial area method is 

deduced from the cost of the similar building having similar specification, 

characteristics and construction techniques but at same height of each floor. In a 

locality the plinth area rate is computed by using historical data on several 

buildings. In the same context the cube rate can be estimated after checking the 

cubic volume of building to consider, where the height of building is a crucial 

factor, it's more flexible than plinth area and it will be used for different sizes of 

building with different design. 

The approximate quantity method depends on expected length of walls by using 

running meter rate multiplying the total length of walls, while the detailed estimate 

needs a completed and detailed design with specification accompanying a 

completed quantity account. 

Dagostino, et, al., 2011, referred to three others types of estimating approaches for 

approximate estimating which are as follows:   

1-  Assembly Estimating: in this estimation the projects are treated as a group of 

assemblies like residential, electrical , gypsum-board partitions wall, etc. These 

groups can be estimated either manually or by computer software which will make 

the estimate more quickly by such a breakdown of project.    

2- Parametric Estimates: the equations that are concluded from the statistical 

process will be used by depending on one of the parameters in estimating the 

anticipated cost.  

3- Model Estimating: the computer models will be used here when the estimator is 

asked questions and has to answer them such as length, width, height, floor 

thickness, depth of footing, fire sprinklers, etc.  

 

5. DATA COLLECTION AND ANALYSIS 

In this research the approximate estimate considers (unit basis, plinth area, 

cube rate). The case studies data came from new construction and maintenance 
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projects. The data on two types of projects (construction of managerial building and 

school),were obtained from projects office in Ghadame's Province in the great Arab 

desert 625 km south west of the capital Tripoli. A similar technique was used to study 

the maintenance Table 3. The second part of this study "the percentage of 

construction items" depends on final payment certificate of the project considered to 

define the ratio of cost of each items to total cost of project. 

In this study, equations are derived by using Regression method (Excel package) to 

find out relations related to units and to explain cost behavior and finally, these 

equations were tested through correlation as shown in Table 4 . 

The raw data of this project is too large to be included in this research; therefore the 

researcher put the final information. 

The units used for construction of managerial buildings in this study are area (square 

meter) and volume (cubic meter), these two units were used in maintenance also. For 

these types of building of school construction, the units used in maintenance were 

area (square meter), volume (cubic meter), number of students in each school and 

number of classes also.  

 

6. THE RESULT AND DISCUSSION                                                                                   
The result of estimating of  new construction works, are reasonable with low standard 

deviation Tables 3 shows also the equations which have high correlation, and are 

more realistic than unit cost as shown in Table 4, where the following equations are 

related to new construction of managerial building :  

 

ycms=500.818xs-1343.92                                                                              (1) 

 

ycmc=73.51xc+22049.53                                                                               (2) 

 

Even the equations that are related to new construction of schools are:   

 

ycss=908.96xs+13402.27                                                                               (3)  

  

ycsc=197.6xc+13409.77                                                                                (4) 

  

ycst=2423.9xst+204519.2                                                                               (5) 

 

ycsl=43630.26xcl+204519.2                                                                           (6) 

 

But the results of maintenance work have proved to be less realistic because of the 

inaccurate input raw data with clear variation in value of same work among the 

different projects which have the same basis .The maintenance work gives 

disappointing results, Table 3 and Table 4,. It seems this result can never be used, 

therefore the maintenance data or cost does not reflect realistic cost. It is believed that, 

the main reason for great difference in maintenance cost lies in the manner of 

preparing bill of quantity which is usually done in office rather than on site, and the 

estimators were junior engineers having little experiences. For example, some items 

which don't cost very much are priced highly; items need a lower cost than fixed in 

the estimating sheets or in (BOQ). 

 For items cost percentage, the concrete work and finishing represent the higher 

percentage in construction work of the two types studied –managerial building and 

schools ,while for maintenance work,  the electric work is  greatest with ratio (%44) 
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for schools, while in office building, the greatest ratio was in finishing work, Table 5 

and the Figs.1, 2, 3, and 4 represent the illustration of item percentage of school and 

managerial building in case of either new construction or maintenance. 

 

 

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions  

1.The price of work for area, volume and units can be used as a basis for estimating 

and decision making stage, for managerial buildings and schools, while the 

students units and classes do also give accurate results. 

2. The historical data of maintenance work is non-systematic indeterminate and 

reveals there are unsuitable relations with the factors or bases of approximate 

estimate. 

3. Most of new construction equations that are concluded by regression are suitable 

for use to estimate the cost. 

3. The final payment certificate of construction work is more realistic than that of 

maintenance work as a consequence of nature of work and the maintenance 

equation that is concluded is less suitable to use.  

4. In this research, several projects are neglected because of lack of information and 

they are not documented which lead to inaccurate estimating.  

 

6.2 Recommendations 

1. The researcher suggests the price of approximate estimate in this research be used 

for estimating new project and update for each period be made. 

 2.  The consulting offices should play a part in predicting costs using their estimating 

methods, pre-estimate procedure and experience methods. 

 3. Information about accounts and data cost of project must be documented and filed. 

4. The annual maintenance must be estimated carefully by specialist committee based 

on database or by suggesting model for analysis of such fuzzy information. 
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NOMENCLATURE:  

 

xs       = estimated area m
2
                                                                                                                                                      

xc       = estimated volume m
3
                                                                                                                                          

xst       = estimated number of students                                                                                                                                           

xcl      = estimated number of classes  

ycm    =  estimated cost of managerial building based square meter                                                          

ycmc   =  estimated cost of managerial building based cubic meter                                                   

ycss    =  estimated cost of school building based square meter                                                                

ycsc    =  estimated cost of school building based cubic meter                                                                                                   

ycst     =  estimated cost of school building based student number                                                                                                                                                

ycsl     = estimated cost of school building based classes number  

 

Table 1. Types of cost estimating. [Researcher] 

Estimate per unit basis 1- Approximate estimate 

Plinth area estimate for building.  

Cube rate estimate for building.  

Approximate quantity method  

Item rate estimate.  

Revised estimate.  

Supplementary estimate.  

Maintenance estimate.  

When the drawings , planning & specification & bill of 

quantities are ready  

2- Detailed estimate 
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Table 2. Units basis used to cost estimating, Dutta, 2005. 

No. Type of project Unit of estimating 

 

 

 

 

 

1  

  
B

u
il

d
in

g
s 

School 

 

Student or class room 

 

Hostel 

 

Student 

 

Hospital 

 

Bed 

 

Theater, cinema & halls 

 

Seat 

 

Residential building 

 

Tenement 

 

Dormitory 

 

Barrack 

 

2 Road and highways Kilometer ,area 

3 Irrigation channels 
Kilometer depending on capacity 

of channel 

4 Bridges and culverts Running meter 

5 
Sewerage project  and waters supply 

project 
Population served or area covered 

6 Overhead water tank Capacity per cubic meter 

 

 

 

Table  3. The unit prices per each unit basis. 

Cost estimated $ Per 

Type of structure 
Type of 

work Class 

 
Student 

Cubic 

meter 

Square 

meter 

  
134.95 

±40 

554.1 

±104.62 

Managerial 

building 

co
n
stru

ctio
n

 

71325.57 

± 

(3793.2) 

3962.5 

± (210.7) 

202.74 

±2.6 

932.6 

±12.2 
School 

  
39.66 

±25.5 

196.87 

±189.5 

Managerial 

building 

m
ain

ten
an

ce 

2347.78 

± (1136) 

139.08 

(101.04) 

± 

11.39 

±4.73 

46.98 

±16.4 
School 

 

* By multiplying the above values by the related unit basis to get the estimating cost. 
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Table 4. The equation of cost estimating per unit. 

Equation concluded per unit (x) 

Type of structure 

T
y
p
e 

o
f 

w
o
rk

 

Classes Students Cubic meter Square meter 

  
Y=73.51X+22049.53 

R=0.975 

Y=500.818X-1343.92 

R=0.987 
Managerial building 

C
o
n
st

ru
ct

io
n

 

Y=43630.26X+204519.2 

R=0.983 

Y=2423.9X+204519.2 

R=0.983 

Y=197.6X+13409.77 

R=0.983 

Y=908.96X+13402.27 

R=0.983 

 

Schools 

  
Y=12.05X+54861.29 

R=0.199 

Y=126.535X+25037.03 

R=0.469 
Managerial building 

M
ai

n
te

n
an

ce
 

Y=583.04X+19251.7 

R=0.193 

Y=20.41X+21218.6 

R=0.193 

Y=12.11X-1673 

R=0.193 

Y=31.93X+8440.676 

R=0.193 
Schools 

 

* The above equations are extracted by using regression tool after analysis of the raw data. 
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Table 5. The items ratio per total value of project (%). 

Construction Maintenance Type of work 

Managerial building Schools 
Managerial 

building 
Schools Type of structures 

0.19 0.87 0.105  Leveling and utilities 

0.26  0.513 o.171 Clearing demolition 

1.26 1.66 5.07  Excavation 

1.37 2.0 0.243  Filling 

25.31 36.3 6.54  Concrete 

13.34 7.045 2.88 0.231 Masonry 

20.77 16.465 21.28 15.695 Finishing 

6.13 7.485 9.109 5.171 Roofing and flooring 

5.86 4.125 14.649 8.252 Metal 

3.77 4.585 1.51  Damp proof 

6.75 4.287 7.51 5.66 Wood 

5.44 6.015 12.85 20.107 Sanitary 

4.67 5.737 11.87 44.09 Electric 

3.75  4.57  Water tank 

0.48  1.21 0.612 Final cleaning 

1.01 2.365   others 

 

* Some items were unavailable and are not considered in the original BoQ  
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Figure1. Item Percentage of construction managerial building. 
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Figure 2. Item percentage of school construction. 
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Figure 3. Item percentage of maintenance of managerial building. 
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Figure 4. Item percentage schools maintenance. 
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ABSTRACT 

This study aims to investigate the behavior and strength of self-compacted ferrocement slabs under 

punching shear load. Experimental results of thirteen square ferrocement slabs of 500×500 mm 

simply supported on all edges are presented.  The main parameters investigated include the volume 

fraction of reinforcement, slab thickness and size of load-bearing plate. The load deflection and 

cracking characteristics of the tested slabs are studied and compared.  The test results showed that 

the volume fraction of wire mesh has significant effect on both ultimate load and displacement. The 

increase of slab thickness leads to decrease in deflection values and increase in stiffness of slabs. 

Both ductility and stiffness increase as the loaded area size is increased.  

 

Key words: self compacting mortar, ferrocement, punching shear, slabs, volume fraction 

 

طات الفيروسمنتيه راتية الرصلامقاومة القص الثاقب للب  

 
د.   سعذ فهذ رسن                                             د.عبذالخالق عبذاليمه جعفر      

 مدزض                                                                        مدزض    

 جامعت مٍسان - ميٍت اىٍىدست                                          عت مٍسان جام -ميٍت اىٍىدست                                         

 

 الخلاصة

ححسي سيُك َمقاَمت اىبلاطاث اىفٍسَسمىخًٍ ذاحٍت اىسص ححج حاثٍس حمو اىقض اىثاقب. اسخعسضج  اىى حٍدف ٌري اىدزاست

ميم(  َبسٍطت الاسىاد مه جمٍع اىجٍاث.  055×055اىدزاست وخائج عميًٍ ىثلاثت عشس بلاطت فٍسَسمىخًٍ مسبعت اىشنو بابعاد )

حضمىج دزاست اىمخغٍساث اىسئٍسٍت ًٌَ اىىسبت اىحجمًٍ ىيخسيٍح, سمل اىبلاطت َحجم ىُحت اىخحمٍو. َمرىل حم دزاست خظائض 

حاثٍس مبٍس عيى مو مه  ااىخشُي َخظائض اىخشقق ىيبلاطاث اىمفحُطت. بٍىج اىدزاست ان اىىسبت اىحجمًٍ ىيخسيٍح ىٍ-مىحىى اىحمو

ان ملا مه  َ. اىٍطُهمما ان اىصٌادة فً اىسمل حؤدي اىى شٌادة فً جساءة اىبلاطت َوقظان فً  اىحمو الاقظى  َاىخشُي الاقظى.

 اىمطٍيٍت َاىجساءة ٌصدادان بصٌادة ابعاد ىُحت اىخحمٍو.

 

 .ملاط ذاحً اىسص, فٍسَسمىج, اىقض اىثاقب , بلاطاث, اىنسُز اىحجمًٍالكلمات الرئيسيه:  
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mailto:sadresan@uomisan.edu.iq
mailto:aljabery_1981@yahoo.com
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1. INTRODUCTION 

Ferrocement is a type of thin wall reinforced concrete commonly constructed of hydraulic 

cement mortar reinforced with closely spaced layers of continuous and relatively small size wire 

mesh. The mesh may be made of metallic or other suitable materials ACI Committee 549, 1999.  

Ferrocement has a very high tensile strength-to-weight ratio and superior cracking behavior in 

comparison to conventional reinforced concrete. This means that thin ferrocement structures can 

be made relatively light and watertight. Hence, ferrocement is an attractive material for the 

construction of prefabricated housing units, boats, barges, and other portable structures ACI, 

Committee 549, 1999.  

Also, ferrocement can be utilised in a number of practical application such as repair, 

rehabilitation and strengthening of different concrete structural members Lub and Van, 1989, 

Fahmy and Shaheen, 1994, Romualdi et al., 1998, Fahmy et al., 1999, Razali et al., 2005, 

Dongyen et al., 2006, Jeyasehar and Vidivelli, 2006, and Shannag 2009. 

Recent and interesting applications are related to the adoption of self compacting mortar in the 

field of retrofitting and strengthening of reinforced concrete structures Kazim, 2012. It is 

preferred due to the easiness of application and mechanical advantages. The applied mortar to 

the structural members is usually hard to consolidate and vibration is not possible in most cases 

Rathish and Srikanth, 2008. In addition to these, the self-compactability of mortars may 

provide considerable advantages such as reducing the construction time and labor cost, 

enhancing the filling capacity of highly congested structural members Kazim, 2012. 

Therefore, an experimental study is performed on self compacted cementitious slabs and 

reinforced with welded steel wire mesh to investigate its strength and behavior under patch 

loading.  There are limited investigations that have been carried out to study the behavior of 

ferrocement members under punching shear.  These include Paramasivam and Tan, 1993, Al-

Kubaisy and Jumaat, 1999, Mansur et al., 2000 and  2001, Ibrahim, 2011. 

Due to the limited studies, this paper is aimed to investigate the behavior and strength of self-

compacted ferrocement slabs under punching shear load. The main parameters considered in this 

study include the volume fraction of reinforcement, overall thickness, and the size of the load 

bearing plate. Thirteen ferrocement slabs are tested. The results of these tests are presented and 

the influences of various parameters on the punching shear strength are discussed. The load-

deflection of these slabs is also discussed in this paper. 

 

2. EXPERIMENTAL PROGRAMS 

2.1. Specimen Details and Test Parameters 

A total of thirteen ferrocement slabs of identical length and width but different depths have been 

tested in the Construction Materials Laboratory of the College of Engineering at University of 

Misan. The casted slabs were 500 mm long × 500 mm wide with two different depths of 30 and 

45 mm.   The specimens comprised of two control ferrocement slabs cast with ordinary mortar 

and the other eleven made with self compacting mortar. Specimen details and main study 

parameters are summarized in Table 1.  The slab specimens were simply supported along the 

four edges with corners free to lift and free to rotate about the support axes as shown in test setup 

in Fig. 1. The support-to-support span (l) for all the slabs was 400mm in each direction.  The 

load has been applied by means of a hydraulic jack as shown in Fig. 1. A square rigid steel plate 

with side (w) of (40 and 80 mm) was placed between the jack and slab to apply the load in the 

center of the slab. A mechanical dial gauge was placed at the center of the slab to measure the 

vertical displacement while a calibrated load cell was used to record the load as shown in Fig. 1. 



[Type text] 

Journal of Engineering Volume   21  February  2015 Number 2 
 

 
 

50 

 

2.2. Materials and Mixing Proportions 

Welded square wire mesh with a wire diameter of 1.0 mm and 12.5 mm spacing was provided as 

an internal reinforcement for ferrocement slabs. The mesh was tested according to the design 

guide on construction and repair of ferrocement reported by the ACI committee 549, 1999. The 

yield strength of the wire mesh was determined to be 405 MPa.  The average ultimate strength of 

the wire mesh and modulus of elasticity was found to be 600 MPa and 95 GPa, respectively as 

shown in Table 2. Mortar matrix consisted of ordinary Portland cement locally available and 

natural sand with specific gravity of 2.60. In the mix, 10% by weight of cement was replaced by 

silka fume. The water and sand to binder ratios by weight were chosen to be 0.3 and 1.0 

respectively.  Supperplastcizer type Sika Viscocrete ,2010, was used as high range water 

reducer. The dose of superplasticizer used to obtain self compacted mortar was 3% by total 

binder weight. Potable water was used in the experimental work for both mixing and curing. 

 

2.3. Mortar Mixing and Fresh Properties Tests 

The batch of mortar was produced using rotating drum type of half bag capacity. The Portland 

cement and silica fume were initially dry mixed at low mixing speeds prior to the addition of 

other constituent materials. Further mixing sequences and durations were performed in 

accordance to standard procedures prescribed in ASTM Standard C305, 1999.  

After the mixing was completed, tests were conducted on fresh self compacting mortar to 

determine mini slump flow diameter and mini V-funnel flow time as shown in Fig. 2. The mini 

slump flow diameter and mini V-funnel flow time of self compacted mortar were presented in 

Table 3. Segregation and bleeding were visually checked during the slump flow test and was not 

observed. 

 

2.4. Fabrication of Test Specimens 

The wooden moulds dimensions were (500x500x30 or 45mm). The desired mesh layers were 

tied by fine steel wires and then placed inside the moulds. Fresh mortar mix was then poured into 

the wooden mould as shown in Fig. 3. Along with the slabs, a total of six (50x50x50 mm) mortar 

cubes and three (40x40x160 mm) mortar prisms were moulded. The mortar specimens were used 

for compressive and flexure strength tests. The matrix characterised by an average compressive 

and flexural strength of 70 and 7.7 MPa, respectively.  Moulded specimens were cured in mould 

for 24 hour and then removed from their moulds, and immersed in the curing tank for 28 days. 

Before the testing day, the slab was cleaned and painted with white paint on both surfaces, to 

achieve clear visibility of cracks during testing. The slab was carefully placed on the simple 

supports. The point load was applied at the centre of the top surface of the slab and the dial 

gauge was positioned under the centre of the bottom surface of the slab, so that a precise set-up 

of the testing equipment was achieved.  

 

3. TEST RESULTS AND DISCUSSION 

3.1. General Behavior 

The general behavior of self compacting ferrocement slabs and normal ferrocement slabs are all 

nearly identical as shown in Figs. 4 and 5. When the load is applied to the slab specimen, the 

first visible crack (bending cracks) was observed at the tension face of the tested slab and the 

relationship between load and displacement is linear till flexural cracks occur. In all slabs, 

cracking on the tensile face began near the center and radiated towards the edges (semi-random 

phenomena). As the load is increased the cracking propagated to the opposite face. At higher 
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loads, the already formed cracks got widened while new cracks started to form. The new formed 

cracks are roughly semi-circular or elliptical in shape and occurred in the tension surface of the 

slab. Failure of the slab occurred when the cone of failure radial outward from the point of load 

application pushed up through the slab body (brittle failure with limited warning). At failure, 

the slab was no longer capable of taking additional load. 

 

3.2. Cracking and Failure Patterns 

Fig. 6 presents general patterns cracking and failure on the top and bottom faces of the self 

compacted and normal specimens after failure. No cracks are observed in the compression face 

of any slab, except those which are observed around the loaded area at failure, which are almost 

the same as that of the loading plate dimensions. The cracks on the bottom face of specimens are 

radial, propagating from the centre of slab. These patterns are occurred at the center of slabs and 

propagated across the slab to the sides in the redial direction. Different cracking patterns may be 

noticed in Figs. 7 to 9 such as spacing, extent of cracks and perimeter of failure cone. These 

variations depending on the volume fraction of wire mesh, the thickness of specimens and size of 

loading plate. It can be noticed that combined flexural-punching failure mode is found in slabs 

with small amount of reinforcement ratio and pure punching shear failure is found in specimens 

that have moderate and high volume fraction. The crack patterns at failure became more closely 

spaced with increasing the reinforcement content. 

 

3.3. Load-Deflection Response 

The load-displacement relationships for self compacted ferrocement slabs and corresponding 

control (normal ferrocement) slabs are presented in Figs. 4 and 5. It can be noticed from these 

figures, that relationships are approximately identical at all loading stages.  Fig. 10 shows load-

displacement relationship of the control slab (0-45-S) that it tested under patch load to determine 

the ultimate load carrying capacity of plain mortar specimen. When adding wire mesh of volume 

fraction (0.77, 1.154, 2.31 and 3.464 %) for slabs (2-45-S, 3-45-S, 4-45-S, 6-45-S and 9-45-S) 

respectively, the ultimate load increases (155, 188,366, 533 and 658%) respectively, as shown in 

Fig. 11 and Table 4.  It may be seen from Fig. 11 that the specimen (9-45-S) with the high 

volume fraction has highest ultimate shear load and stiffness but less ductility when it is 

compared with the specimen with lower reinforcement ratio (2-45-S). This proves that the 

volume fraction of wire mesh has significant effect on both ultimate load and displacement at 

ultimate load.  

Figs. 12 and 13 illustrate the load-deflection relationships of slabs with different size of 

loading plate. As it is clear from these figures, the increase of the loading plate size leads to 

increase of ultimate loads. The effect of the loading plate size on the ultimate shear load with 

various volume fractions is shown in Fig. 14. As shown in this figure, the increase of size causes 

an increasing in the ultimate strength of slabs. For slabs having volume fraction (1.154 and 2.31 

%), the ultimate capacity is increased by (24 and 29%) respectively, when loading plate changed 

from 40 to 80 mm, respectively. The behavior of slabs of different thicknesses and reinforced 

with same volume fraction is denoted in Figs. 15 to 17.  

The increase of slab thickness leads to decrease in deflection values at each stage of loading. Fig. 

18 shows the effect of the volume fraction on ultimate load of self compacted ferrocement slab.  

It is obvious from this figure that the ultimate capacity of the slabs increases with the increase of 

the thickness of slab at the same amount of reinforcement ratio.  
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4. PREDICTION OF PUNCHING SHEAR STRENGTH 

Many codes and researchers have presented different formulas for predicting the 

punching shear strength of concrete slabs but no any code provision for punching shear in 

ferrocement. For concrete slabs, most codes present formulas, where the design punching load is 

a product of design nominal shear strength by the critical punching shear perimeter and the 

effective depth of the slab. The critical perimeter of punching shear depends on the shape of 

critical perimeter and its distance from loaded face. The characteristics of critical punching shear 

perimeter that considered in different codes such as ACI 318-11Code, Eurocode 2-2004, and 

BS8110-1997 are shown in Fig 19. 

In the ACI 318M-11 Code, the punching shear strength should be taken not greater than 

any of the following three equations: 

 

       (  
 

 
 )√                                                                                                                (1) 

 

         
    

  
   √                                                                                                             (2) 

 

        √                                                                                                                             (3) 

 

where,     = 4(c + d), as shown in Fig.19;   = 40 for symmetric punching;   = the ratio of the 

long side to the short side of the concentrated load or reaction area, 

 

The equation presented in BS8110-97, is as follows: 

 

              
 

   
   

 
 
 

  
  

   

  
 
 

  
                                                                                                (4) 

 

where;     = 4(c + 3 d) as shown in Fig.19;  
   

 
  ≥1.0;       

             

 

The Eurocode 2-2004, recommends the following expression to estimate punching shear 

strength of concrete slabs: 

 

                     
 

                                                                                                            (5) 

 

where:     = 4(c + π d) as shown in Fig.19;      √
    

 
         ;      ≤ 50 MPa;      

  

In the case of ferrocement slab Mansur and Ong, 1987, suggested that the effective depth 

of slab (d) is replaced by thickness of slab (h) for the simplicity. 

 The above code provisions are used to calculate the ultimate punching load of normal and 

self compacted ferrocement slabs and the test and calculated values are summarized in Table 5. 

From this table, it can be observed that the experimental values are smaller than these calculated 

by ACI, Euro and BS codes.  The ratio of experimental result to that calculated by ACI, BS8110, 

and Eurocode 2 codes range from (0.28-0.98), (0.27-0.57) and (0.45-0.79), respectively.  
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Based on the test results and the above discussion, it can be concluded that these codes 

are unsafe and this is leaded to define specific procedure of punching shear of self compacted 

ferrocement slabs. For this purpose, the proposed model for punching load is given as: 

 

                                                                                                                                            (6) 

 

 An empirical relation was proposed by Mansur et al., 2001, is used to predict the 

punching shear strength of ferrocement slabs (    . The following exponential form of equation 

has been selected. 

 

             
 

 
                                                                                                                        (7) 

 

The critical punching shear perimeter (    of ferrocement slabs as defined by ACI code is 

considered as.  

 

                                                                                                                                        (8) 

 

Substituting Eqs. (7) and (8) in Eq. (6), gives a model for predicting shear load as: 

 

              
 

 
                                                                                                               (9) 

 

A comparison of the ultimate punching shear loads predicted by Eq. (9) with 

experimental values is given in Fig. 20 and Table 5. From Table 5 it can be noted that the ratio 

of test to predicted ultimate loads                      ranges from 0.84 to 1.34, with an average 

1.12 and a standard deviation of 0.16.  Thus the proposed equation is able to predict the ultimate 

punching shear load of self-compacted ferrocement slabs.  

 

5. CONCLUSION 

In this paper the experimental test is made on ferrocement slabs with normal and self-compacted 

mortar, subjected to patch loads. Based on the results obtained from the experiments, the 

following conclusions may be drawn: 

The load-displacement relationships for self-compacted ferrocement slabs and corresponding 

normal ferrocement are approximately identical at all loading stages. 

The specimen with high volume fraction specimen has highest ultimate shear load and stiffness 

but less ductility.  

Failure mode of self-compacted ferrocement slabs mainly depends on volume fraction of 

reinforcement and combined flexural-punching failure mode may be changed into pure punching 

shear with increasing the reinforcement ratio.  

The ultimate shear capacity of self compacted slabs is increased by (24% and 29%) respectively, 

when loading plate is changed from 40 to 80 mm, respectively. 

The increase of slab thickness leads to decrease in deflection values at each stage of loading and 

increasing in stiffness of self-compacted ferrocement slab. 
The code provisions for punching shear of structural concrete are not suitable for predicting the 

punching shear strength of self-compacted ferocement slabs.  
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NOMENCLATURE 

c = side length of column, mm 

  = effective depth, mm 

    = the compressive strength of the mortar, MPa 

h = thickness of slab, mm 

k = factor accounting for size effect, dimensionless 

l = length of slab, mm 

   = the ultimate punching shear load, kN 

    = the perimeter of the critical section, mm  

    = ultimate shear stress, MPa 

    volume fraction of reinforcement 

w = side length of loaded plate, mm 

  = a factor for slab column connections based on the location of the column (40 for interior, 30 

for exterior, 20 for corner columns), dimensionless. 
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  = the ratio of the long side to the short side of the concentrated load or reaction area, 

dimensionless. 

  = bending reinforcement ratio. 

 

 

Table 1.  Details of specimens. 
 

Slab no. 

Thickness 

(h) 

(mm) 

Volume 

fraction 

Vf  % 

No. of 

wire 

mesh 

layers 

Width 

of loading 

plate (w)  

(mm) 

Compressive 

strength 

(f’c) 

(MPa) 

Mortar type 

 

0-45-S 

45 

0 0 

40 70 

Self 

compacting 

mortar 

2-45-S 0.77 2 

3-45-S 1.154 3 

4-45-S 1.54 4 

6-45-S 2.31 6 

9-45-S 3.464 9 

2-30-S 

30 

1.154 2 

40 71 4-30-S 2.31 4 

6-30-S 3.464 6 

2-30-L 
30 

1.154 2 
80 70 

4-30-L 2.31 4 

2-30-S-con 
30 

1.154 2 
40 68 

Normal  

mortar 4-30-S-con 2.31 4 

 

Table 2. Properties of wire mesh. 

Specimens 

Wire 

diameter 

(mm) 

Yield strength 

(MPa) 

Ultimate 

strength (MPa) 

Modulus of 

elasticity (GPa) 

S1 1.0 409 598 95.1 

S2 1.0 392 586 94.3 

S3 1.0 414 616 95.6 

Average 1.0 405 600 95.0 
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Table 3.  Fresh properties of self compacting mortar. 

 
Tested value of fresh 

mortar 

EFNARC Specification 

(2002) 

Mini Slump (mm) 259 Between (240 – 260) mm 

Mini V-funnel (sec) 8.6 Less than 11 seconds 

 

  

Table 4. Test results of slabs. 

Slab no. 

Mortar compressive 

strength 

(MPa) 

 

Thickness 

(mm) 

Load 

(kN) 

Deflection 

( mm) 

0-45-S 67 42 6.0 1.25 

2-45-S 69 44 15.3 8.1 

3-45-S 69 43 17.3 7.5 

4-45-S 72 47 27.9 7 

6-45-S 72 48 38 6.6 

9-45-S 71 48 45.5 6.1 

2-30-S 67 27 7.43 13.75 

4-30-S 72 30 13.5 11 

6-30-S 74 33 23.2 10 

2-30-L 66 28 9.2 14.5 

4-30-L 74 32 17.4 12 

2-30-S-con 67 28 7.6 12.75 

4-30-S-con 69 32 13.6 10.5 

 

 

 

 

 

 

 

 

 

 



[Type text] 

Journal of Engineering Volume   21  February  2015 Number 2 
 

 
 

58 

 

Table 5. Comparison of test results with codes of practice and proposed model. 

Slab no. 

Ultimate load (kN) 
Ratio 

(1)/ (2) 

Ratio 

(1)/(3) 

Ratio 

(1)/(4) 

Ratio 

(1)/ (5) Exp. 

(1) 

ACI 

(2) 

B.S 8110 

(3) 

EC-2 

(4) 

Pred. 

(5) 

2-45-S 15.3 40.53 43.5 29.91 13.9 0.38 0.35 0.51 1.10 

3-45-S 17.3 39.13 48.5 32.84 16.3 0.44 0.36 0.53 1.06 

4-45-S 27.9 42.54 57.54 39.12 23.0 0.66 0.48 0.71 1.21 

6-45-S 38.0 47.31 73.1 50.23 29.4 0.80 0.52 0.76 1.29 

9-45-S 45.5 46.32 79.31 57.34 35.8 0.98 0.57 0.79 1.27 

2-30-S 7.43 19.55 24.6 14.7 6.4 0.38 0.30 0.51 1.16 

4-30-S 13.5 23.52 36.27 22.1 11.6 0.57 0.37 0.61 1.16 

6-30-S 23.2 27.35 45.07 29.7 17.3 0.85 0.51 0.78 1.34 

2-30-L 9.2 32.43 34.22 20.51 10.9 0.28 0.27 0.45 0.84 

4-30-L 17.4 40.70 51.55 31.7 20.7 0.43 0.34 0.55 0.84 

2-30-S-con 7.6 20.57 25.88 15.63 6.9 0.37 0.29 0.49 1.10 

4-30-S-con 13.6 25.26 33.32 24.66 12.8 0.54 0.41 0.55 1.06 

Average 0.56 0.40 0.60 1.12 

Standard deviation 0.22 0.10 0.12 0.16 

Min. value 0.28 0.27 0.45 0.84 

Max. value 0.98 0.57 0.79 1.34 

 

 

 

                   (a) Specimen detail.                                                                    (b) Test setup. 

Figure 1.  Specimen detail and test setup. 
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(a)  Mini slump cone.                                      (b)  V-funnel apparatus. 

 

Figure 2.  Mortar flow and funnel tests. 

 

 

 

 

 

Figure 3.  Fabrication and cast of self compacting specimens. 
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Figure 4. Comparison of load-central deflection response of self-compacted and normal slabs 

reinforced with Vf = 1.154%. 

 

 

Figure 5. Comparison of load-central deflection response of self-compacted and normal slabs 

reinforced with Vf = 2.31%. 
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Figure 6. Punching failure mode of self-compacted and normal slabs. 

 

              

  

                                                                     

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Failure mode of self compacted 

slabs with same volume fraction and 

different loading plate size. 

Figure 8. Failure mode of self compacted 

slabs with same volume fraction and 

different thickness. 

          

(a) 4-30-S-top face (b) 4-30-S-bottom face.            (c) 4-30-S-con-top face.     (d) 4-30-S-con- bottom face. 

 

        

(a) 2-30-S-bottom face.     (b) 2-30-L-bottom face.             (a) 4-30-S-bottom face.      (b) 6-45-S-bottom face. 
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Figure 9. Failure mode of self-compacted slabs with same thickness and different volume 

fraction. 

 

 

Figure 10. Load-central deflection response 

of plain self-compacted mortar. 

 
 

Figure 11. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with different volume fraction. 
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(b) 2-45-S-bottom face. 

 

(c) 3-45-S-bottom face. 

 

(d) 4-45-S-bottom face 

 

(e) 6-45-S-bottom face 

 

(f) 9-45-S-bottom face 
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Figure 12. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 1.154% and different 

loading plate size. 

 

Figure 13. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 2.31% and different 

loading plate size. 

 

 
 

Figure 14. Effect of loading plate size on 

ultimate shear capacity of self-compacted 

slabs. 

 

Figure 15. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 1.154% and different 

slab thickness. 
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Figure 16. Comparison of load-central 

deflection response of self-compacted 

slabs reinforced with Vf = 2.31% and 

different slab thickness. 

Figure 17. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 3.464% and different 

slab thickness. 

 

Figure 18. Effect of volume fraction on ultimate capacity of slabs. 
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Figure 19. Critical section and perimeter of punching failure in different codes for square 

column. 

 

Figure 20. Comparison of experimental punching loads with prediction. 
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ABSTRACT 

Planning of electrical distribution networks is considered of highest priority at the present time 

in Iraq, due to the huge increase in electrical demand and expansions imposed on distribution 

networks as a result of the great and rapid urban development. 

Distribution system planning simulates and studies the behavior of electrical distribution 

networks under different operating conditions. The study provide understanding of the existing 

system and to prepare a short term development plan or a long term plan used to guide system 

expansion and future investments needed for improved network performance. 

The objective of this research is the planning of Al_Bayaa 11 kV distribution network in 

Baghdad city based on the powerful and efficient CYMDist software as a tool for the simulation 

and analysis of the network. 

The planning method proposed in this thesis is to reach the optimum operating conditions of the 

network by combining the network reconfiguration in sequence with the insertion of capacitors 

with optimal sizing and locations. The optimum performance of the network is achieved by 

reducing losses, improving voltage profile and alleviating overload for transformers and cables. 

Key words: Distribution network planning, CYMDist software, network reconfiguration, 

capacitor placement, loss minimization. 

 

 تخطيط شثكات التوزيع في مذينة تغذاد
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طانب ياجسخيش                              

لسى انُٓذست انكٓشبائيت                    

انجايؼت انخكُهٕجيت                    

 د. ثامر محمذ عثذ الوهاب

 يذسط

 لسى انُٓذست انكٓشبائيت

 انجايؼت انخكُهٕجيت

 

 الخلاصة

يؼذ حخطيط شبكاث انخٕصيغ انكٓشبائيت يٍ الأٔنٕياث في انٕلج انحاضش في انؼشاق َظشاً نهضيادة انٓائهت في الأحًال انكٓشبائيت 

 انكبيش ٔانسشيغ.ٔ انخٕسؼاث انًفشٔضت ػهٗ انشبكاث َخيجت انخطٕس انؼًشاَي 

 فٓى حٕفش انذساست. يخخهفت حشغيم ظشٔف ظم في انكٓشبائيت انخٕصيغ شبكاث سهٕن ٔيذسط يحاكي انخٕصيغ يُظٕيت حخطيط

 ٔالاسخثًاساث في انًُظٕيت انخٕسغ نخٕجيّ حسخخذو انًذٖ طٕيهت خطت أٔ الأجم لصيشة حًُٕيت خطت ٔإػذاد انمائًت انًُظٕيت

 .انشبكت أداء نخحسيٍ انلاصيت انًسخمبهيت

انمذسة  راث CYMDistفي يذيُت بغذاد اسخُاداً انٗ بشيجياث  kV 11انٓذف يٍ انبحث ْٕ حخطيط شبكت حٕصيغ كٓشباء انبياع 

 نخًثيهٓا حاسٕبياً ٔ اجشاء انخحهيلاث ػهيٓا.ٔانكفاءة انؼانيت كأداة 

الأداء الأيثم نهشبكت ْي بأجشاء ػًهيت حغييش طٕبٕغشافيت اٌ طشيمت انخخطيط انًمخشحت في ْزِ الأطشٔحت نهٕصٕل انٗ حانت 

انشبكت بانخؼالب يغ ادخال يخسؼاث بسؼاث يحسٕبت ٔفي اياكٍ يثانيت في يُظٕيت انخٕصيغ. ٔيخحمك الأداء الأيثم نهشبكت بخمهيم 

 .( ٔيؼانجت يشكهت انحًم انضائذ نهًحٕلاث ٔانًغزياثvoltage profileححسيٍ انجٓذ )ٔ انًفاليذ,

 .حمهيم انًفاليذ ,ادخال يخسؼاث, حغييش طٕبٕغشافيت انشبكت, CYMDistحخطيط شبكاث انخٕصيغ, بشَايج  ة:ئيسيرالكلمات ال
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1. INTRODUCTION 

The objective of distribution network planning is to satisfy the annual load growth for the 

planning period, reduce line losses, improve voltage profile and increase reliability of the 

network. The power loss is significantly high in distribution networks because of lower voltage 

levels and higher currents, these losses cannot be eliminated but can be reduced, ,Satish, 2012. 

Power loss minimization by reconfiguring the network and installing shunt capacitors are two 

main means for loss reduction. Network reconfiguration is defined as altering the topological 

structure of distribution networks by changing the open/closed status of the normally closed 

(sectionalizing) and normally open (tie) switches. If shunt capacitors are installed in the correct 

position and size it can significantly improve the performance of distribution circuits. Literature 

Review: ,Baran, and Wu, 1989. proposed a new solution method for network reconfiguration 

based on a branch-exchange for both loss reduction and load balancing between feeders. Two 

approximate load flow methods for radial systems have been developed, these are the simple 

Dist flow and Backward/Forward methods. 

,Thiruvenkadam, et al., 2008. presented a feeder reconfiguration algorithm for loss reduction 

and load balancing at the same time. The proposed algorithm efficiently utilizes a heuristic based 

fuzzy strategy and constrained fuzzy operation along with back propagation neural network. 

,Dong Zhang, et al., 2008. proposed a joint optimization algorithm of combining network 

reconfiguration and capacitor control for loss reduction in distribution systems. An improved 

adaptive genetic algorithm (IAGA) is developed to optimize capacitor switching, and a 

simplified branch exchange algorithm is developed to find the optimal network structure.,Gupta 

et al., 2011. presented a fast and efficient heuristic algorithm to explore the optimal number, 

locations and sizing of shunt capacitors in radial distribution systems under varying load 

conditions. A new constraint objective cost function (COCF) has been formulated to maximize 

the net annual saving by minimizing the real power losses and optimizing the annual investment 

on shunt capacitors while improving the system node voltage profile.   
,Prasanna et al., 2012. proposed a new method of Second order PSO for a more effective 

capacitor sizing in radial distribution feeders to reduce the real power loss and to improve the 

voltage profile. The location of the nodes where the capacitors should be placed is decided by a 

set of rules given by the fuzzy expert system and the sizing of the capacitors is modeled by the 

objective function to obtain maximum savings using Particle Swarm Optimization (PSO). 
 

2. THE PROPOSED METHOD 

The proposed planning approach consists of: 

1. Load allocation. 

2. Reconfiguration of the network by changing switch status.  

3. In case of operational constraints are violated in the reconfigured network, reactive power 

compensation is applied for candidate buses. 

a. Load Allocation: In this work the connected kVA load allocation technique provided by 

CYMDist software is used which distributes the substation load demand (entered by the user 

in amps for each phase) along the feeder according to the connected kVA of the distribution 

transformers. 

b. Network Reconfiguration: In the problem of system reconfiguration, the control variables are 

switching statuses. To get different choices of topologies, the switching statuses are 

randomly altered in between two values such as 1 for close or 0 for open. The objective 

function of the network reconfiguration problem is the minimization of power loss which can 

be expressed mathematically as follows ,Manju, et al., 2012. 
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               (1) 

 

Where: f the objective function, n total number of branches, ri resistance of branch i, Qi 

reactive power of branch i, Pi active power of branch i, Vi voltage on head node of branch 

i, ki switch status on branch i (ki =1 equal to closed, ki= 0 equal to open). 

 

2.1  Subject to the following constraints 

Voltage Constraint: Voltage magnitude at each node must lie within its permissible range: 

 

                                                     (2) 

Where: Vmin. and Vmax. are the lower and upper voltage limits, respectively. 

Radiality Constraints: each load node should be fed by only one substation (no loops are 

allowed in the network). 

Power Source Limit Constraint: The total loads of a certain partial network cannot exceed the 

capacity limit of the corresponding power source: 

 

     
                                             (3) 

     
                                                      (4) 

 

Power factor constraint, harmonics constraint, and voltage angle constraint has not been taken 

into consideration to avoid the complexity of the problem. 

 

2.2  The reconfiguration method 

starts with a meshed distribution network obtained by considering all switches closed. Then, the 

switches are opened successively to eliminate the loops. The opening criterion is based on 

minimum total power loss increase, and this is determined using the power-flow program in 

CYMDist. The two procedures of this method are illustrated in ,Flávio, et al., 2005. 

 

 2.3  Optimal capacitor placement and sizing 

 The problem is formulated to determine the optimal shunt capacitor size and location in a radial 

distribution network by minimizing the ohmic losses, taking into account cost of the capacitor. 

At the same time, the choice is restricted by electric network constraints. The sizes of capacitor 

banks are given by standard size, which makes the set of solutions to be discrete, ,Héctor, 2013. 

For simplicity, the operation and maintenance cost of the capacitor placed in the distribution 

system is not taken into consideration. 

Capacitor placement routine exists in CYMDist module, the routine performs single objective 

optimization (either Ploss or ΔV). 

 

Subject to The Following Constraints: 

Bus Voltage Limits: The bus voltage magnitudes are to be kept within acceptable operating 

limits throughout the optimization process: 

 

      |  |                                                 (5) 

 

Where:       Lower bus voltage limit;       Upper bus voltage limit; |  |  rms value of the ith 

bus voltage. 
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The Line Current (I), should be less than the line rated current (Irated). 

 

                                                            (6) 

 

Power-Conservation Limit: The algebraic sum of all incoming and outgoing power including 

line losses over the whole distribution network should be equal to zero: 

 

   ∑   
 
                                          (7) 

 

Where: PG power generation, PD power demand; Plt  total power losses 

The Number and Sizes of Permissible Capacitor Banks Constraint: 

The number of capacitor banks can be expressed to satisfy the following expression: 

            

                                                  (8) 

 

Where: Qc  kVAr obtained from the capacitor bank; Qt  total reactive power flow required; m  

total number of capacitor banks. 

The capacitor placement method determines the optimal sizes and placements of the capacitors 

that minimize the objective function and satisfy constraints. 

 

3. FORWARD/BACKWARD SWEEP LOAD FLOW OF DISTRIBUTION SYSTEMS 

(Ladder Iterative Technique)  

The backward-forward sweep method is an iterative means to solve the load flow equations of 

radial distribution networks which has two steps. The backward sweep, which updates currents 

using Kirchoff’s Current Law (KCL), and the forward sweep, which updates voltage using 

voltage drop calculations, ,William, 2002. The voltage magnitude and phase angle of the source 

should to be specified. Also the complex values of load demands at each node along the feeder 

should be known, ,Manas, 2014. 

 

4. COST OF ENERGY LOSSES 

To calculate the annual cost of system losses, the built-in loss factor formula in CYMDist is used 

(eq. 9). The loss factor (Lfls) is an expression of the real power loss over a given period of time at 

a given loading condition. 

 

                              (9) 

Where, A is a constant for distribution network and taken occasionally as 0.15 for distribution 

system ,Meghana, 2011., LDF is the load factor.  

The following empirical formula is used to estimate the annual cost of active power losses after a 

load flow simulation, ,Sarwar, et al., 2012. 

 

                                        (10)                                                                                                                             

Where: 

Ploss max: power loss at the peak load power (kW); Lfls: loss factor 

T: time interval (h); C: tariff cost ($)  

For reactive power compensation, the cost includes the cost of power loss and the investment 

cost of capacitor placement. The maximum capacitor size Qmax should not exceed the total 

reactive loads. The annual cost equation will be, ,Divya, and Siva, 2013. 
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                                   (11) 

 

Where: Q: Capacitor size (kVAr); K: Cost of capacitor size ($/kVAr) 

j=1, 2… k represents the selected buses. 

 

5. CYMDist SOFTWARE 

CYMDist is a windows-based primary distribution analysis software available from CYME Inc, 

Canada. It is an advanced engineering tool that used for planning studies and simulating the 

behavior of electrical distribution networks in its present or future state under different operating 

conditions and scenarios. Analytical capabilities of the CYME software fully support any type of 

simulation, the graphical representation of network components can represented schematically or 

geographically, ,CYME Reference, Manual. 

 

a. Types of Loads Identified by CYMDist 

Distributed loads are the “normal” loads in the system, while Spot loads are often representing 

predictable and substantially large loads, such as industrial customers. 

In Iraq, loads are usually represented by spot load type, which often placed at the center of 

sections [MOE]. 

 

b. Network Modeling  

The modeling process begins with acquiring all the input data required for the modeling, and the 

combined processed data are entered or imported from GIS software into CYMDist to create the 

distribution system model, with the single line diagram automatically generated. 

 

c. Types of Analysis Features in CYMDist 

The voltage drop calculation technique in CYMDist is an iterative technique that is specifically 

designed and optimized for radial or weakly meshed networks.  

In this thesis, the studied networks are analyzed based on voltage drop analysis. 

 

i. Load Allocation Methods 

CYMDist provides four load allocation methods among these methods the connected 

kVA load allocation method is the one used in this work. 

 

ii. Load Flow Analysis in CYME: 

The backward-forward sweep method, also known as the ladder methodology, is used by 

the iterative software in CYMDist to compute the branch currents. 

 

iii. CYMDist_SOM (Switching Optimization) 
The module can determine the optimal location of the tie points by suggesting new 

locations or recommending new switching schemes for existing devices to achieve optimal 

network topologies. 
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6. THE PROPOSED PLANNING METHOD 

The proposed planning method in this work is illustrated by the flow chart in Fig.1. 

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow chart representing the proposed planning method using CYMDist software. 

 

7. CASE STUDY and RESULTS 

The proposed analysis is implemented, using the CYMDist 4.5 (Rev.6) software, on Al_Bayaa 

distribution network in Baghdad city. The capacity of Al_Bayaa (33/11 kV) substation is (2*31.5 

MVA), which is fed by two 33kV feeders from Al-Jazayr and Al-Dora expansion substations 

(132/33/11 kV). There are Fourteen (11 kV) feeders outgoing from Al_Bayaa substation serving 

a large area of mixed residential, commercial, and industrial loads. Only four feeders are 

considered in this work. 
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a. Al_Bayaa Distribution Network 

Al_Bayaa network is rated at 11 kV, base MVA =100, and frequency of 50 Hz with (151) line 

sections, (145) buses, and six tie switches. The schematic diagram of Al_Bayaa system by 

CYMDist is shown in Fig.2. The load for Al_Bayaa feeders is mixed, approximately 94% 

residential and 6% commercial. 

The load duration curve for the years of planning horizon is divided to three load levels (high, 

medium and low) as shown in Table 1. 

 

Table 1. Load duration curve of Al_Bayaa substation [MOE]. 

Load (%) 100 70 40 

Time of loading (%) 33 52 15 

Duration (h) 2891 4555 1314 

 

The modeling of Al_Bayaa network is based on the actual coordination’s of the secondary 

distribution transformers. This coordination’s are taken from Iraqi ministry of electricity 

depending on the global positioning system (GPS). The coordinates are entered to the CYMDist 

module as x and y coordinates for the nodes (buses) to build the model and specify the actual 

length of the network sections. 

Before starting, some assumptions are made in this work: 

 Balance voltage drop iterative method is used, the maximum number of iterations are 40 

for load flow and the convergence error (dv) to be 0.01%. 

 Tariff cost (cost of electrical energy) is 0.1 $/kWh according to Iraqi ministry of 

electricity. 

 Voltage limitation is set to 5% over the voltage rating, or 5% under voltage rating.  

 The objective functions of the switching optimization and capacitor placement are to 

minimize kW losses, for the average peak demand for the last year of planning horizon. 

 The entire feeders load factor for the selected networks in this thesis is equal to 65%. 

 The effect of harmonics is ignored. 

 All the loads have the same power factor. 

 The Stability is ignored. 

 The basic distribution infrastructure and characteristics will remain as they are today. 

By using the connected kVA method with (dv= 0.01%) tolerance for accuracy, loads are 

distributed in all sections for each phase depending on the current values at the head of each 

feeder and the secondary (11/0.4 kV) (Delta- Grounded wye) transformer capacities are as 

shown in Table 2a. and Table 2b. 

 

Table 2a. The current at the top head of each feeder of Al_Bayaa network. 

Top head feeder Current / phase (A) P.F (%) 

Bayaa_7 240 80 

Bayaa_8 200 80 

Bayaa_11 220 80 

Bayaa_12 170 80 
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Table 2b.  Secondary transformer capacities of Al_Bayaa network. 

Spot load number Transformer 

capacity (kVA) 

2, 3, 6, 11, 26, 27, 30, 31, 32, 34, 36, 37, 40, 41, 43, 46, 48, 49, 50, 56, 59, 

63, 64, 68, 69, 71, 78, 82, 85, 88, 89, 91, 94, 95, 96, 97, 107, 111, 112, 113, 

115, 117, 118, 120, 121, 125, 128, 130, 132, 134, 149. 

 

250 

4, 7, 8, 9, 12, 13, 14, 18, 19, 20, 21, 22, 23, 25, 29, 35, 38, 54, 58, 60, 67, 73, 

84, 87, 90, 92, 98, 101, 102, 105, 109, 110, 123, 126, 138, 142, 144, 150. 

400 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Initial configuration of Al_Bayaa network. 

Before applying the short term planning to the existing network, it must be analyzed using load 

flow. Load growth analysis should be applied to the network in order to examine its 

consolidation and efficiency to yearly load growth. The network is assessed with the percentage 

annual load growth rate for the next 5 years (2013-2017) as shown in Fig. 3.  
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Figure 3. Load growth of the feeders of Al_Bayaa network. 

 

There are 5 sections that operate in overloaded condition as shown in Fig.4. (All calculations are 

done for the last year of the planning horizon and for peak load only). 

 
Figure 4. Abnormal conditions after load growth for Al_Bayaa network. 

 

The simulation results listed in Table 3. shows that the initial system real power losses after load 

growth for all feeders were 269.36 kW. Applying the switching optimization technique to 

minimize losses and to distribute loads on a regular basis among feeders, the final power loss 

after reconfiguration became 229.29 kW, so the total reduction in power losses after 

reconfiguration became 40.07 kW (14.87 % of its initial value). The optimal configuration is 

shown in Fig.5. Table 4. shows the switching operation modes during system reconfiguration. 
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After applying the load flow, it is obvious that the network is still operating under abnormal 

conditions (5 sections are operating under overloaded conditions as shown in Fig. 6. Therefore, 

reactive power compensation can be the solution to this problem by increasing the capacity of 

these feeders. Optimal locations of capacitors are shown in Fig.7 and Table 5. gives the optimal 

of capacitor placement and sizing. Table 3. gives the voltage drop before and after load growth, 

switching optimization and kVAr compensation. Table 6. gives the voltage drop summary for all 

feeders, the total system kW losses for all feeders are shown in Fig.8. 

 

Table 3. Voltage drop before and after load growth, after switching optimization and kVAr 

compensation of Al_Bayaa network at peak load. 

Bayaa_7 Total load 

used 

Total adjusted shunt capacitor 

+ total conductor capacitances 
Total 

losses 

Total source 

power 

Before load 

growth 

kW 3605.97 --- 51.84 3657.81 

kVAr 2702.52 0+5.69 46.49 2743.32 

kVA 4506.29 --- 69.64 4572.24 

P.F. 0.8 --- 0.74 0.8 

After load 

growth 

kW 4744.08 --- 90.68 4834.76 

kVAr 3555.49 0+5.67 81.32 3631.14 

kVA 5928.56 --- 121.8 6046.49 

P.F. 0.8 --- 0.74 0.8 

After 

switching 

optimization 

kW 4291.55 --- 69.89 4361.44 

kVAr 3215.07 0+5.47 61.91 3271.51 

kVA 5362.28 --- 93.36 5452.05 

P.F. 0.8 --- 0.74 0.8 

After kVAr 

compensation 

kW 4291.55 --- 44.9 4336.45 

kVAr 3215.07 3086.01+5.49 39.9 163.47 

kVA 5362.28 --- 60.07 4339.53 

P.F. 0.8 --- 0.74 0.99 

Bayaa_8 Total load 

used 

Total adjusted shunt capacitor 

+ total conductor capacitances 
Total 

losses 

Total source 

power 

Before load 

growth 

kW 3025.22 --- 23.16 3048.38 

kVAr 2265.19 0 + 2.69 23.78 2286.27 

kVA 3779.29 --- 33.19 3810.47 

P.F. 0.8 --- 0.69 0.8 

After load 

growth 

kW 4035.19 --- 42.07 4077.26 

kVAr 3021.43 0 + 2.68 43.23 3061.98 

kVA 5041.01 --- 60.32 5099 

P.F. 0.8 --- 0.69 0.8 

After 

switching 

optimization 

kW 4117.04 --- 52.52 4169.57 

kVAr 3083.26 0 + 2.63 54.56 3135.19 

kVA 5143.59 --- 75.73 5216.77 

P.F. 0.8 --- 0.69 0.8 

After kVAr 

compensation 

kW 4117.04 --- 34.25 4151.29 

kVAr 3083.26 2204.31 + 2.65 35.54 911.84 

kVA 5143.59 --- 49.36 4250.26 

P.F. 0.8 --- 0.69 0.97 
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Table 3 continued 

Bayaa_11 Total load 

used 

Total adjusted shunt 

capacitor + total conductor 

capacitances 

Total 

losses 

Total source 

power 

Before load 

growth 

kW 3286.84 --- 66.43 3353.27 

kVAr 2457.61 0 + 6.46 63.81 2514.96 

kVA 4104.04 --- 92.11 4191.59 

P.F. 0.8 --- 0.72 0.8 

After load 

growth 

kW 4339.6 --- 117.22 4456.82 

kVAr 3244.77 0 + 6.43 112.55 3350.9 

kVA 5418.55 --- 162.5 5576 

P.F. 0.8 --- 0.72 0.8 

After 

switching 

optimization 

kW 4122.84 --- 76.11 4198.95 

kVAr 3083.83 0 + 6.63 69.29 3146.5 

kVA 5148.58 --- 102.93 5247.06 

P.F. 0.8 --- 0.73 0.8 

After kVAr 

compensation 

kW 4125.43 --- 50.02 4175.45 

kVAr 3085.77 2635.49 + 6.66 45.76 489.38 

kVA 5151.81 --- 67.8 4204.03 

P.F. 0.8 --- 0.73 0.99 

Bayaa_12 Total load 

used 

Total adjusted shunt capacitor 

+ total conductor capacitances 
Total 

losses 

Total source 

power 

Before load 

growth 

kW 2580.34 --- 10.8 2591.14 

kVAr 1934.26 0 + 2.32 11.41 1943.35 

kVA 3224.83 --- 15.71 3238.92 

P.F. 0.8 --- 0.68 0.8 

After load 

growth 

kW 3447.68 --- 19.39 3467.07 

kVAr 2584.43 0 + 2.32 20.5 2602.61 

kVA 4308.8 --- 28.21 4335.22 

P.F. 0.8 --- 0.68 0.8 

After 

switching 

optimization 

kW 4038.62 --- 30.77 4069.4 

kVAr 3026.58 0 + 2.4 32.7 3056.87 

kVA 5046.84 --- 44.9 5089.64 

P.F. 0.8 --- 0.68 0.8 

After kVAr 

compensation 

kW 4043.62 --- 20.8 4064.42 

kVAr 3030.32 2224.38 + 2.41 22.12 825.64 

kVA 5053.08 --- 30.36 4147.43 

P.F. 0.8 --- 0.68 0.98 

 

Table 4. Switching operations of Al_Bayaa network. 

Section 

Id 

142 14 103 124 140 51 55 136 61 24 88 102 

Action Close Close Close Close Close Close Open Open Open Open Open Open 

Switch 

Id 

S142 S14 S103 S124 S140 S51 S55 S136 S61 S24 S88 S102 
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Figure 5. Optimal configuration of Al_Bayaa network. 

 

 
Figure 6. Abnormal conditions after applying switching optimization technique of Al_Bayaa 

network. 
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Table 5. Optimal location and size of capacitors for Al_Bayaa network at peak load conditions 

(100% loading). 

Bayaa_7 : P.F corrected to 0.99 

Node Id Cap. kV (L-L) Total capacitors 

(kVAr) 

Loss reduction 

(kW) 

16 11 900 11.3 

14 11 900 7.7 

4 11 1350 0.58 

Total 3150 23.9 

Bayaa_8 : P.F corrected to 0.97 

29 11 900 10.9 

49 11 450 4 

39 11 900 3.1 

Total 2250 18 

Bayaa_11 : P.F corrected to 0.99 

96 11 450 9.5 

85 11 900 10.3 

66 11 1350 5.7 

Total 2700 25.5 

Bayaa_12 : P.F corrected to 0.98 

56 11 900 5.5 

119 11 450 2.4 

115 11 900 1.8 

Total 2250 9.7 

 

 
Figure 7. Optimal capacitor allocations for Al_Bayaa network. 
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Table 6. Summary of results of Al_Bayaa network using CYMDist 

 

Bayaa_8 

Before 

load 

growth 

After load 

growth 

After 

switching 

optimization 

After kVAr 

compensation 

Maximum voltage (p.u.) 1 1 1 1 

Minimum voltage  (p.u.) 0.987 0.983 0.975 0.985 

Total active power loss 

(kW)/phase 

7.72 14.02 17.51 11.42 

Total reactive power loss 

(kVAr)  / phase 

7.93 14.41 18.19 11.85 

Total kW load/phase 1011.5 1350.8 1372.3 1372.3 

Total kVAr load/phase 757 1011 1028 1028 

Total actual kVA 

load/phase 

1264 1688 1715 1715 

 

Bayaa_11 

Before 

load 

growth 

After load 

growth 

After 

switching 

optimization 

After kVAr 

compensation 

Maximum voltage (p.u.) 1 1 1 1 

Minimum voltage  (p.u) 0.972 0.963 0.972 0.981 

Total active power loss 

(kW/phase) 

22.14 39.07 25.37 16.67 

Total reactive power loss 

(kVAr  / phase) 

21.27 37.52 23.1 15.25 

Total kW load/phase 1096.1 1447.5 1377.2 1377.2 

Total kVAr load/phase 820 1082 1030 1030 

Total actual  kVA 

load/phase 

1369 1807 1720 1720 

 

 

 

 

 

 

 

Bayaa_7 

Before 

load 

growth 

After load 

growth 

After 

switching 

optimization 

After kVAr 

compensation 

Maximum voltage (p.u.) 1 1 1 1 

Minimum voltage (p.u.) 0.982 0.976 0.98 0.987 

Total Active power  loss 

(kW)/phase 

17.28 30.23 23.3 14.97 

Total Reactive power loss 

(kVAr)  / phase 

15.5 27.11 20.64 13.3 

Total kW load/phase 1202 1581.4 1430.5 1430.5 

Total kVAr load/phase 901 1185 1072 1072 

Total actual  kVA 

load/phase 

1502 1976 1787 1787 
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Table 6. continued 

 

Bayaa_12 

Before 

load 

growth 

After load 

growth 

After 

switching 

optimization 

After kVAr 

compensation 

Maximum voltage (p.u.) 1 1 1 1 

Minimum voltage (p.u.) 0.993 0.991 0.987 0.992 

Total active power 

loss (kW)  / phase 

3.6 6.46 10.26 6.93 

Total reactive power 

loss (kVAr)  / phase 

3.8 6.83 10.9 7.37 

Total kW load/phase 861.2 1151.3 1350.9 1350.9 

Total kVAr load/phase 646 863 1012 1012 

Total actual  kVA 

load/phase 

1076 1439 1688 1688 

 

 

 

Figure 8. Al_Bayaa system kW losses. 

 

From Table 3. the total system power losses before, after load growth, after switching 

optimization, and after kVAr compensation are 152.23, 269.36, 229.29 and 149.97 kW 

respectively. So the kW saving between the case after load growth and after kVAr compensation 

is 119.39 kW. 
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By using equation (10) and (11), the annual costs of the system losses are shown in Table 7. and 

the total net saving cost of the peak load is 13.7 k$/year. 

 

Table 7. Annual cost of Al_Bayaa system losses (k$/year). 

Feeder 

name 

Feeder load 

factor (%) 

Before 

load 

growth 

After  

load 

growth 

After 

switching 

optimization 

After  

kVAr 

compensation 

Bayaa_7 65 6.84  11.97 9.23 6.54 

Bayaa_8 65 3.06 5.55 6.93 4.96 

Bayaa_11 65 8.77 15.47 10.05 7.16 

Bayaa_12 65 1.43 2.56 4.06 3.19 

Total loss cost (k$) 20.1 35.55 30.27 21.85 

 

Discussion of the results: 

Fig. (9a, b, c, and d) show the bus voltage profile for Al_Bayaa selected feeders before and after 

load growth, after switching optimization and after capacitor placement. It is shown that after 

applying load growth, the overall voltage magnitudes will drop significantly within the specified 

limits. These values are improved after applying switching optimization technique and improved 

more after allocation of capacitors in these feeders so they became closer to 1 p.u. 

 

 
 

Figure 9a. Voltage profile of feeder Al_Bayaa_7. 
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Figure 9b. Voltage profile of feeder Al_Bayaa_8. 

 

 

 
 

 

 Figure 9c. Voltage profile of feeder Al_Bayaa_11. 
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Figure 9d. Voltage profile of feeder Al_Bayaa_12. 

 
Fig.10 shows the behavior of the total downstream reactive power profile with respect 

to distances for Al_Bayaa_7 feeder of each section for the longest path from the 

substation that feed this network to node 21. Fig.10a considers the behavior before 

load growth, Fig.10b considers the behavior after load growth, Fig.10c considers the 

behavior after switching optimization, and Fig.10d considers the behavior after kVAr 

compensation. 

Section 1 (1321 m length) has 914.4 downstream kVAr/phase before compensation; 

this value is increased to 1210 kVAr/phase after load growth (above the maximum 

value). Then the kVAr/phase is reduced to 1091 after applying switching 

optimization. At the final step of the planning after placement of capacitors the 

kVAr/phase became 54.5 and so on for the other sections. The sections that have 

capacitors become a source of reactive power, the overall active and reactive power 

losses will be reduced. The overall P.F. of each feeder is improved as shown in   

Table 3. 

 

Figure 10a.  kVAr profile of Al_Bayaa_7 before load growth. 
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Figure 10b. kVAr profile of Al_Bayaa_7 after load growth. 

 

 
Figure 10c. kVAr profile of Al_Bayaa_7 after switching optimization. 

 

 
Figure 10d. kVAr profile of Al_Bayaa_7 after capacitor placement. 

 

8. CONCLUSIONS 

The results of planning Al_Bayaa distribution network by using CYMDist software 

show clearly the power loss reduction after applying the proposed method by using 

network reconfiguration in sequence with optimal capacitor placement. 
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The network model only needs to be created once; this may satisfy various types of 

simulation analysis required for the distribution network planning. Three simulation 

functions are achieved; load flow, switching optimization and capacitance optimal 

allocation.  

Although, computational time increases with increasing system size, CYMDist 

module gives a very fast execution time even for large scale networks as compared to 

other methods documented in the literature, so it can be used in online distribution 

automation. Also, it gives accurate results depending on the accuracy of the input 

data. 
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NOMENCLATURE 

ri= resistance of branch i, ohm. 

Pi= active power of branch i, kW. 

Qi= reactive power of branch i, kVAr. 

ki= switch status of branch i, dimensionless. 

Vmin.= lower bus voltage limit, kV. 

Vmax.= upper bus voltage limit, kV. 

|  | = rms value of the ith bus voltage, kV. 

                                                  
  
    = maximum active power source, kW. 

    total reactive power load, kVAr.  

  
      maximum reactive power source, kVAr. 

                                                             
PG = power generation, kW. 

PD = power demand, kW. 

Plt = total power losses, kW. 

Qc = reactive power obtained from the capacitor bank, kVAr. 

m = total number of capacitor banks, dimensionless. 

LDF= load factor, dimensionless. 

Ploss max = power loss at the peak load power, kW. 

Lfls =  loss factor, dimensionless. 

T= time interval, hours. 

C= tariff cost, $.  

K= cost of capacitor size, $/kVAr. 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6027502
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6027502
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     ABSTRACT 

This research presents a study in ultra-desulfurization of diesel fuel produced from 

conventional hydro desulfurization process, using oxidation and solvent extraction techniques. 

Dibenzothiophene (DBT) was the organosulfur compound that had been detected in sulfur 

removal. The oxidation process used hydrogen peroxide as an oxidant and acetic acid as 

homogeneous catalyst . The solvent extraction process used acetonitrile (ACN) and N-methyl – 2 

- pyrrolidone (NMP) as  extractants . Also the effect of five parameters (stirring speed :150 , 250 

, 350 , and 450) rpm, temperature (30 , 40 , 45 , and 50) 
o
C, oxidant/simulated diesel fuel ratio 

(0.5 , 0.75 , 1 , and 1.5) , catalyst/oxidant ratio(0.125,0.25,0.5,and0.75) , and solvent/simulated 

diesel fuel ratio(0.5,0.6,0.75,and1) were examined as well as solvent type. The results exhibit 

that the highest removal of sulfur is 98.5% using NMP solvent while it is 95.8% for ACN 

solvent. The set of conditions that show the highest sulfur removal is: stirring speed of 350 rpm , 

temperature 50
o
C , oxidant/simulated diesel fuel ratio 1 , catalyst/oxidant ratio 0.5 , 

solvent/simulated diesel fuel ratio 1. These best conditions were applied upon real diesel fuel 

(produced from Al-Dora refinery)with 1000 ppm sulfur content . It was found that sulfur 

removal was 64.4% using ACN solvent and 75% using NMP solvent. 

 

Key words: ultra-desulfurization ,oxidation and extraction, simulated diesel fuel ,real diesel fuel. 

 

سالت الكبزيج لىقىد الذيشل بىاسطت الاكسذة و الاستخلاص بالمذيب ا  

رغذ فزيذ قاسم الملي   د                                                      ودود طاهز محمذد.   

يذسط                                                                    أعخار يغاػذ           

قغى انهُذعت انكًُُاوَت                                                  نهُذعت انكًُُاوَتقغى ا  

جايؼت بغذاد –جايؼت بغذاد                                            كهُت انهُذعت  –كهُت انهُذعت   

 شيم بهجج عبذ الكزيم العلي

 قغى انهُذعت انكًُُاوَت 

ت بغذادجايؼ –كهُت انهُذعت   

 الخلاصت

 

دساعت فٍ الاصانت فىق انؼادَت نهكبشَج نىقىد انذَضل انُاحج يٍ ػًهُت الاصانت انهُذسوجُُُت انخقهُذَت نهكبشَج قذو هزا انبحث َ

. فٍ أصانت انكبشَج انبُضوثاَىفٍُ انثُائٍ  انكبشَخٍ .حى حخبغ انًشكب انؼضىٌ باعخخذاو حقُُاث الاكغذة والاعخخلاص بانًزَب 

ػًهُت  حًج .شَج ػًهُت الاكغذة باعخخذاو بُشوكغُذ انهُذسوجٍُ كؼايم يؤكغذ وحايض انخهُك كؼايم يغاػذ يخجاَظأج

ُش خًغت ػىايم حأثباَشونُذوٌ كؼايم يغخخهض . أَضا حى بحث -2-يثُم-الاعُخىَاَخشاَم و ٌ الاعخخلاص بانًزَب باعخخذاو

mailto:dr.wadood
mailto:sheam1982@yahoo.com
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(50,و45,40,30؛ دسجت انحشاسة ) قُقتد\( دوسة450, و 350,250,150عشػت انخهظ ) -وهٍ :
o

و ؛َغبت انؼايم 

 (0٫75,0٫5,0٫25, 0٫125ًؤكغذ ) نانؼايم انًغاػذ/ انؼايم ا ؛َغبت (1٫5,1, 0٫75,  0٫5انذَضل ) انًؤكغذ/يشبه وقىد

نت نهكبشَج أظهشث انُخائج اٌ أػهً َغبت اصا كًا حى بحث َىع انًزَب. (1,و0٫75,0٫6,0٫5وَغبت انًزَب/يشبه وقىد انذَضل)

% باعخخذاو يزَب الاعُخىَابخشاَم . اٌ يجًىػت 95٫8بًُُا كاَج  باَشونُذوٌ-2-يثُم -% باعخخذاو يزَب 98٫5ٌهٍ 

50دسجت انحشاسة  ,دقُقت / دوسة 350هً أصانت نهكبشَج هٍ: عشػت انخهظ انظشوف انخٍ أظهشث أػ
 o

,َغبت انؼايم  و

طبقج افضم  .1,َغبت انًزَب/يشبه وقىد انذَضل  0,5نًغاػذ/انؼايم انًؤكغذ ت انؼايم ا,َغب1انًؤكغذ/يشبه وقىد انذَضل 

جضء بانًهُىٌ . وجذ اٌ  1000وانحاوٌ ػهً يحخىي كبشَخٍ  انظشوف ػهً وقىد انذَضل انحقُقٍ)انًُخج فٍ يصفً انذوسة(

              . باَشونُذوٌ-2-يثُم-باعخخذاو يزَب ٌ %75% باعخخذاو يزَب الاعُخىَاَخشاَم و 64٫4َغبت اصانت انكبشَج كاَج 

                                                                                                                                              

.انحقُقٍ  , وقىد انذَضلذَضليشبه وقىد انالاكغذة والاعخخلاص , , هكبشَجفىق انؼادَت ن صانتالا :الزئيسيتالكلماث   

   

1. INTRODUCTION 

The problem of fuel desulfurization has been attracted the researchers' interesting since the early 

time of oil refinery . This was because sulfur compounds have the most damaging effects on the 

equipment using fuel containing such compounds. The phenomenon of acid rain was first studied 

by Likens etal.,Likens,et al.,1972. Over the last decade many limitations were cited to reduce 

sulfur emissions from transportation means,European Directive,2002. Since then the main task 

of the refineries was to produce large yields of valuable products of the least sulfur content. This 

was achieved by hydro desulfurization (HDS) process , Mochida,and Choi,2004 . Because 

sulfur–containing compounds have different reactivities and chemistries , HDS was of limited 

results in reducing sulfur content . Under this context , many researchers have developed 

alternative methods to meet the challenging requirements . This was done through many 

techniques such as: Desulfurization by adsorption , Xiaoliang Ma, et al., 2003 , and Al 

Zubaidy, et al. , 2013 ; Desulfurization by precipitation ,
 
Milenkovic, et al., 1999 , and 

Shiraishi, et al. , 2002; Desulfurization via extraction , Ali, et al., 2009 , and Fa-tang , et al. , 

2012 ; Desulfurization by alkylation , Song, et al., 2002 , and Arias, et al. , 2008  ; 

Desulfurization by selective oxidation (ODS) , Campos-Martin, et al., 2010 
 
, and Ismagilov, et 

al., 2011 .  

This research presents a study of deep desulfurization of diesel fuel by oxidation and solvent 

extraction technique. A detailed parametric study was performed with simulated diesel fuel 

doped with DBT to select the best set of conditions and then on real one. Hydrogen peroxide was 

selected as an oxidant, acetic acid as a homogeneous catalyst .Acetonitrile (ACN) and N-methyl 

-2 -pyrrolidone (NMP) were chosen as solvents. The oxidation and extraction steps were 

conducted once consecutively and other simultaneously. 

 

2. EXPERIMENTAL  WORK 

2.1 Materials  
N-heptane 99.5% purity (Gainland Chemical Company GCC) ; toluene 99% purity (Sigma US); 

hydrogen peroxide 50% (Sigma-Aldrich) ; acetic acid 95% purity (Tetenal UK) ; 

dibenzothiophene 99% (Himedia) ; acetonitrile 98% (Ptromchem.) ; N-methyl – 2 – pyrrolidone 

99% (Himedia). Simulated diesel 200B  n-heptane 80%wt , toluene 20%wt, doped with 1.7242 g 

of DBT for each liter to get a sulfur content of 355 ppm. Real diesel fuel with sulfur content of 

1000 ppm was supplied by Al-Dora refinery . 
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2.2 Equipment 

The experimental apparatus used in this study consisted of a 500-ml glass beaker immersed in a 

water bath (GFL) ; a thermometer (Eintauchtiefe 45 mm) which is inserted into the beaker to 

measure the temperature of the mixture ; mixer (Hiedolph RZR 2021) for stirring the mixture . 

The apparatus is shown in Fig. 1.The following parameters were studied . 

 

2.3 Procedure  
I-Simultaneous Technique: the oxidation and extraction were performed in one single step where 

the oxidation reaction occurred in the presence of a solvent (ACN once and NMP other time) . 

The model fuel , catalyst (acetic acid ) and solvent were added at the required ratios. After the 

mixture  had reached the desired temperature, hydrogen peroxide was added . The mixer stirring 

speed was set at the desired value . After 2 h it was stopped .The mixture was left 24 h in a 250-

ml separating funnel to ensure settling and phase separation . The upper layer (simulated fuel ) 

was then withdrawn and analyzed . 

II-Consecutive Technique : In this technique , the oxidation was performed first and then 

immediately followed by extraction as follows: 

1-The prepared amount of simulated diesel fuel was transferred to the reactor together with the 

desired amount of acetic acid (catalyst ). 

2-Waiting until the mixture reached the desired temperature . 

3-Hydrogen peroxide (oxidant) added to the mixture . 

4-The mixer stirring speed was set on the required value . After 2 h , it was stopped . 

5-The mixture was transferred to a 250-ml separating funnel to allow the separation of phases . 

6-The upper layer (oxidized simulated diesel fuel ) was separated and mixed with certain amount 

of solvent (ACN or NMP) for another 2 h under proper stirring speed . 

7- After the stirring was stopped , the phases were allowed to settle and separate in 24 h. The 

upper layer was withdrawn and analyzed . 

The experiments were conducted according to 2
k
 factorial design. There are four factors that can 

be varied during a single experiment, keeping the others constant according to preliminary 

studying (temperature 50
o
C , stirring speed 350 rpm). These are:  

Solvent type (ACN , NMP ) 

Solvent/model fuel ratio ( 0.5,0.6,0.75, and 1) 

Oxidant/model fuel ratio (0.5,0.75,1, and 1.5 ) 

Catalyst/oxidant ratio (0.125,0.25,0.5, and 0.75) 

 2.4 Test Methods  
1-Pyro-Fluorescence:This analysis was done in Al-Dora refinery using ANTEK 9000 N/S 

analyzer to give sulfur content in the simulated diesel fuel .  

2-X-ray Fluorescence: This analysis was done in the oil training institute using Horiba sulfur –

in-oil analyzer (SLFA-2100) to give sulfur content in real diesel fuel. 
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3. RESULTS and DISCUSSION 

The experimental runs were carried out in two – stage testing, preliminary and main study. The 

first one includes selection of best technique, simultaneous or consecutive and effect of stirring 

speed. The other included detailed study for the best operational conditions to remove 

dibenzothiophene (DBT) from simulated diesel fuel and the real one. This study included effect 

of the temperature, solvent/simulated diesel fuel ratio, H2O2/simulated diesel fuel ratio and acetic 

acid/H2O2 ratio. 

 

 3.1 Preliminary Study 

 Technique selection 

This study included three experiments with different conditions elected from literature and 

preliminary experiments . The results are illustrated in Fig. 2, showing that the outcomes of 

consecutive versus simultaneous oxidation and extraction procedures are almost the same. 

However; simultaneous technique was more attractive to applied. 

 Effect of stirring speed 

The results obtained showing that using stirring speed of 350 rpm gave the highest sulfur 

removal keeping other variables constant (temperature 50 
◦
C, solvent/simulated diesel fuel ratio 

(either acetonitrile or N-methyl-2-pyrrolidone) 1:1, Oxidant / simulated diesel fuel ratio 1:1 and 

catalyst/oxidant ratio 0.5:1). Fig. 3 indicates that the percentage removal of DBT  is increased by 

increasing the stirring speed up to 350 rpm. At this stirring speed, it reached  to 95.8% sulfur 

removal using ACN and 98.5% using NMP .Then the percentage removal became quickly 

impressive and mass transfer limitations were found to be insignificant at higher speeds. 

Therefore; the stirring speed was kept at that value for all next experiments. 

The contact and mixing conditions between the two phases have a great influence on the 

interface transfer and emulsion droplet. At lower mixing speed, there are fewer droplets in the 

emulsion; hence, the reaction rate is low with less contact surface area. Increasing the mixing 

speed leads to the formation of more droplets, more uniform shape resulted in larger surface 

area. Therefore; high mass transfer will be gained and the reaction will be accelerated. However, 

if the mixing speed is too high, whirlpools will be formed in the system, and, in this situation 

mass transfer will be decreased and the reaction will be slowed. These results were in agreement 

with that of  Hang et al., Hang, et al., 2006 . 

 

3.2 Main Study 

 Effect of temperature 

The effect of temperature studied at a range from 30 to 50 
◦
C keeping other variables constant at 

two different conditions according to the experimental design proposed. The first one done at 

(0.5:1 solvent/simulated diesel fuel, 0.5:1 H2O2/simulated diesel ratio and 0.125:1 acetic 

acid/H2O2 ratio) and the other at (1:1 solvent/simulated diesel fuel ratio, 1:1 H2O2/simulated 

diesel fuel ratio and 0.5:1 acetic acid/H2O2 ratio) for 2 h of reaction time.The results of this set 

are illustrated in Figs. 4 and 5.  

When the temperature is increased from 30 
◦
C to 50 

◦
C in the first set of conditions mentioned 

above, sulfur removal is increased from 25.6% to 32.5% for ACN and from 41% to 46.8% for 

NMP. While for the second set of conditions, increasing temperature from 30
◦
C to 50 

◦
C led to 

increase sulfur removal from 87.9% to 95.8 % for ACN and from 94.1% to 98.5% for NMP. 

The factors that influence the removal of DBT were also related to the solubility of DBTO2 in 

the solvent. Sulfur compounds are oxidized to sulfoxides or sulfones. These are highly polar 

compounds, which have high solubility in polar extractants. The results suggested that the 

solubility of DBTO2 in the polar solvent increased with increasing temperature. Beside that 
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increasing temperature decreased the solvent viscosity which played a positive role in sulfur 

removal due to the great effect on their extraction ability. Namely it facilitated mass transfer of 

S-compounds from the oil to the solvents. 

It had been noticed that at higher temperatures (above 50 
◦
C), a solvent miscibility in the model 

fuel phases occurred. This caused losing of solvent. It also caused thermal decomposition of 

H2O2. Therefore, increasing temperature above 50 
◦
C was avoided. 

 These results were in agreement with that of  Hang et al., Hang, et al., 2006 , Ali et al., Ali, et 

al., 2009 ,  and Fa-tang Li et al., Fa-tang , et al., 2012
 
. 

 Effect of oxidant (H2O2)/simulated diesel fuel ratio 

The effect of the ratio of hydrogen peroxide/simulated diesel feul on the sulfur removal was 

found to be a very important parameter due to its effect on the conversion of DBT to DBTO2. 

The results are illustrated in Figs. 6-9 .These results indicate that increasing the ratio of 

(H2O2)/simulated diesel fuel leads to increase sulfur removal. 

The experiments showed that increase the H2O2/simulated diesel fuel ratio from 0.5:1 to 1:1 

leads to increase the sulfur removal from 32.5% to 43.7% for ACN and from 46.8% to 71.3% for 

NMP at operational conditions of 50 
◦
C, solvent/ simulated diesel fuel 0.5:1 and acetic acid/H2O2 

0.125:1. While reducing temperature to 30 
◦
C and keeping the other parameters constant, the 

sulfur removal was increased from 25.6% to 33.5% for ACN and from 41% to 48.1% for NMP. 

This effect was investigated at other conditions: 50 
◦
C, solvent/ simulated diesel fuel 1:1 and 

acetic acid/H2O2 0.5:1, while H2O2/simulated diesel fuel 1:1,  sulfur removal was increased from 

87.8% to 95.8% for ACN and from 91.5% to 98.5% for NMP. While reducing temperature to 30
 

◦
C with the same other conditions, sulfur removal was increased from 75.2% to 87.9% for ACN 

and from 90% to 96.3% for NMP.   

It had been noticed that the sulfur removal reached the highest value at H2O2/simulated diesel 

fuel ratio of 1:1. After that it almost stayed constant, which indicates that this ratio is the best one 

to achieve almost complete DBT conversion into DBTO2 within a reasonable period of time 

(2h). 

In fact, the oxidation efficiency of H2O2 can be affected by several factors, including 

temperature, degree of hindrance of sulfur-containing compounds and catalyst (acetic acid)/H2O2 

ratio. 

Temperature is the most significant factor which suggested an important interaction between 

temperature and H2O2/simulated diesel fuel ratio. At high temperatures (above 50 
◦
C), more 

excess oxidant would be necessary because of the loss of H2O2 due to thermal decomposition. In 

contrast, the water hindrance of H2O2 aqueous solution in desulfurization progress would be 

more significant at temperatures about 50 
◦
C.  

 Effect of acetic acid/H2O2 ratio 

The effect of catalyst (acetic acid) to the oxidizing agent (hydrogen peroxide) was found to be 

one of the important parameters due to its multiple effects on both the conversion of DBT to 

DBTO2 and removal of sulfur content from diesel fuel. 

The results are plotted in Figs. 10-13. These results indicate that increasing the ratio of acetic 

acid/H2O2 from 0.125:1 to 0.5:1 leads to increase sulfur removal from 32.5% to 86.6% for ACN 

and from 46% to 94.9% for NMP at operating conditions of 50 
◦
C, solvent/ simulated diesel fuel 

0.5:1, and H2O2/simulated diesel fuel 0.5:1. Further increase of acetic acid/ H2O2 ratio to 0.75:1 

leads to decrease in sulfur removal to 79.3% and 85% for ACN and NMP, respectively. 

Decreasing the temperature to the value above 30◦C and keeping other conditions constant lead 

to increase in sulfur removal from 25.6% to 52.2% for ACN and from 41% to 60.8% for NMP. 

Then at acetic acid/ H2O2 ratio of 0.75:1, sulfur removal decrease to 47.2% for ACN and to 

55.2% for NMP. 
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The subject has been investigated in other conditions, 50 
◦
C, solvent/ simulated diesel fuel ratio 

1:1, and H2O2/simulated diesel fuel ratio 1:1. The results showed that the sulfur removal 

increases from 35% to 95.8% for ACN and from 65.8% to 98.5% for NMP as acetic acid/H2O2 

ratio increases from 0.125: to 0.5:1. Then sulfur removal decreased to 85.6% for ACN and 89% 

for NMP when the ratio of acetic acid/H2O2 increased further to 0.75:1. 

Again sulfur removal investigated at temperature 30
◦
C, solvent/simulated diesel fuel ratio 1:1, 

H2O2/simulated diesel fuel ratio 1:1. The results of NMP solvent showed that the sulfur removal 

increases from 74.2% to 94.1% then decreases to 86.8% at acetic acid/ H2O2 ratio of 0.75:1, 

while for ACN, it increases from 31.3% to 87.9% then decreases to 80.1%.  

It was concluded from the set of experiments that the optimal ratio of acetic acid/H2O2 is 0.5:1; it 

is not efficient to increase this ratio further more because a decline in DBT conversion would be 

noticed due to a decline in acetic acid dissociation, which is necessary as a catalyst for the sulfur 

oxidation reaction. 

The decline in organic acid dissociation is a result of acid self – dimerization and / or association 

with water. Another factor contributing to this observation is the decline in the availability of the 

proton necessary for peroxide dissociation to yield oxygen which is necessary for sulfur 

oxidation. This decline in proton availability is due to the decreasing in water concentration upon 

adding more organic acid. 

According to our experimental results, the reversible reaction of acetic acid with hydrogen 

peroxide produces peroxyacetic acid as a high active oxidant which can efficiently oxidize DBT 

to respective sulfoxide (DBTO) and then to respective sulfone (DBTO2). That illustrates the 

effect of acetic acid as a catalyst on the oxidation process by increasing the efficiency of 

hydrogen peroxide. With the increase of H2O2 and CH3COOH (to a certain limit), the oxidant 

have more opportunities to react with DBT, and as a result, the sulfur removal increases. 

These results were in agreement with that of Ali et al., Ali, et al., 2009 , and Fa-tang Li et al., 

Fa-tang , etal., 2012. 

*Effect of solvent/simulated diesel fuel ratio 

Although DBT had been converted to DBTDO by oxidation process, the sulfur would not 

completely be removed from the simulated diesel fuel. The basis of using acetonitrile or N-

methyl-2-pyrrolidone as an extraction solvent is that the solubility of DBTO2 in such solvent is 

one order of magnitude higher than that in the simulated diesel fuel. This supports the need of 

adding acetonitrile, N-methyl-2-pyrrolidone or any other suitable solvent. 

The results are illustrated in Figs. 14-17 .These results indicate that increasing the ratio of 

solvent (either ACN or NMP)/simulated diesel fuel leads to increase in sulfur removal. The 

experiments showed that increase the solvent/simulated diesel fuel ratio from 0.5:1 to 1:1 leads 

to increase the sulfur removal from 32.5% to 71.2% for ACN and from 46.8% to 91% for NMP 

at operational conditions of 50 
◦
C, H2O2/simulated diesel fuel ratio of 0.5:1 and acetic acid/ H2O2 

ratio of 0.125:1. While reducing the temperature to 30 
◦
C and keeping the other factors constant 

lead to increase in sulfur removal from 25.6% to 67% for ACN and from 41% to 72% for NMP. 

This effect was investigated at other conditions: 50 
◦
C, H2O2/simulated diesel fuel ratio of 1:1 

and acetic acid/ H2O2 ratio of 0.5:1. Results showed that increasing the ratio of solvent/simulated 

diesel fuel ratio from 0.5:1 to 1:1 leads to increase in sulfur removal from 89.3% to 95.8% for 

ACN and from 95% to 98.5% for NMP. While reducing the temperature to 30 
◦
C showed that the 

percent removal changed from 84.5% 87.9% for ACN and from 88.1% to 94.1% for NMP. 

 From all above, when DBT was converted to its corresponding polar compound (DBTO2) by 

means of oxidation, the capabilities of the tested solvents for sulfur removal enhanced 

significantly.  
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NMP exhibits a notable sulfur removal of 98.5% for DBT because of the similarity – 

intermisicibility theory based on the fact that NMP and DBT contain five-membered ring. 

ACN was appropriate solvent because it is able to extract and dissolve the reaction products and 

exhibits a low surface tension, which facilitate the transfer of products and reagents at the polar-

polar interphase, increasing notably the mass transfer along the interphase. However, ACN is 

partially dissolved in the (polar) fuel phase, then ACN molecules are present in the fuel phase, in 

consequence the final nitrogen concentration in the fuel will increase. To avoid this, a later 

separation unit is mandatory to remove the fraction of ACN transferred to the fuel phase.  

During oxidation/extraction process, DBT was oxidized to its corresponding sulfone (DBTDO) 

by per acetic acid (CH3COOOH) obtained from H2O2 and CH3COOH and then extracted from 

the oil phase into the solvent phase. The decrease in DBT concentration in the solvent promoted 

the extraction process, and the sulfur content in oil phase decreased continuously. Increasing of 

sulfone (polar compound) leads to increase extraction ability of the solvents (due to similar 

polarity). This illustrates the effect of oxidation process on the efficiency of extraction process. It 

was clear that the solvent efficiency was affected by the ratios of oxidant and catalyst. If no 

oxidant was added, sulfur removal would significantly decrease by extraction step only. With 

increasing in oxidant and catalyst, the oxidant had more opportunities to react with DBT, and 

thus the sulfur removal increased. 

The results were in agreement with those of Ali et al., Ali, et al., 2009 , Capel-Sanchez et al.,  

Capel-Sanchez, et al., 2010
 
, and Fa-tang Li et al., Fa-tang , et al., 2012 . 

3.3 Desulfurization of Real Diesel Fuel 

The removal of sulfur content from the real diesel fuel was more difficult than that from the 

simulated diesel fuel because many nitrogen, oxygen, and aromatic compounds exist in actual 

oil. 

Two experiments with best conditions that had been concluded from the set of experiments 

applied on simulated diesel fuel [temperature of 50 
◦
C, solvent/real diesel fuel ratio of 1:1, 

H2O2/real diesel fuel of 1:1, acetic acid/ H2O2 of 0.5:1 and stirring speed of 350 rpm] were 

applied. Results are plotted in Fig. 18 showing that sulfur removal reached to 62.5% and 75% for 

acetonitrile and N-methyl-2-pyrrolidone respectively. 

Another experiments with more severe conditions were conducted to study the behavior of the 

real diesel fuel ( i.e. temperature of 70 
◦
C, stirring speed of 500 rpm, solvent/real diesel fuel of 

2:1, H2O2/real diesel fuel of  2:1 and acetic acid/ H2O2 of 0.5:1). Sulfur removal was almost the 

same for ACN and NMP as shown previously. It is suggested that the reason of remaining sulfur 

removal constant despite of varying the conditions, is due to the presence of nitrogen compounds 

in real diesel fuel beside other types of sulfur compounds that do not react in our process 

technique. 

These results were in agreement with that of Rao et al. , Rao, et al., 2007
 
, and Fa-tang Li 

 
et al. 

, Fa-tang Li, 
 
et al., 2011. 

4. CONCLUSIONS 
- The techniques of consecutive versus simultaneous (oxidation , extraction ) processes are 

almost the same . 

- Simultaneous oxidation / extraction process had the ability to remove almost all the DBT from 

the simulated diesel fuel. 

- The time 2 h was sufficient for converting DBT to DBTDO by oxidation step . 

- The solvent NMP was found to be better for the removal of sulfur than ACN .  
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- The optimum conditions to operate the simultaneous oxidation / extraction are [ stirring speed  

350 rpm , temperature  50 
o
 C , solvent / simulated diesel fuel  1:1 , H2O2/ simulated diesel fuel  

1:1 , acetic acid / oxidant  0.5:1 ] for both NMP and ACN . 

- It is impossible to obtain ultra- desulfurization using extraction process only , nevertheless ; 

using NMP or ACN . 
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ABBREVIATIONS 

 

ACN                       acetonitrile 

DBT                       dibenzothiophene 

DBTDO , DBTO2  dibenzothiophene dioxide 

DBTO                    dibenzothiophene oxide 

HDS                       hydro desulfurization 

NMP                      N-methyl-2-pyrrolidone 

ODS                       desulfurization by selective oxidation 

 

Figure 1.  Schematic diagram of the experimental apparatus. 

1- water bath; 2- glass beaker; 3- mixer; 4- stand. 
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Figure 2. Simultaneous vs. consecutive oxidation/extraction using NMP as extractant. 

 

Figure 3. Sulfur removal versus stirring speed.  

(Operating conditions: 50 
◦
C, 1:1 solvent/simulated diesel fuel ratio, 1:1 H2O2/simulated 

diesel fuel ratio and 0.5:1 acetic acid/H2O2 ratio for 2 h reaction time). 

 

Figure 4. Effect of temperature on DBT removal. 

 (Operating conditions: 0.5:1 solvent/simulated diesel fuel ratio, 0.5:1 H2O2/simulated diesel 

fuel ratio and 0.125:1 acetic acid/H2O2 ratio for 2h reaction time) . 
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Figure 5. Effect of temperature on DBT removal. 

 (Operating conditions: 1:1 solvent/simulated diesel fuel ratio, 1:1 H2O2/simulated diesel fuel 

ratio and 0. 5:1 acetic acid/H2O2 ratio for 2h reaction time) . 

 

  
  

Figure 6. Effect of H2O2/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 50 
◦
C, 0.5:1 solvent/simulated diesel fuel ratio and 0.125:1 acetic 

acid/H2O2 ratio for 2h reaction time). 

 
 

Figure 7. Effect of H2O2/simulated fuel ratio on DBT removal. 

 (Operating conditions: 50 
◦
C, 1:1 solvent/simulated diesel fuel and 0.5:1 acetic acid/H2O2 ratio 

for 2h reaction time).



 

Journal of Engineering Volume   21  February  2015 Number 2 
 

 

98 
 

Figure 8. Effect of H2O2/simulated diesel fuel ratio on DBT removal . 

(Operating conditions: 30 
◦
C, 0.5:1 solvent/simulated diesel fuel ratio and 0.125:1 acetic 

acid/H2O2 ratio for 2h reaction time). 

 

Figure 9. Effect of H2O2/simulated diesel fuel ratio on DBT removal. 

 (Operating conditions: 30 
◦
C, 1:1 solvent/simulated diesel fuel ratio and 0.5:1 acetic acid/H2O2 

ratio for 2h reaction time). 

 

Figure 10. Effect of acetic acid/H2O2 ratio on DBT removal.  

(Operating conditions: 50 
◦
C, 0.5:1 solvent/simulated diesel fuel and 0.5:1 H2O2/simulated diesel 

fuel for 2h reaction time) . 
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Figure 11. Effect of acetic acid/H2O2 ratio on DBT removal.  

(Operating conditions: 50 
◦
C, 1:1 solvent/simulated diesel fuel and 1:1 H2O2/simulated diesel 

fuel for 2h reaction time). 

 

Figure 12. Effect of acetic acid/H2O2 ratio on DBT removal . 

(Operating conditions: 30 
◦
C, 0.5:1 solvent/simulated diesel fuel and 0.5:1 H2O2/simulated diesel 

fuel). 

 

Figure 13. Effect of acetic acid/H2O2 ratio on DBT removal . 

(Operating conditions: 30
◦
C, 1:1 solvent/simulated diesel fuel and 1:1 H2O2/simulated diesel 

fuel). 
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Figure 14. Effect of solvent/simulated diesel fuel ratio on DBT removal.  

(Operating conditions: 50
◦
C, 0.5:1 H2O2/simulated diesel fuel ratio 0.125:1 and acetic acid/ 

H2O2) . 

 

 

Figure 15. Effect of solvent/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 50
◦
C, 1:1 H2O2/simulated diesel fuel ratio and 0.5:1 acetic acid/ H2O2 

ratio). 
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Figure 16. Effect of solvent/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 30
◦
C, 0.5:1 H2O2/simulated diesel fuel ratio and 0.125:1 acetic 

acid/H2O2).  

 

 

Figure 17. Effect of solvent/simulated diesel fuel ratio on DBT removal. 

(Operating conditions: 30 
◦
C, 1:1 H2O2/simulated diesel fuel ratio and 0.5:1 acetic acid/ H2O2). 
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Figure 18. sulfur removal from real diesel fuel. 

(Operating conditions: 50 
◦
C, stirring speed 350 rpm, 1:1 solvent/real diesel fuel ratio, 1:1 

H2O2/real diesel fuel ratio and 0.5:1 acetic acid/H2O2 ratio for 2h reaction time). 
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ABSTRACT 

Applications of nonlinear, time variant, and variable parameters represent a big 

challenge in a conventional control systems, the control strategy of the fuzzy systems may be 

represents a simple, a robust and an intelligent solution for such applications.  

This paper presents a design of fuzzy control system that consists of three sub controllers; 

a fuzzy temperature controller (FC_T), a fuzzy humidity controller (FC_H) and a ventilation 

control system; to control the complicate environment of the greenhouse (GH) using a proposed 

multi-choice control system approach. However, to reduce the cost of the crop production in the 

GH, the first choice is using the ventilation system to control the temperature and humidity of the 

GH environment according to the external climate if it is possible, if it is not possible then the 

second choice uses the FC_T to actuate the cooling-heating system to control the temperature 

and FC_H to actuate the humidifier-dehumidifier to control the humidity of the GH environment. 

The resultant is a robust, multi choice and multi-mode capability system. The designed system 

reflects the fuzzy system capability to deal with complicated environments and its flexibility to 

use the same design in controlling different applications. 

Key words: fuzzy controller, multi-choice, ventilation. 

 حصوين نظام سيطرة ضبابي هخعذد الاخخياراث للبيج الزجاجي

 قيس سعيذ اسواعيلأ.د. 

 قسم ىندست الحبسببث

 جبمعت بغداد/كلْت اليندست

 قيس جبر صبر الجواري

 قسم ىندست الحبسببث

 كلْت اليندست/جبمعت بغداد

 

 الخلاصت

الخطبْقااابث  اث البااابتامخماث ال,خغْااامة  المتطْااات ًال,خغْااامة ماااك الٌقاااج ح,زاااا ححااادُ كبْااام ببلنسااابت الاااَ ا  ,ااات الساااْطمة 

الخقلْدّااتا اه ىاااتا الخحااادُ تب,ااب ّعاااٌه اكزااام حعقْاادا رناااد اساااخ دامو للسااْطمة رلاااَ اة  ,ااات رباام  ااابعبث اةح اااب  السااالعْت 

الساااْطمة ةاااِ اة  ,ااات المااابببْت تب,اااب حعاااٌه ولاااٌ  بساااْطت  مخْنااات ً كْااات اً المسااالعْتا ماااا جيااات اتااامٍ ةااابه ساااخماحْ ْت 

 ل,زا ىته الخطبْقبثا

ساااْخم ح ااا,ْم   ااابب ساااْطمة مااابببِ ّخعاااٌه ماااا رااامد مساااْطماث  مساااْطم مااابببِ واااماتُ  مساااْطم ةاااِ ىاااتا البحاااذ 

داب   ااابب ساااْطمة لبْاااج الججااابجِ ببساااخ ال,عقااادة لبْئااات المااابببِ للمةٌبااات ً  ااابب ساااْطمة رلاااَ الخيٌّااات  للساااْطمة رلاااَ 

مقخااامت مخعااادد اةتخْااابتاثا رلاااَ اّااات واااب   لخقلْاااا كلاااات ا خااابس ال,حب اااْا ةاااِ البْاااٌث الججبجْااات  ةااابه اً  اتخْااابت ّخ,زاااا 

ةاااِ اساااخ داب   ااابب الخيٌّااات للساااْطمة رلاااَ واااماتة ًتةٌبااات البْاااج الججااابجِ ببةرخ,ااابد رلاااَ ال,ناااب  ال ااابتجِ ا ا كااابه 

الخبمّاااد -لخشاااغْا   ااابب الخدةئاااتالزاااب ِ ّساااخع,ا ال,ساااْطم المااابببِ الحاااماتُ  م,عااااا ًا ا لااام ّعاااا م,عاااا  ةااابه اةتخْااابت

 الخ اْف للسْطمة رلَ المةٌبتا -خشغْا   بب الخمةْبلًال,سْطم المبببِ للمةٌبت للسْطمة رلَ دتجت الحماتة 

ا الن ااابب ةاااِ ا اه ىاااتةاااِ الساااْطمة ًاة ,ااابة اه النخْ ااات الخاااِ حااام الح اااٌ  رلْياااب ىاااِ   ااابب مخاااْا  مخعااادد اةتخْااابتاث

ًممً خاااو ةاااِ اساااخ داب  ااااي الخ ااا,ْم لعااادة ح ااا,ْ,و ّععاااي قببلْااات الن ااابب المااابببِ ةاااِ الخعبماااا ماااك البْئااابث ال,عقااادة 

 حطبْقبثا

 مسْطم مبببِ  مخعدد اةتخْبتاث  الخيٌّتا الكلواث الرئيسيت:
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1. INTRODUCTION 

Traditional control design methods are based on some knowledge, or model, of the dynamic 

system to be controlled. Most of real life dynamic systems are nonlinear, high complex and too 

difficult to derive an accurate mathematical model which is crucial for optimal and successful 

implementation of the control algorithm, Sabri, et al., 2012. 

A new paradigm for nonlinear systems is the fuzzy control approach. It provides a formal 

methodology for simulating and implementing a human’s heuristic knowledge about how to 

control a system. Fuzzy control approach is unique in its ability to utilize both qualitative and 

quantitative information. Qualitative information is gathered from the expert operator strategy 

and from the common knowledge. It has many benefits over traditional controllers in robustness, 

cost and flexibility, Sabri, et al., 2012. 

On the other hand, GH environment is one of the nonlinear complicated systems. Its 

technology depends on providing favorable environment condition to the plants, Sabri, et al., 

2012. 

Different applications have been implemented using the fuzzy logic controller (FC): Chao, et 

al., 2000. A fuzzy logic controller was designed for staged heating and ventilating systems. The 

controller was implemented in two environments, the greenhouse, and the broiler house. The 

input variable is represented by six linguistic terms. The output variable represents the heating 

and cooling stages and it is represented by six linguistic terms, two terms for heating, three terms 

for cooling, and one term for no change state. The defuzzification method is integer center of 

gravity (ICOG), where the value of center of gravity is rounded to the nearest integer, to get 

proper stage value. Isizoh, et al., 2012. A fuzzy logic based-microcontroller was designed to 

control the temperature of an environment by regulating a heater and the speed of a fan. The 

microcontroller receives the environment temperature from a sensor through analogue to digital 

converter (ADC), makes the fuzzy control actions, sends control signals to the fan and heater 

using an output interface device, and displays the controller result temperature using a display 

unit. It was a combination of software and hardware. Saudagar, et al., 2012, a fuzzy PID 

temperature controller for GH was designed by using Atmel's 89C52 microcontroller and 

actuating a cooling-heating system. The inputs to the fuzzy controller are the error which is 

fuzzified to nine triangular membership functions and change in error which is fuzzified to three 

triangular membership functions. The output is fuzzified to six triangular membership functions. 

The input to the PID controller is the error signal added with the output of the fuzzy controller, 

Hasim, and Aras, 2012,a room temperature controller was designed using Matlab fuzzy logic 

toolbox. It was used to control two room parameters, the temperature and the humidity. The 

input signals are setting value of temperature and temperature difference (have five membership 

functions), the measured humidity (three membership functions), feeling mode and mode 

selection. The output signals are the compressor speed (six membership functions), fan speed 

(five membership functions) and operation mode (humidifier or air conditioner), Shome, and 

Ashok, 2012. Two fuzzy controllers was designed to control the steam temperature and water 

level in an electric boiler. The input to the fuzzy temperature controller is fuzzified to six parts, 

while the fuzzy water level controller is fuzzified to four parts. The outputs of the two controllers 

are fuzzified to three parts. The system with the temperature monitoring was implemented by 

using a microcontroller programmed with the fuzzy knowledge base rules, Das, et al., 2013. A 

hardware room temperature and humidity controller was designed using fuzzy logic. The 

controller is a combination of two fuzzy controllers: The first one is the temperature controller to 

control the speed of a heat-fan and cool-fan, taking the room temperature and its difference with 

a user set temperature as input variables; and the other is the humidity controller to control the 
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humidifier and exhaust-fan speed, taking the room temperature and humidity as input variables. 

The temperature controller input variables each of seven linguistic terms. The defuzzification 

method is center of average, Bai, 2013. An adaptive incremental fuzzy PI controller (AIFPI) was 

presented for a heating, ventilation, and air conditioning (HVAC) system. A fuzzy controller was 

used to adapt the gains of a PI controller to overcome different disturbances. It consists of two 

parts, each one contains a fuzzy and PI controller, the first part is used to control the temperature, 

and the second part is used to control the humidity. The fuzzy controller receives and delivers 

two inputs and outputs linguistic variables respectively, each of seven linguistic terms, to 

determine the change in the PI input gains. The change of calculated PI input gains is added to 

the previous values to overcome the disturbance effects. 

However, most of the systems use the ventilation as a single choice cooling-only control 

system where the outer climate permits for such applications for most of the seasons. Other 

applications using a cooling-heating systems without ventilation to control temperature. In Iraq 

climate, ventilation control systems cannot be applicable only for a few months, also; it may be 

useful at the night but it is not at the daytime. Therefore, the multi choice control strategy may 

give a more flexibility with the applications that is designed to operate for all seasons, using the 

low coast ventilation system if it is possible, otherwise use the other systems which are more 

expensive without performing any changes in the GH design structure. 

2. SYSTEM DESCRIPTION  

Three systems will be used to control the temperature and humidity of the GH. They operate 

in a proposed approach that will be called a multi-choice control system approach. These 

systems are: cooling-heating system which is controlled by fuzzy temperature controller, 

humidifier-dehumidifier which is controlled by fuzzy humidity controller and ventilation system 

which is controlled by fuzzy ventilation system. 

However, three modes of operation are suggested to determine the decision making criteria in 

the ventilation system and organize the cooperation of the ventilation with the other two systems 

to provide a desired GH climate.  

3. GH MODEL AND PARAMETERS 

The GH model for the temperature and humidity are derived in Eq. (1) and Eq. (2), Nachidi, et 

al., 2006. with the internal and external GH environment parameters have been given in Table 1, 

Nachidi, et al., 2006. Some parameters were given in Rodríguez, et al., 2010 and, Nachidi, et 

al., 2008. 

  (   )  
  

      
 (                  (     )       (     ))                       (1) 

 

  (   )  
  

      
 (     (     )     (     ))                                        (2) 

4. DESIGN OF FUZZY TEMPERATURE CONTROLLER 

4.1. Signals Definition and Parameters Assignment 

1. Select the internal GH temperature Ta(k), reference temperature Tr(k). 

2. The minimum and maximum reference temperature values are Tmin = 0 and Tmax = 

100. However, although GH temperature do not reach 100 ◦C but the system will be 

examined for a higher ranges.  

3. The normalized error signal is  

 ( )  
  ( )     ( )

         
                                                                   (3) 
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therefor e(k) ∈ (-1,1). 

4. The normalized change in error signal is 

  ( )   ( )     (   )                                                                (4) 

Where ∆e(k) ∈ (-1,1). 

5. The signals e(k) and ∆e(k) are the inputs of the fuzzy controller. 

6. Select the controller output signal U(k) ∈ (-1,1).  

7. The temperature actuator is represented by three states: off (O), Heating (H), and 

Cooling (C). 

8. Select the inputs and output gains ge, gde and gu respectively. Fig. 1 shows the 

Simulink implementation of the closed loop fuzzy temperature controller. 

The normalization of input and output signals of the fuzzy controller gives the ability to 

set and modify the desired operating temperature range with more flexibility and less effort, 

this will generalize the controller application. For example, the change of the operating range 

of the controller from (0, 100) to (-13, 87) can be implemented by setting Tmin = -13 and Tmax 

= 87 without modifying the membership functions parameters. 

4.1 Input Linguistic Variables 

Both e(k) and ∆e(k)  input linguistic variables are fuzzified into seven linguistic terms, 

triangular membership functions as follows 

1. Zero (x; -1/3, 0, 1/3):       (   (
   

 

 

 
 

 
 
  
 
 

 
  

 
 

 

)   )                       

2. Positive Small (x; 0, 1/3, 2/3):        (   (
    

 
 

 
 
  
 
 

 
  

 
 

 
 
)   )         

3. Positive Medium (x; 1/3, 2/3, 1):       (   (
   

 

 
 

 

  
   
 

 

)   )    

4. Positive Big (x; 2/3 ,1, 1):       (   (
   

 

 

 
 

 

   )   )                    

5. Negative Small (x; -2/3, -1/3, 0):       (   (
   

 

 

 
 

 
 
  
    
 

 

)   )      

6. Negative Med (x; -1, -2/3, -1/3):      (   (
    
 

 

  
 
 

 
  

 

 

)   )    

7. Negative Big (x; -1, -1, -2/3):      (   (  
 
 

 
 –  

 

 

 )   )              

where x represents e(k) or ∆e(k). Fig. 2 shows the membership functions for both input 

signals.  

It must be mentioned that PB and NB are open right and open left membership functions. 

 

4.2 Output Linguistic Variable 

The output linguistic variable U(k) is fuzzified into three linguistic terms triangular 

membership function 

1. OFF (U; -0.5, 0, 0.5):      (   (
   

 

 
 

 

  
 

 
  

 

 

)   )                
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2. Heating (U; 0, 0.5, 1):      (   (
 
 

 

  
   
 

 

)   )                   

3. Cooling (U; -1, -0.5, 0):      (   (
   
 

 

  
  
 

 

)   )               

Fig. 3 shows the triangle membership functions for the output signal U(k). 

For simplicity, the signals e(k), ∆e(k), U(k), … will be used as e, ∆e, U, … respectively if 

there is not necessity to use the time sequence (k). Also, for simplicity the unit (◦C) will not 

be mentioned with temperature values. 

4.3 Rule Base 

The total number of rules (R) equals the number of linguistic terms of first input 

linguistic variable times the number of linguistic terms of second input linguistic variable 

(R=7*7=49). Table 2 shows the rule base of the fuzzy temperature controller, where the 

general form of the ith rule base is 

If e is Mei AND ∆e is M∆ei THEN U is oi 

where Mei is membership function of the ith rule in e domain,  M∆ei is membership function 

of the ith rule in ∆e domain and oi is membership function of the ith rule in U domain. 

4.4 Fuzzification 

The min operator will be used to implement the AND operation in the premise part. 

The result of this operation represents the rule certainty. Therefor for the ith rule  

Rule certainty = min (μ
i
j(e), μ

i
k(∆e))                    

Where j and k ∈ (1, 2, …, 7) are the membership functions identifier for e and ∆e 

respectively and μ(.) is the membership functions gradient identified by j or k. 

 

4.5 Defuzzification 

The center of gravity (COG) method is used, experimentally it gives more stable 

response, less oscillation and better performance with wired system. The discrete equation 

of the COG defuzzification is, Passino, and Yurkovich, 1998. 

 

      
∑     
 
   

∑   
 
   

                                                (5) 

 

Where bi and ai are the output membership functions center and area respectively of the ith 

rule in U domain. The Min operator will be used to implement the AND operation in the 

premise part, so depending on the defuzzification definition of the Min operator, the output 

membership function area is a trapezoid area calculated in Eq.(6), Passino, and Yurkovich, 

1998. 

 

   (  
  

 
)                                                          (6) 
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Where w is the base which is the same for each input membership function, then each rule 

certainty h is used to compute the area   using the same equation. The difference of area 

calculation in each rule will be in the value of h.  

5. CLOSED LOOP FUZZY TEMPERATURE CONTROLLER 

Fig. 1 shows the closed loop fuzzy temperature controller with ge =1, gde =1 and gu = 

1000000, Fig. 4 shows the response for different Tr values. 

 

6. DESIGN OF FUZZY HUMIDITY CONTROLLER 

The same temperature controller properties will be used in constructing a fuzzy humidity 

controllers. With ge =1, gde =1 and gu = 1000; Fig. 5 shows the system response for different Hr 

values. 

 

7. DESIGN OF FUZZY VENTILATION CONTROL SYSTEM 

The designed fuzzy temperature controller uses a cooling-heating system to track the desired 

temperature independent of the outer environment temperature. Also, the designed humidity 

controller uses the humidifier-dehumidifier system to track the desired humidity independent of 

the outer environment humidity. 

On the other hand, the ventilation controller uses the outer environment temperature and 

humidity to change the internal environment of the greenhouse, but with conditions. The use of 

ventilation system is proper to reduce the cost of using the cooling-heating system or the 

humidifier-dehumidifier system. 

It is necessary to mention that the ventilation system affects the temperature and humidity at 

the same time, it tries to make the internal temperature and humidity to converge to the external 

values. So, the ventilation may be appropriate for the temperature but not for the humidity or 

vice versa. According to this idea three modes of ventilation operation are suggested.  

The ventilation system represents a cheap and a first choice of the fuzzy control system. 

The other two systems represent an expensive and a second choice. They will be actuated for 

the following cases:- 

1. If it is not possible to reach the desired level by the ventilation system. 

2. When the ventilation system was actuated but it cannot perform more modifications to 

reach the desired level. 

3. After actuating the ventilation system, to handle the steady state level. However after the 

temperature or humidity reaches by ventilation to some percent of the desired value such 

as 1% or 2% and to avoid out of the desired value changes; the heating-cooling or 

humidifier-dehumidifier system will be actuated. 

Design of ventilation control system is implemented in two stages: 

1. Construct of ventilation enable algorithm. 

2. Design of fuzzy ventilation rate controller. 

 

7.1 Operation Modes 

The ventilation system affects both parameters the temperature and the humidity at the 

same time. This will affect the control action of these two parameters to set them to the 

desired values at the same time. However, an operation mode is proposed to handle this case. 

Three mode of operations are proposed as shown in Fig. 6. 
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1. Mode 0: disable the ventilation system, so only the heating-cooling and humidifier-

dehumidifier systems will be actuated in a single-choice approach. 

2. Mode 1: ventilation to change internal temperature to the desired value with negligible 

effect on the humidity. This mode is used when there is not critical effect of 

ventilation on the humidity. 

3. Mode 2: ventilation to change internal humidity to the desired value with negligible 

effect on the temperature. This mode is used when there is not critical effect of 

ventilation on the temperature.  

 

7.2 Ventilation Enable Algorithm 

Using mode 1, there are two cases that determine the use of ventilation (ON or OFF). 

Fig.7.a shows the first case when the outer temperature To is greater than internal 

greenhouse temperature Ta. In this case the reference temperature may be within one of three 

levels Tr1, Tr2 and Tr3. The following steps represent the algorithm of operating the 

ventilation: 

1. If Tr within Tr1 level then  

a-  Set ventilation V to ON.  

b-  Set heating-cooling system energy E to OFF.  

c- When Ta = To set V to OFF and E to ON.  

2. If Tr within Tr2 level then  

a-  Set ventilation V to ON.  

b-  Set heating-cooling system energy E to OFF.  

c- When Ta = Tr set V to OFF and E to ON.  

3. If Tr within Tr3 level then  

a- Set ventilation V to OFF.  

b-  Set heating-cooling system energy E to ON.  

Fig. 7.b shows the second case when the outer temperature To is less than internal 

greenhouse temperature Ta. In this case the reference temperature may be within one of three 

levels Tr1, Tr2 and Tr3. The following steps represent the algorithm of operating the 

ventilation: 

1. If Tr within Tr3 level then  

a-  Set ventilation V to ON.  

b-  Set heating-cooling system energy E to OFF.  

c- When Ta = To set V to OFF and E to ON.  

2. If Tr within Tr2 level then  

a-  Set ventilation V to ON.  

b-  Set heating-cooling system energy E to OFF.  

c- When Ta = Tr set V to OFF and E to ON.  

3. If Tr within Tr1 level then  

a-  Set ventilation V to OFF.  

b-  Set heating-cooling system energy E to ON.  

The same algorithms are used in mode 2 (ventilation to change internal humidity). 

7.3 Design of Fuzzy Ventilation-Rate Controller 

Starting with mode 1, ventilation may produce large overshot if it is of high rate, or it 

could not make the internal greenhouse value to converge to the outer value of the 

temperature if the ventilation rate is below some level. The difference between the outer and 
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the reference (or setting) temperature (OS) will be used as a criteria to determine the proper 

rate, and it represents the input signal to the single input fuzzy controller as follow 

1. The controller input variable OS=| To – Ts |. The absolute value of OS is used to include 

both cases in figures 7.a and 7.b. 

2. OS is normalized, so its range between (0, 1). 

3. The controller output variable V-rate. 

4. V-rate range is between (1, 10). 

5. The input variable is fuzzified into four linguistic terms triangular and trapezoidal 

membership functions 

a-  Small(OS; -0.01, 0, 0.05, 0.1):       (   (
       

     
    

       

     
)   )   

b- Mid(OS; 0.05, 0.1, 0.2):        (   (
        

     
  
       

    
)   )                   

c- Big(OS; 0.1, 0.2, 0.45, 0.5):       (   (
       

    
    

       

     
)   )                  

d- Very Big(OS; 0.45, 0.5, 1, 1.01):       (   (
        

     
    

        

     
)   )                 

Fig. 8 shows the input membership functions of the fuzzy ventilation rate controller. 

6. The output linguistic variable V-rate is fuzzified into four linguistic terms single tone 

membership functions V1, V2, V3 and V10 which are at the values 1, 2, 3, and 10, 

respectively, as shown in Fig. 9. 

7. The rule base contains the following four rules 

R1: IF OS is VB THEN V-rate is is V1. 

R2: IF OS is BG THEN V-rate is is V2. 

R3: IF OS is MD THEN V-rate is is V3. 

R4: IF OS is SM THEN V-rate is is V10. 

8. The defuzzification method that will be used is the center of average  

Sum=VB+BG+MD+SM 

VR1= V1*VB/Sum 

VR2= V2*BG/Sum 

VR3= V3*MD/Sum 

VR4= V10*SM/Sum 

V-rate = VR1+VR2+VR3+VR4 

 

It is necessary to mention that the fuzzy V-rate controller is used when Tr within Tr2 range in 

Figs. 7.a and 7.b, otherwise V-rate will take its maximum value which is 10. 

The same result is used with mode 2, but V-rate is divided by 10 as determined by 

experiment. 

8. MODE SELECTION IMPLEMENTATION AND PUTTING ALL TOGATHAR 

The fuzzy temperature controller FC_T, the fuzzy humidity controller FC_H and the 

ventilation control system are combined together to construct the heart of the overall control 

system. The ventilation system represents point of meting, from which the activity of each 

controller will be decided by implementing the operation mode. 
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9. SIMULATION RESULTS 

Figs. 4 and 5 represent system response for temperature and humidity when M=0, where 

there is no ventilation effect on the system. Figs. 10 and 11 show the ventilation effect on system 

temperature (humidity) for different Tr (Hr) values when M=1 (M=2). In these figures, it is clear 

that different ventilation rates are obtained for different reference values. It must be noticed that 

in Fig. 11, the ventilation rate is multiplied by 10 for clear simulation show. 

 

10. CONCLUSIONS 

1. The important feature of the fuzzy controller, is that its ability to get the appropriate 

response by tuning the input/output gains. The change of input/output gains produces the 

change in the membership functions scale, which can assimilate the large scope of signal 

variation. So during system design steps, the proper response was produced by changing 

the input/output gains to an appropriate values. 

2. Zero steady state error is produced when the fuzzy controller output (U) is treated as 

( U) and added to the previous value. (U(k) = U(k-1) +  U(k)). 

3. A large maximum peak overshot is produced when using a product operation instead of 

minimum operation to implement the AND operator. 

4. A long time of oscillation and more settling time produced when using the Gaussian 

membership function.  

5. The multi-choice control approach may be a good introduction with an environments that 

have different actuation systems based on some application conditions and coast 

requirements. 

6. The multi-choice control strategy with the fuzzy logic controller produces a bit forward 

step in control system applications, the resultant system is robustness, very low steady 

state error and there is no peak overshot that affect system performance. 

 

      REFERENCES 

 Amin, M. S., Mamun, M., Husain, H., and Hashim, F. H., 2011, A Single Core Hardware 

Approach of Fuzzy Temperature Controller, Australian Journal of Basic and Applied 

Sciences, Vol. 5(12), PP. 675-681, ISSN 1991-8178. 

 

 Bai, J., 2013, Development an Adaptive Incremental Fuzzy PI Controller for a HVAC 

System, Int J Compute Commune, ISSN 1841-9836, Vol. 8(5), PP. 654-661. 

 

 Boeri, C., Silva, F. N., Ferreira, J., and Soares, M. S., 2011, Optimized Operating Drying 

Control For Temperature, Relative Humidity And Air Velocity Parameters By Means Of 

Fuzzy Logic Approach, European Drying Conference - EuroDrying'2011 Palma, Balearic 

Island, Spain, 26-28. 

 

 Boobalan, S., Prabhu, K., and Bhaskaran, V. M., 2013, Fuzzy Based Temperature 

Controller for Continuous Stirred Tank Reactor, International Journal of Advanced 

Research in Electrical, Electronics and Instrumentation Engineering Vol. 2, Issue 12. 

 Chao, K., Gates, R. S., and Sigrimis, N., 2000, Fuzzy Logic Controller Design for Staged 

Heating and Ventilating Systems, Transactions of the ASAE, Vol. 43(6), PP. 1885-1894, 

© American Society of Agricultural Engineers 0001-2351 / 00 / 4306-1885. 



Journal of Engineering Volume   21  February  2015 Number 2 
 

 

112 

 

 

 Das, T. K., and Das, Y., 2013, Design of a Room Temperature and Humidity Controller 

Using Fuzzy Logic, AJER, e-ISSN: 2320-0847 p-ISSN: 2320-0936, Vol. 02, Issue-11, PP. 

86-97. 

 

 Habbi, H., Kidouche, M., and Bekhadda, N., 2013, A Fuzzy Supervisory System for 

Improving Temperature Control in an Industrial Gas Processing Unit, International 

Conference on Control, Engineering and Information Technology, Proceedings 

Engineering and Technology, Vol. 3, PP. 17- 19. 

 

 Hasim, N., and Aras, M. S. M., 2012, Intelligent Room Temperature Controller System 

Using MATLAB Fuzzy Logic Toolbox, International Journal of Science and Research, 

Vol. 3, Paper ID: 02014549, Issue 6, ISSN (Online): 2319-7064, Impact Factor (2012): 

3.358. 

 

 Isizoh, A. N., Okide, S. O., Anazia, A. E.,  and Ogu, C.D., 2012, Temperature Control 

System Using Fuzzy Logic Technique, IJARAI, Vol. 1, No. 3. 

 

 Mashhadi, S. K. M., Savzevar, M. Z., and Yekan, J. G. D., 2013, Simulation of 

Temperature Controller for an Injection Mould Machine using Fuzzy Logic, Journal of 

Mathematics and Computer Science, Vol. 7 (2013), PP. 33- 42. 

 

 Mote, T. P., and Lokhande, S. D., 2012, Temperature Control System Using ANFIS, 

International Journal of Soft Computing and Engineering, Vol. 2, Issue 1, ISSN: 2231-

2307. 

 

 Nachidi, M., Benzaouia, A., and Tadeo, F., 2006, Temperature and Humidity Control in 

Greenhouses using the Takagi-Sugeno Fuzzy Model, International Conference on Control 

Applications Munich, Germany. 

 

 Nachidi, M., Rodr´ıguez, F., Tadeo, F., Guzm´an, J. L., and S´anchez, R. G., 2008, 

Modeling and Control of Nocturnal Temperature Inside a Greenhouse Using Takagi-

Sugeno Fuzzy Models, Control 2008, 8
th

 Portuguese Conference on Automatic Control, 

University of Trás-os-Montes and Alto Douro, Vila Real, Portugal. 

 

 Passino, K. M., and Yurkovich, S., 1998 Fuzzy Control, Addison Wesley Longman, Inc. 

 

 Rodríguez, E. F., Kubota, C., Giacomelli, G. A., Tignor, M. E., Wilson, S. B., and 

McMahon, M., 2010, Dynamic Modeling and Simulation of Greenhouse Environments 

under Several Scenarios: A Web-Based Application, Computers and Electronics in 

Agriculture Vol. 70, PP.105–116. 

 

 Sabri, N., S. A. Aljunid, Ahmad, R. B.,  Malek, M. F., Yahya, A., Kamaruddin, R., and 

Salim, M. S., 2012, Smart Prolong Fuzzy Wireless Sensor-Actor Network for 

Agricultural Application, Journal of Information Science and Engineering Vol. 28, PP. 

295- 316. 

 



Journal of Engineering Volume   21  February  2015 Number 2 
 

 

113 

 

 Shome, A., and Ashok, S. D., 2012, Fuzzy Logic Approach for Boiler Temperature & 

Water Level Control, International Journal of Scientific & Engineering Research, Vol. 3, 

Issue 6, ISSN 2229-5518. 

 

 Verma, O. P., and Gupta, H., 2014, Fuzzy Logic Based Water Bath Temperature Control 

System, International Journal of Advanced Research in Computer Science and Software 

Engineering, Vol. 2, PP. 333- 336, Issue 4, ISSN: 2277 128X. 

 

 Zeng, S., Hu, H., Xu, L., and Li, G., 2012, Nonlinear Adaptive PID Control for 

Greenhouse Environment Based on RBF Network, Sensors 12, 5328-5348; doi:10.3390/s 

120505328. 

 

Table 1. List of symbols, values and units of GH parameters. 

Symbol 

 

Description Nominal value 

and unit 

𝜌 specific mass of air, kgdry air m
-3

. 1.2  

Cp specific heat of moist air, Jkg
-1

K
 -1

. 1010 

Ccap,q heat capacity of GH air, Jm
−2

◦C
−1

.  

Ccap,q,v heat capacity per volume unit of GH air, Jm
−3

◦C
−1

.   

Ccap,h volumetric capacity of GH air for humidity, m.  

hT heat transmission coefficient through the GH cover of single layer 

glass, Wm
−2

◦C
−1

, Rodríguez, et al., 2010. 

6.2 

 

hw leakage air exchange through GH cover, m s
−1

. 0.75x10−4  

 

τ heat load coefficient due to solar radiation, dimensionless, Nachidi, 

et al., 2008. 

12.0662 

ts sampling time, second.  0.01 

So outside solar radiation, Wm
−2

. 800 

Ta GH air temperature, ◦C.  

To outside temperature, ◦C.  

wa humidity concentration in GH, kg m
-3

.  

wo outside humidity concentration, kg m
-3

.  

V ventilation rate, m
3
s

−1
m

−2
.  10 

Vg GH volume, m
3
. 45 

Ag soil area of the GH, m
2
. 15 

Eq energy supply by heating system, Wm
−2

.   

Es heat load by solar radiation, Wm
−2

.  

Ev energy exchange by ventilation, Wm
−2

.  

Ec energy exchange by transmission through the cover, Wm
−2

.  

Wh water vapor exchange using humidifier and dehumidifier system, kg 

m
-3

 s
−1

. 

 

Wc water vapor exchange through the cover, kg m
-3

 s
−1

.  

Wv water vapor exchange with outside air by ventilation, kg m
-3

 s
−1

.  
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Table 2. Rule base of 7x7x3 fuzzy controller. 

∆e(k) 

e(k) 

  

PB PM PS ZZ NS NM NB 

 PB O H H H H H H 

PM C O H H H H H 

PS C C O H H H H 

ZZ C C C O H H H 

NS C C C C O H H 

NM C C C C C O H 

NB C C C C C C O 

 

 

 

Figure 1. Simulink implementation of connecting the fuzzy controller of the GH system. 

 

 
Figure 2. Triangular membership functions for input variables e(k) and ∆e(k). 

 

 

Figure 3. Triangular membership function for the output variable U(k). 
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Figure 4. System temperature response where ge = 1, gde =1 and gu = 1000000. 

 

 

Figure 5. System humidity response where ge = 1, gde =1 and gu = 1000. 
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Figure 6. Multi-choice control mechanism. 

 

 

a. To > Ta                                                               b. To < Ta 

Figure 7. The Outer temperature with respect to the internal GH temperature. 
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Figure 8. Input membership functions of the fuzzy ventilation rate controller. 

 

 

Figure 9. Output membership functions of the fuzzy ventilation rate controller. 

 

 

Figure 10. Ventilation effect on system temperature for M=1 and different Tr values. 
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Figure 11. Ventilation effect on system humidity for M=2 and different Hr values. 
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ABTRACT 

  The theoretical analysis depends on the Classical Laminated Plate Theory (CLPT) that is 

based on the Von-K ráman Theory and Kirchhov Hypothesis in the deflection analysis during 

elastic limit as well as the Hooke's laws of calculation the stresses. New function for boundary 

condition is used to solve the forth degree of differential equations which depends on variety 

sources of advanced engineering mathematics. The behavior of composite laminated plates, 

symmetric and anti-symmetric of cross-ply angle, under out-of-plane loads (uniform distributed 

loads) with two different boundary conditions are investigated to obtain the central deflection for 

mid-plane by using the Ritz method. The computer programs is built using Mat lab(R2011a), to 

solve non-linearity effects on the central deflection values of rectangular cross-ply composite 

laminated plates, aspect ratio, stresses, orthotropic factor (E/G) and orientations of fiber. The non-

linear analysis results of (4.74%) for SSSS of   /   /       cross-ply angle plate, (8.77%) for 

CCCC of   /   cross-ply angle plate and (10.83%) for CCCC of   /   /       cross-ply angle 

plate showed a good agreement with Reddy, 1997 results. 

 Comparing between the analytical linear, non-linear and experimental results gave a big 

difference  between linear and non-linear results, while, non-linear showed close results with  

experimental results.  

Key words: non-linear analysis, large deflection, composite laminated plate, classical laminated 

plate theory and Ritz method. 

 حًم الانحناءانعاوانًركبه ن ائحانصفانتحهيم انلاخطي في                                     
 

يحسن عصفىر نفته صادق                     ابتهال عباسد. حيى وسًي                               حاتى رد.   

    هدزض            استاذ هساعد                                                                       

             جاهعة بغداد  -كلية الٌِدسَ     د           جاهعة بغدا -كلية الٌِدسَ          جاهعة بغداد              -كلية الٌِدسَ                              

 

 انخلاصه
التذليل الٌظسي يعتود على  ًظسيىة اليىهيذَ الوسكاىَ الكيسىيكيَ التىد عسىتٌد على  ًظسيىة  ىْى كىازهي ّ س ىيا  كيس ىْ          

 ىىوي دىىدّد الوسًّىىَ ّكىىرل  وىىْاًيي ُىىْج  ىىد دسىىام ادجِادا ياسىىتىدهل دّار جديىىدٍ علىى  الوذىىاّز الوتعاهىىدٍ لذىىل الوعىىادد  

ط الذديىَ بادعتوىاد على  هيىادز هتٌْعىَ  ىد السيا ىيا  الٌِدسىيَ الوتحدهىَيالتذح   ىد التها ليَ هي الدزجَ السابعَ دسى  الرىسّ

سىىلْج اليىىهالخ الهاحيىىَ الوسكاىىَرالوتٌا سٍ ّنيىىس الوتٌا سٍرعذىىل دوىىل ادًذٌىىاش العىىام(الوْش  برىىكل هٌتظن لعرىىس   ىىسّط دديىىَ 

بساهج الذاسْمرهاعيمر لتٌهير دىل اداىاز استىدام ن ع  للذيْر عل  ادشادَ الوسكصيَ  د الوستْي الْسهد باستىدام طسيحة زيتص

دجِىادا  رعاهىل التغىايس عاهىدٍ رًسىاة الهىْر الى  العىس  ر االيخهيَ عل  وين ادشادَ الوسكصيَ  د اليلْاح الهايحيَ الوسكاىَ الوت
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%  للوثال بركل بسيط هىي 4ي7كوا يلد( ًتالج التذليل اليخهد الذاليَ عىتلف عي ًتالج الاذْث السابحَ دليا يّاعجاُا  االوتعاهد 

%  للوثال بحىٍْ هىي 44ي7الجِا  ادزبع اللْح ذّ الهاحا  ادزبع الوتعاهدٍ(صهسدزجَ/عسعيي دزجَ/عسعيي دزجَ/صهس دزجَ  ر (

ذّ  %  للوثاىل بحىٍْ هىي الجِىا  ادزبىع للىْح71ي38الجِا  ادزبىع  للىْح ذّ الهاحتىيي الوتعاهدعيي(صىهس دزجَ/عسىعيي دزجىَ  ّ(

 الهاحا  ادزبع الوتعاهدٍ (صهسدزجَ/عسعيي دزجَ/عسعيي دزجَ/صهس دزجَ ي

ًتالج التذليل الىهد هىي جاًى  ّبىيي ًتىالج   بيي ًتالج التذليل الىهد ّاليخهد ّالعولد ّّجدًا الهازق الكايس عن هحازًة

  ل اليخهد  د التيوين دًِا ادوسم ال  الْاوعي ّالري يدعن ادعتواد عل  ًتالج التذليالتذليل اليخهد ّالعولد هي جاً  اخس  

 التذليل اليخهدر ادشادَ الكايسٍر اليلْاح الهاحيَ الوسكاَر ًظسية اليلْاح الهاحيَ الوسكاَ ّطسيحة زيتصي انكهًات انرئيسيه:

1. INTRODUCTION 

During the last decades, needs for composite materials which contain two or three types of 

materials mixed together homogenously have appeared. 

Composite materials have many advantages such as high strength with low weight compared 

with traditional engineering materials; furthermore, their properties can be controlled during mixing 

of their components to meet the suitable design requirements. When a flat plate subjected to out-of-

plane loads (uniform distributed loads), the real shape of displacement of this plate is nonlinear 

shape, Reddy,1997. 

Huai, and Hui, 1990, based on the Von-Káráman theory of plates and they used double 

Fourier series method to solve the nonlinear bending problems of simply supported symmetric 

laminated cross-ply rectangular plates under combined action of pressure and in-plane load. The 

solution which investigated and satisfies the governing equations and boundary conditions is 

obtained. Singh, et al., 1991, investigated the large deflection bending analysis of anti-symmetric 

rectangular cross-ply plate based on Von-Káráman plate theory is investigated, with one-term 

approximation for the in-plane and transverse displacement, under sinusoidal loading. The presence 

of bending-stretching coupling in such plates resulted in an additional square nonlinear term which 

made the solution load direction dependent, unlike isotropic, orthotropic, symmetric, square anti-

symmetric cross-ply and symmetric and anti-symmetric angle-ply plates. Savithri, and Varadan, 

1993, worked on the non-linear bending analysis of simply supported symmetrically laminated 

orthotropic plates subjected to uniformly distributed load, using an accurate displacement based 

higher-order theory is presented. The non-linear governing equations were solved by the Galerkin 

procedure with the Newton- Raphson method. Numerical given here, based on analytical 

investigation, will be useful for comparison in future. Tanriöver, and Senocak, 2004, discussed a 

large defection analysis of laminated composite plates. Galerkin method along with Newton-

Raphson method was applied to large deflection analysis of laminated composite plates with various 

edge conditions. The Von-Káráman plate theory was utilized and the governing differential 

equations were solved by choosing suitable polynomials as trial functions to approximate the plate 

displacement functions. The solution is compared to that of dynamic relaxation and finite elements. 

A very close agreement had been observed with these approximating methods. In the solution 

process, analytical computation has been done wherever it is possible, analytical-numerical type 

approach has been made for all problems. Nayyar, 2006, examined static and vibration analysis of 

laminated plates were conducted conventional and hierarchical finite element formulation based on 

First-order Shear Deformation Theory (FSDT). The efficiency and accuracy of the developed 

formulation is also established in comparison with approximate solutions based on Ritz-method 

which are also developed for the cases under study. A detailed parametric study has been conducted 
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on various types of laminated plates, in order to investigate the effects of boundary conditions, 

laminate configuration, aspect ratio values and elastic modulus to shear modulus (E/G) ratio. 

Shfrin, et  al, 2008, studied a semi-analytic approach for the geometrically non-linear analysis of 

rectangular laminated plates with general boundary conditions and out-of-plane loads had been 

developed. The solution of non-linear partial differential equations of Von-Káráman plate theory 

has been reduced to an iterative (sequential) solution of a set of non-linear ordinary differential 

equations using multi-term extend Kantorovich method. Various combinations of boundary and 

loading conditions that are beyond the applicability of other semi-analytical methods have been 

considered the convergence, accuracy, and applicability of the proposed approach have been 

demonstrated through the quantitative study of various cases of large deflection non-linear response 

of laminated plates. The semi-analytical method proposed in this paper for the large deflection 

analysis of laminated plates subjected to out-of-plane loading can be further extended for non-linear 

analysis of plates with in-homogenous or mixed boundary conditions. Kim, et al., 2008, performed 

the non- linear structural analysis of higher- aspect- ratio structures. For the high-aspect-ratio 

structures, it is important to understand geometric nonlinearity due to large deflections. To consider 

geometric non- linearity, finite element analysis based on large deflection beam theory were 

introduced. Comparing experimental data and the present nonlinear analysis results, the current 

results were proved to be very accurate for the static and dynamic behaviors for both isotropic and 

anisotropic beams.  Saffari, and Mansouri, 2011, solved non-linear algebraic equations by an 

iterative method, the non-linear equations being linearized by evaluating the non-linear terms with 

the known solution from the preceding iteration. The Newton-Raphson method, which is based on 

the Taylor series expansion and uses the tangent stiffness matrix, had been extensively used to solve 

non-linear problems. A new Newton-Raphson algorithm was developed for analyses involving non-

linear behavior. Nishawala, 2011, studied a thin plate or beam; if the deformation is on the order of 

the thickness and remain elastic, linear theory may not produce accurate results as it does not 

predict the in-plane movement of the member. Therefore, a geometrical nonlinearity, large 

deformation theory is required to account for the inconsistencies. The equation of motion for plates 

with free and clamped edges was derived using model analysis in conjunction with the expansion 

theorem. Theoretical results were compared with a finite element simulation for plates. 

Concluding Remarks: 

            In present work the considered cases are as follows:-  

(a)Wide coverage to cases of static load (uniform distributed load) which is    made of 

materials E-fiber glass and Polyester, multi-layers of cross-ply angle and thickness (4mm) was 

observed. 

(b) Using a new orthogonal shape functions and Ritz method to cover our boundary 

conditions which are not used in previous papers. 

(c) Making a new device for bending test. 
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2. ANALYTICAL SOLUTION (CLASSICAL LAMINATED PLATE THEORY) 

The classical laminated plate theory is an extension of the classical plate theory to composite 

laminates.  In the classical laminated plate theory (CLPT), it is assumed that the Kirchhoff 

hypothesis holds:- 

1. Straight lines perpendicular to the mid surface (i.e. transverse normally) before deformation 

remain straight after deformation. 

2. The transverse normal do not experience elongation (i.e. they are inextensible ) 

3. The transverse normal rotates such that they remain perpendicular to the mid surface after 

deformation. 

The first two assumptions imply that the transverse displacement is independent of the 

transverse (thickness) coordinate and the transverse normal strain εZZ is zero. The third assumption 

results in zero transverse shear strain, γxz=0, γyz =0. Reddy, 1997. 

 

2.1 Displacements: Reddy, 1997 

 (     )    (   )   
   

  
                                                                                                         (1.a) 

 (     )    (   )   
   

  
                                                                                      (1.b) 

(     )    (   )                                                                                                          (1.c) 

        

2.2 Strains: 

 The Von-Káráman strains and the associated plate theory is named the Von-Káráman plate 

theory: Reddy, 1997. 
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 In view of assumption of the classical laminated plate theory, Eq. (2) becomes: 
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2.3 Plane Stress –Reduced Constitutive Relations 

A state of generalized plane stress with respect to the XY-plane is defined to be one in 

which:- 

 

     =   (x,y),   =   (x,y),    =0,ε  =0                                                          (5) 

                                  

 The strain-stress relations of an orthotropic body in plane stress state can be written as: 

  

    [   ]=[   ][ε  ]                                                                                              (6) 

 

 Most laminates are typically thin and experience a plane state of stress. For a lamina in the 

XY-plane, the transverse stress components are     ,     and     . Although these stress components 

are small in comparison to      ,     and   , they can induce failures because fiber-reinforced 

composite laminates are weak in the transverse direction (because the strength providing fibers are 

in the XY-plane). For this reason, the transverse shear stress is not neglected in shear deformation 

theories. However, in most equivalent-single layer theories the transverse normal stress     is 

neglected. Then the constitutive equations must be modified to this account for this fact. Reddy, 

1997. 

The condition     =zero results in following static constitutive equations for       layer that 

is characterized as orthotropic lamina uniform distributed loads Reddy,1997. 

 

      [

   
   
   
]

( )

=  ,   -
( ) [

ε  
ε  
γ
  

]

( )

                                                                          (7)  

 

  Where i,j=1,2,6 ,k the number of layers and   ,   -
( )  are the plane stress-reduced stiffness 

founded by Reddy, 1997. 
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,    = 
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         = 
  

        
,   =                                                                                  (8) 
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  2.4 Equations of Motion 

As noted earlier, the transverse strains (γxz, γyz, εzz ) are identically  zero in the Classical 

Plate Theory. Consequently, the transverse shear stresses ( xz ,  yz ) are zero for a laminate made of 

orthotropic layers if they are computed from the constitutive relations. The transverse normal stress 

 zz is not zero by the constitutive relation because of the Poisson effect. However, all three stress 

components do not enter the formulation because the virtual strain energy of these stresses is zero 

due to the fact that kinematically consistent virtual strains must be zero [see Eq.(9)]: 

     

   ε    ε    ε                                                                                               (9) 

 

 Whether the transverse stresses are accounted for or not in a theory, they are present in 

reality to keep the plane in equilibrium. In addition, these stress components may be specified on 

the boundary. Thus, the transverse stresses do not enter the virtual strain energy expression, but they 

must be accounted for in the boundary condition and equilibrium of forces. 

 Here, the governing equations are derived using the principle of virtual displacement. In the 

derivations, we account for static effects. 

 The static version of the energy is:-   

               

    ∫ ∫ (   )       
  

 

  

 
                                                                                 (10) 

 

Where the virtual strain energy  U (volume integral of    ), the virtual potential virtual  V and the 

virtual  work done by applied forces are given by:- 
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Where    is the distributed force at the bottom (z=
 

 
) of the laminate,    is the distributed force at 

the top (z= 
 

 
). 
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                                                (13) 

                

The quantities (    ,     ,    ) are called the in-plane force resultants, and (    ,     

,    ) are called transverse force resultants All stress resultants are measured per unit length (e.g., 

   and    in N/m and    in N.m/m).  
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[A], [B] and [D] are the common laminate stiffness matrices of membrane stiffness, bending–

membrane coupling stiffness and bending stiffness. For arbitrary laminates, these matrices are 

defined as Reddy, 1997.  
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 2.5 Ritz Method (Energy Method) 

Components of the compatible infinitesimal virtual displacements (u, v, w) must be 

piecewise continuous functions of x, y and z in the interior domain of the body. In addition, they 

should satisfy the geometrically boundary condition of the elastic system and be capable of 

representing all possible displacement patterns. If these admissible displacement functions are 

chosen properly, very good accuracy can be attained. 

According to this theorem, as discussed above, of all displacements that satisfy the boundary 

conditions, those making the total potential energy of the structure a minimum are the sought 

deflections pertinent to the stable equilibrium conditions. 

 

2.6 Boundary Conditions 

In general, the definition of the boundary conditions are procedure to  fix edges the 

elements, plates, as free(F), simply supported(S), clamped(C), built-in or hinged. The boundary 

conditions that are (clamped-clamped-clamped-clamped, for four edges case, CCCC) or mixing two 

or more than of these types (clamped-free-simply supported-free, CFSF). The way of fixing edges 

depend on the application of a structure, plate, dimensions of a structure, the load type and the load 

amount. Robbert M. Jones, 1999. 

(a)Free-edges (F):  

             =      =0;   x x a= y y  =0 

            (b)Simply supported edges (S):  

          w x a y  =0    x x a= y y  =0 

           (c)Clamped edges(C):  

                    w x a y  =0; (
 w

 x)
)|(x=a) =(

 w

 x)
)|(y=b)=0.  

 

 

 

\ 

 

 

                                       



Journal of Engineering Volume   21  February  2015 Number 2 
 

 

126 

 

2.7 Displacement Function 

The behavior of a structure, plate, is different from fixing way to other. In present work, the 

orthogonal arbitrary displacement functions are used to find the exact solution of these cases as 

following:- 

 

1. CCCC boundary condition,Szilard, 2004. 

u(x,y)=(1/4) Amn (1-cos(α x))(1-cos(β)), v(x,y)=(1/4)  mn (1-cos(α x)) (1-cos(β)),  

w(x,y)=(1/4) mn (1-cos(α x)) (1-cos(β))  

 

2. SSSS boundary condition, Szilard,2004. 

u(x,y)=  Amn sin(α x) sin(β y), v(x,y)=   mn sin(α x) sin(β y), w(x,y)=   mn sin(α x) sin(β y)  

3. CCCF boundary condition[Present work] 

u(x,y)= (1/2) Amn (1-cos(α x))(  ).
 n  

 
/ (eβy   )  v(x,y)= (1/2)     (1-cos(α x)) (  ).

 n  

 
/ (eβy  

 )    

w(x,y)= (1/2)  mn (1-cos(α x))(  ).
 n  

 
/ (eβy   )    

4. SSSF boundary condition (Present work): 

u(x,y)=  Amn sin(α x)(  ).
 n  

 
/
eβy, v(x,y)=   mn sin(α x)(  ).

 n  

 
/
eβy, w(x,y)=      sin(α 

x)(  ).
 n  

 
/
eβy 

 

2.8 Analytical Solution 

The solution of  SSSS for E-fiber, Polyester (volume fraction 0.3) for cross-ply angle 

plate(  ,   /   ,   /   /  ,   /   /      ,    /   /  /   )and 

dimensions(0.2*0.2*.004m,0.2*0.1,.004m and 0.2*0.05*.004m).It depends on the last sections as 

follows: 

The load   q(x,y) can be expanded as Fourier series as: 

     p(x, y)= ∑
    

  (    )(    )
     

     sin(
( i  ) x  

a 
) sin(

( j  ) y  

  
)                                                    (15) 

      i, j= ,  , 3…………, and m, n =3(mode shape).     

In the case of uniform distributed load over the surface of plate:        
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The potential energy related with the uniformly distributed load q(x,y) is: 

  
   

    
 ∫ ∫

{
∑ ∑    

   

 
    

   

 
 

 
   

 
    

 ∑ ∑       
   

 
    

   

 
 
   

 
   

} 

 

 

 
      

Strain energy: -   
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For pure bending: -  
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 The displacement functions   of SSSS Boundary condition is:

 (   )  ∑ ∑       
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 By using separation of variables technique as: 

   ( )        α   α  
  

 
 ,   ( )        β   β  

  

 
                                                                        (17) 

Becomes: 

 (   )  ∑ ∑      ( )  ( ) 
 
     

   v(x,y) ∑ ∑      ( )  ( )
 
   

 
               

w(x,y) ∑ ∑      ( )  ( )
 
   

 
                               

The function Xm(x) and Yn(y) are chosen so as to satisfy the boundary conditions. 

Then the strain energy equation for SSSS becomes:- 

  2
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   =constant as follow: 

   =α    (   α    β )
 ,  =α    (   α    β )

 ,  =
α    
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  = αβ   (   α    β )(   α    β ),  =
αβ
    

 
(   α    β )(   α    β ) , 

  =
α β   

 
 (   α    β )(   α    β ) ,  =
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(   α    β ) (   α    β ) , 

  =α    (   α    α    
 β ) 

By using the Ritz method, the coefficients Amn , Bmn  and Cmn  are determined boundary conditions can be 

obtained from :-                 

        From:     
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 Where: 
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=2(  +   ),   =  +   +   ,   =  +   +   ,   =  +  +    

from:            
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 Where: 
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And from                         
  

    
  

  

    
                                                                     

∫ ∫ *
 

 

 

 
       +4   

   +2       +2       +4   
   +     +3   

   +      +3    
   

+2         +2         +4     
   +2         +4    

   +      +3     
   +       +3 

    
    +            +2       }    =∫ ∫ *

 

 

 

 
   +                                                                     (21)     

  Where: 

   =  +   +   ,   =   +   +   ,   =2   ,   =3(  +   +   +   ),   =4(  +  +   +   ),   =

2(  +  +   ),   =3(  +   +   +   ),   =
   

    
       

    

 
      

   

 
 

The set of equations (19), (20) and (21) are solved by using program Mat lab (R2011a)  

2.9 Verification of Case Studies 

         For verifying the solution of present work, we compare our results with those obtained by other 

researchers as shown in Tables (1, 2 and 3) which give good agreement with non-linear results of, Reddy, 

1997.  
 

3. EXPERIMENTAL WORK 
 

 Experimentally, the steps of manufacturing specimens (plates) from E-fiber and Polyester are as 

follows:- 

 1. Taking volume fraction (0.3) from E-fiber   glass and Polyester. 

 2. Connecting fiber coils on the edges of mold. 

 3. Adding the Polyester on fiber coils and move to release bubbles. 

 4. Loading weights on the plates to comprise to thickness (4mm). 

 Finally, the plates are left a while to dry and undergo to three tests: tensile test to find mechanical 

properties of plates, tensile test to find the Poisson’s  ratio and the bending test,50 specimens are manu 
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factored to find the displacement of cross-ply angle plates undergoes to uniform distributed load(0-

8750N/  ) for 10-different boundary conditions. 

3.1 Tensile Test 

Each laminate was oriented in longitudinal, transverse, (45
0
) angle relative to designated (0

0
) 

direction and sample for pure polyester to determine the engineering parameters  ,  ,    . Every samples 

are divided according to dimensions, as set by ASTM Number (D3039/D03039M) as shown in Fig. 1.And 

the sample shape for present study before and after the tensile test. The specimen tensile test is mounted 

vertically in a servo-hydraulic testing machine, and pulled hydraulically with stroke control with large steel 

grips, maximum capacity of tensile machine (50KN) and it occurred in Ministry of scientific search as 

shown: 

3.2 Bending Test 

 The displacement of composite plate under uniform distributed load which can be measured by 

bending device. It measures results for any dimension of plates (length, width and thickness) as shown in 

Fig. 3. 

4. RESULT AND DISCUSSION 

4.1 Analytical Results 
The purpose of the study is to find a theoretical analysis of one of the famous engineering 

applications, as well as to increase precision in the analysis to achieve results closer to reality. By using the 

Ritz method in the analysis of nonlinear deformation in composite plates with dimensions (0.2*0.2*0.004m), 

multi cross-ply angle layers, various boundary conditions and variable of uniform distributed load from       

(0-8750N/m ) to obtain the central deflection of the plate. The non-linear behavior of plates or laminated 

plates begins after (w>0.3h) and the consequent application of theories mathematically complex 

need to be solved by engineering software such as Mat lab (R2011a). The results obtained from 

linear analysis, it can be observed that central deflection increases with increasing load with (10-

100% linearly steps) as well as from layer to others. The results obtained from non-linear analytical 

analysis with different boundary conditions and three values of aspect ratios how that an increasing 

aspect ratio caused decreasing the central deflection with(18.5-27%) for aspect ratio(a/b)=2, and(40-

53%) for aspect ratio(a/b)=4 with relative to aspect ratio(a/b)=1. 

 

4.2 Experimental Results 

The results obtained from non-linear experimental analysis of  two different boundary 

conditions and three values of aspect ratio, it can be observed that same aspect ratios equal to one, 

two and four. 

From the results shown in Tables (1,2 and 3), it can observed that the boundary conditions 

always effect on the central deflections while changing the lamination from symmetric to un-

symmetric may increase the central deflection for aspect ratio as shown in following discussion. 

 

 

4.3 Linear, Non-linear Analytical and Experimental Results 
  For the linear, non-linear analytical and experimental results the plates have a=b=0.2m, 

h=4mm,   =22.049Gpa,   =4.163Gpa,   =1.365Gpa,    =0.334,    =0.063.The results  
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for various techniques, experimental, linear and non-linear analytical results are shown in Figs. (4.a, 

b and c). 

 

4.4. Influence Orthotropic Factor (E/G) on Deflection: 

 In the elasticity law's, the deflection related with modulus of elasticity, from the results we 

proved that analytical and experimental, as shown in Figs. 5.a, b and c, the deflection increased 

when modulus of elasticity decreased, therefore the reinforcement for any composite sections 

depended on the increased modulus of elasticity etc, Fiber, Steel coils or any stiffened material was 

in direction of maximum load. Two of types material, from, Reddy, 1997, with different 

mechanical properties to examine its impact on the results of central deflection for same loads and 

dimensions as shown in Figs. 5 a, b and c. 

 

(a) Material-, Reddy, 1997: 

a=b=0.2m,h=4mm,  =12.605Gpa,  =12.628Gpa,   =2.154Gpa,    =0.2395,    =0.239. 

 

(b)Material-2 (present material):-a = b = 0.2m, h = 4mm,    = 22.049Gpa,   =4.163Gpa 

,G12=1.365Gpa,    =0.334,   =0063. 

 

(c) Material-3, Reddy N.J, 1997: 

a=b=0.2m, h=4mm,   =275.8Gpa,   =6.895Gpa,    =0.6      =0.25,    =6.25E-3. 

 

4.5 Deflection with Boundary Conditions 

In this section, the behavior of cross ply angle plate that exposed to bending distributed load 

of 2-boundary conditions is examined. The maximum value of deflection strongly connected with 

the boundary condition for the plates a = b = 0. 2 m, h = 4 mm,    = 22.049 Gpa,    = 4.163 Gpa, 

   =1.365Gpa,    =0.334,   =0.063 as shown  in Fig.(3.a and b). 

 

4.6 Influence of Aspect Ratio on the Deflection 

 Based on the experimental and theoretical results the effect of aspect ratio non-linearity 

limit(w  .3h) and large deflection limit(w≧ h) for the ten cases of  the boundary conditions are 

discussed and shown in  Figs. 7.a, b, c and d.When the value of b is b ,b/2 or b/4 sameness the 

value of R is R ,R/2 or R/4 respectively. The difference of deflection was nonlinearly when changes 

the value of aspect ratio(R). So, its nonlinearly after changing the boundary conditions. This 

inquiring in all cases which are using in present work increasing or decreasing for plates, 

a=b=.2m,h=4mm,E1=22.049Gpa,E2=4.163Gpa,G12=1.365Gpa,   =0.33,    

4.7 Stress Analysis 

To verify present work results, stresses values in X-and Y-axes (respectively     and    ) 

are compared with those obtained by other researchers, Reddy, 1997 are shown in  Fig. 8.a and b 

for   /    cross-ply angle plate which shows a good agreement. 
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5. CONCLUSION 

 The present analytical investigation is carried out to study non-linear analysis of large 

deflection of rectangular composite plate undergoes to uniform distributed loads for 10-boundary 

conditions. Using Classical Laminated Plate Theory and Ritz method were used to solve the forth 

degree of differential equation and used many shape functions which are changing with the change 

of boundary condition. A new shape function which depends on the behavior of plate subjects' 

uniform distributed load and boundary condition are used. Additionally, experimental program is 

developed to makes the composite plates from E-Fiber glass and Polyester of volume fraction (0.3). 

The following conclusions can be made:- 

 

(a) Mechanical properties for E-Fiber glass and Polyester with volume fraction (0.3) were obtained. 

In addition, composite plates were manufactured and subjected to uniform distributed load to 

find the amount of large deflection. 

(b)The elasticity modulus of composite plate (Fiber-Polyester) increased with increasing the 

Fiberglass coils. Conversely, if underestimated the proportion yarns to less than the value of the 

modulus of elasticity. 

(c)The deflection depends on thickness, width, length of plate, number of layers and orientation of 

plate. 

(d) Comparing between the analytical linear, non-linear and experimental results gave a big 

difference  between linear and non-linear results, while, non-linear showed close results with  

experimental results.  
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NOMENCLATURE 

a =length of plate, X-axis, meter. 

   =coefficients of stretching stiffness matrix of composite plate. 

b=width of plate, Y-axis meter.  

   =coefficients of bending- stretching coupling matrix of composite plate. 

C =clamped edge. 

  =derivative of x, y or z, dimensionless. 

    =coefficients of bending stiffness matrix of composite plate.  

    ℯ  y, ℯ  z=unit vectors in X-,Y- and Z-axes, dimmensionless. 

   (   or    )  modulus of Elasticity in X- xis, GPa. 

   (    or     )=modulus of Elasticity in Y- Axis, GPa. 
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    (    or    )=modulus of Elasticity in XY-axis, GPa. 

F=free edge. 

   =shear modulus in XY-axis, GPa. 

H=thicknesses of plate, meter. 

      …,  ,hk,hk+1=thicknesses of layers, meter. 

Lx, Ly=length of plate in X-, Y- axes, meter. 

m, n=the number of modes in X-, Y-axes, dimensionless. 

   ,    ,   =moment in X-,Y-,XY-axis per length, N.m/m. 

   ,    ,    =force in X-,Y-,XY-axis per length, N/m. 

q(x, y)=function of uniform distributed  load, pressure, N/  . 

   ,    ,    =shear force in X-,Y-,XY- axis per length, N/m. 

R =aspect ratio (a/b), dimensionless. 

   ,  ,  =mid-plane displacement in X-,Y-,Z- axis, meter. 

u(x, y),v(x, y),w(x, y)=function of displacement in X-, Y-,Z-axis. 

U=strain energy ,Joule. 

V=potential energy, Joule. 

W=work done, Joule. 

 = m*π/a ,    . 

β= n*π/b,    . 

π= constant Ratio (22/7), dimensionless.                                         

,    ,    =stress in X-,Y-, XY- axis , MPa. 

ε  = strain in X- axis , dimensionless. 

ε  = strain in Y- axis, dimensionless.  

γ
  

 =shear strain in XY- axis, dimensionless. 
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ε 
  =non-linear strain in X-axis (dim.less). 

ε l= transverse strain when the lamination angle  , dimensionless 

 

  

Figure 1. Shape and dimension of tensile test samples. 

 

Figure 2. Tensile test machine. 

 

    

Figure 3. The mechanism of bending test. 

Glass Container 

Distributed  Weights 

The plate              

Dial Gage         

Stand of Dial Gage 
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Figure 4.a. Comparison of central deflection for 0
0
/90

0
 angle of CCCC B.Cs. 

Figure 4.b. Comparison of central deflection for 0
0
/90

0
/90

0
/0

0
 angle of CCCC B.C. 

Figure 4.c. Comparison of central deflection for 0
0
/90

0
/0

0
/90

0
 angle of CCCC B.Cs. 
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Figure 5.a. Comparison of central deflections of three different materials for   /   /   /  cross-

ply angle plates of  SSSS   B.Cs. 

Figure 5.b. Comparison of central deflections of three different materials for   /   /   /  cross-

ply angle plates of  CCCC BCs. 

Figure 5.c. Comparison of central deflections of three different materials for   /   cross-ply angle 

plates of  CCCC   B.Cs. 
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Figure 6.a. Analytical central deflection of 5-cross-ply angle plates of CCCC B.Cs. 

Figure 6.b. Analytical central deflection of 5-cross-ply angle plates SSSS B.Cs. 

 

Figure 7.a Comparison the effect of aspect ratio on the central deflection of       /   /   for 

CCCC B.Cs. 
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Figure 7.b. Comparison the effect of aspect ratio on the central deflection  of        for  CCCC  

B.Cs. 

Figure 7.c. Comparison the effect of aspect ratio on the central deflection of       /   /   for 

SSSS B.C.s 

Figure 7.d. Comparison the effect of aspect ratio on the central deflection  of        for  SSSS  B.Cs. 
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Figure 8.a. Stress analysis of X-axis  between  Reddy, 1977, and present analytical results for 

  /   of   CCCC B.Cs. 

Figure 8.b. Stress analysis of Y-axis between Reddy, 1977, and present analytical results for 

  /   of    CCCC B.Cs. 
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Table 1. First verification of central deflection between Reddy, 1977, results and present analytical 

results of CCCC,   /   /       cross-ply angle plate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a=b=0.3048m, h=2.4384mm, E1=12.605Gpa, E2=12.628Gpa, 

G12=2.154Gpa,    =0.2395,    =0.239. 

Pressure 

(N/  ) 

Reddy, 

1997 results  

(mm) 

 

Present 

analytical results 

(mm) 

% 

Difference 

1379 0.96 1.00 4 

2758 1.65 1.8 8.33 

4137 2.16 2.4 10.83 

5516 2.55 2.8 8.93 

6895 2.87 3 4.33 

8274 3.15 3.4 7.35 

9653 3.38 3.7 8.65 

11032 3.61 4 9.75 

12411 3.81 4.2 9.28 

13790 4.00 4.40 9.09 
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Table 2. Second verification of central deflection between Reddy, 1997, results and present 

analytical results of SSSS,   /   /       cross-ply angle plate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a=b=0.3048m, h=7.62mm, E1=275.8Gpa, E2=6.895Gpa, G12=0.6E2, 

   =0.25,    =6.25E-3. 

Pressure 

(N/  ) 

Reddy, 

1997 

results 

(mm)
 

Present analytical 

results 

(mm) 

% 

Difference 

6895 3.91 3.70 5.37 

13790 5.70 6.20 8.77 

27580 7.80 8.40 7.69 

41370 9.17 9.70 5.78 

55160 10.24 10.90 6.44 

68950 11.14 11.80 5.92 

82740 11.91 12.70 6.63 

96530 12.6 13.00 3.17 

110320 13.21 13.90 5.22 

124110 13.80 14.50 5.07 
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Table 3. Third verification central deflection between  Reddy, 1997,results and present analytical 

results  CCCC,  /   cross-ply angle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         

 
 

a=b=0.3048m, h=2.4384mm, E1=12.605Gpa, E2=12.628Gpa, G12=2.154Gpa, 

   =0.2395,    =0.239. 

Pressure 

(N/  ) 

Reddy, 

1997, results  

(mm) 

 

Present analytical 

results 

(mm) 

% 

Difference 

1379 1.96 1.98 1.02 

2758 2.53 2.65 4.74 

4137 2.97 3.07 3.36 

5516 3.31 3.42 3.32 

6895 3.58 3.70 3.35 

8274 3.83 3.95 3.13 

9653 4.04 4.18 3.46 

11032 4.23 4.38 3.55 

12411 4.41 4.52 2.50 

13790 4.57 4.68 2.00 
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ABSTRACT 

       The use of composite materials has vastly increased in recent years. Great interest is 

therefore developed in the damage detection of composites using non- destructive test methods. 

Several approaches have been applied to obtain information about the existence and location of 

the faults. This paper used the vibration response of a composite plate to detect and localize 

delamination defect based on the modal analysis. Experiments are conducted to validate the 

developed model. A two-dimensional finite element model for multi-layered composites with 

internal delamination is established. FEM program are built for plates under different boundary 

conditions. Natural frequencies and modal displacements of the intact and damaged multi-layer 

composite plates are subsequently analyzed for various samples. Also, composite plates are 

made for vibration testing and analysis and to comparison of the numerical and experimental 

results, shows good agreement between them. 
 

Key words: composite plate, delamination, frequency response, finite element method, impact 

hummer. 

 

 تحليل الاهتساز للوحة مركبة مع التبطين

 
 نبيل حسن هادي

 استاذ مساعد

جامعة بغداد-كلية الهندسة  

 باسم جميل حمود

 طالب ماجستير

جامعة بغداد–كلية الهندسة 

 

 الخلاصة

 المواد فً عٌبال عن الكشف فً كبٌرا اهتماما مما اجتذب. الأخٌرة السنوات فً كبٌر بشكل المركبة المواد استخدام زاد لقد
وتحدٌد  عٌبوجود ال حول معلومات على للحصول طرق عدة تطبٌق تم وقد.  المدمرة غٌر الاختبار طرق باستخدام المركبة
 وتجرى. التردد الطبٌعً إلى استناداطٌن وتحدٌد موقعة بعن الت للكشف المركبة لوحة الاهتزاز استجابةدام وتم استخ. موقعه

تحتوي على تبطٌن  الطبقات متعددة للمركبات الأبعاد ثنائً انشاء نموذج وتم.  المطور وذجالنم صحة من للتحقق التجارب

 تحلٌل وٌتم. ةحدٌة مختلف ظروف ظل فً مختلفة للوحات باستعمل طرٌقة العناصر المحددة  FEM برنامج ىثم تبن داخلً .

النتائج المطلوبة  للحصول FEMمن برنامج  لتالفةا و سلٌمة الطبقات متعدد مركب لوحاتل وشكل الازاحة الطبٌعٌة الترددات

 جٌد بٌنهما.وبٌنت النتائج تطابق والعملٌة,  العددٌة النتائج مقارنة و وتحلٌل الاهتزاز اختبار إجراء ٌتم ، أٌضا. مختلفة عٌناتل

.صفيحو مركبو ,والاستجابو التردديو, طريقو العناصر المحدده, مطرقو الصدمالكلمات الرئيسية :   
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1. INTRODUCTION 

          Laminated composite plate with reinforced fiber has lighter weight and higher ratios of 

strength and stiffness to weight, therefore it has been widely applied to many aeronautical and 

astronautically structures as well as architecture and light industry products. With the quality 

improvement and occurrence of many new kinds of composite materials, their applications have 

become more and more extensive. However, laminated composite structures are weak in 

withstanding shock and likely to be aging, and some damage, such as delamination and crack, 

may often occur during their usage. These disadvantages will lead to a deterioration of the 

performance and even failure of the composite materials. Any damage in a composite structure 

always starts from a very tiny extent and gradually cumulates to some degree that can arouse 

people’s attention. However, when such damage in a structure reaches a notable level, a serious 

accident will be induced. Obviously, the early discovery of incipient damage and the 

continuously monitoring for the growth and location of damage are the most essential issues in 

automatic damage inspection of in-service composite structures Gobin, et al., 2000.,and 

Takeda, 2000. Delamination can be often pre-existing or generated during service life. For 

example, delamination often occur at stress free edges due to the mismatch of properties at ply 

interfaces and it can also be generated by external forces such as out of plane loading or impact 

during the service life. The existence of delamination not only alters the load carrying capacity 

of the structure, it can also affect its dynamic response. Thus detection and quantification of 

delamination is an important technology that must be addressed for the successful 

implementation and improved reliability of such structures. All types of damages in composite 

structures result in change in stiffness, strength and fatigue properties. Measurement of strength 

or fatigue properties during damage development is not feasible because destructive testing is 

required. However, stiffness reduction due to damage can be measured since damage directly 

affects structural response, which provides a promising method for identifying the occurrence, 

location and extent of the damage from measured structural dynamic characteristics. Existence of 

delamination causes reduction in natural frequencies and increase in vibratory damping. 

Although experimental investigations are often used to study these effects, damage simulation 

using an accurate and efficient modeling technique can be helpful in reducing the number of 

expensive experiments. Modeling and detection of delamination in composite structures has 

primarily been based on first-order shear deformation theory (FSDT), Shen, and Grady, 2000. 

 

2. THEORY 

2.1 Finite Element Formulation 

       A delaminated composite plate of length a, width b and thickness h consisting of n arbitrary 

number of anisotropic layers is considered as shown in Fig. 1. The layer details of the plate are 

shown in Fig. 2. The global coordinate system is considered with respect to the mid-plane of the 

plate with the Z-axis perpendicular to the X-Y plane and θ is the angle of fiber orientation, 

measured anticlockwise with respect to X-axis. In the present investigation, the delaminated 

composite plate is discretized in to a mesh of 5×5 with total 25 elements. An nine nodes two 

dimensional quadratic isoperimetric element having five degrees of freedom (u
0
, v

0
, w

0
, θx, θy) 

per node is chosen. 

 

2.1.1 Displacement field and shape functions  

The displacement field of any point at a distance z from the mid surface is assumed to be in the 

form of: 
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     yxzyxuzyxu x ,,,, 0                                                                                                   (1)  

       

     yxzyxvzyxv y ,,,, 0                                                                                                   (2) 

 

   yxwzyxw ,,, 0                                                                                                                     (3) 

 

      where u, v, w are displacements in the x,y,z directions respectively for any point, u
0
,v

0
 , w

0
 

are those at the middle plane of the plate. θx, θy are the rotations of the cross section normal to 

the y and x axis respectively. The middle plane of the plate is considered as the reference plane 

of the plate. The mid plane strains of the laminate are given by: 

 

yyyzxxxzxyxyyyyxxx wwvuvu ,

0

,

00

,

0

,

00

,

00

,

0 ;;;;                             (4) 

 

Assuming small deformations, the generalized linear in-plane strains of the laminate at a distance 

z from the mid-surface are expressed as: 

 

     Tyzxzxyyyxx

T

yzxzxyyyxx

T

yzxzxyyyxx kkkkkz 00000                 (5) 
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         where ԑ
0

xx, ԑ
0
yy, γ

0
xy  are the mid-plane strains and kxx  kyy  kxy are the curvatures of the 

laminated plate . 

        The element has 4 corner nodes, 4 mid side nodes and mid element node. In the 

displacement model, simple functions are assumed to approximate the displacements for each 

element. For the present isoperimetric element, the shape functions which are used to represent 

the geometry as well as the displacements within the element are expressed by the shape 

functions Ni. 
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1

9

1
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i

xiixii NNwNw                                                                   (6) 

         where xi, yi ,are the co-ordinates of the i
th

 node and ui
0
, vi

0
,wi, θxi, θyi are the displacement 

functions for different nodes. 

Ni for different nodes as shown in Fig. 3 is defined as, 

At corner nodes (i.e. for node 1, 3, 5, 7) 

 

   111
4
1  iiiiiN   

 

At middle nodes (i.e. for nodes 2, 6) 

 

  iiN   11 2

2
1  

 

At middle nodes (i.e. for nodes 4, 8) 

 

  2

2
1 11   iiN  

 

At middle element (i.e. for node 9) 

 

  22

9 11  N  

 

         Where ξ and  are the local isoperimetric co-ordinates of the element and ξi and i are the 

respective values at node i. The correctness of the shape function Ni is checked from the relations 

 

   0,0,1  iii NNN                                                                    (7)   

 

        The derivatives of the shape functions Ni with respect to x and y are expressed in terms of 

their partial derivatives with respect to ξ and  by the relationships: 
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  is the Jacobin matrix. 
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2.1.2 Stress strain relations 

         A micromechanical analysis is carried out to establish the relationship between the forces 

and strains of a laminate. The elastic behavior of each lamina is essentially two dimensional and 

orthotropic in nature. So the elastic constants for the composite lamina. 

 

 2.1.3 Strain displacement relations 

Strain displacement is used throughout the structural analysis. It is used to derive the elastic 

stiffness matrix. 

    The strains are defined as. 
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                                                            (9) 

  

   The strain can be described in term of displacements as 

 

    deB                                                                                                                                (10) 

 

     Where     Twvuwvude 29199992111111    
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2.1.4 Derivation of element matrices 

2.1.4.1 Elastic stiffness matrix 

           The potential energy of deformation for the element is given by 
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Where              ee dBBBdB 981 ...........                                                                           (14)  
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Where the element stiffness matrix 
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[B]  is called the strain displacement matrix. 

 

In Eq. (17)          
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ddJ , is the determinant of the Jacobian matrix. The element stiffness matrix can be 

expressed in local natural co-ordinates of the element. The integration of Eq. (17) is carried out 

using the Gauss quadrature method. 

 

2.1.4.2 Consistent mass matrix 

The consistent element mass matrix [Me] is expressed as: 
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e                                                                                                (18)                                             

 

      Where [N], the shape function matrix and [P], the inertia matrix 
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   Where          
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2.2 Delamination Modeling 

        A simple two dimensional single delamination model proposed by ,Gim C.K.1994. was 

extended by ,Mohammad F.Aly.2010 for the vibration of delaminated composite panels. In the 

present analysis, it is further extended for static and dynamic stability analysis under in-plane 

uniaxial periodic forces by multiple delamination modelling. In order to satisfy the compatibility 

and equilibrium requirements at the common delamination boundary, it is assumed that the in-

plane displacement, transverse displacement and rotation at a common node for all the three 

sublaminates including the original one are identical applying multiple constraint condition at 

any arbitrary delamination boundary. It can be applicable to any general case of a laminated 

composite plate having multiple delamination at any arbitrary location. Here, the delaminated 

area is assumed as the interface of two separate sub laminates bonded together along the 

delamination surface. 

         Typical composite plate of uniform thickness 'h' with 'n' number of layers and 'p' number 

of arbitrarily located delamination is considered for the analysis as shown in Fig. 4. The 

principal material axes of each layer are arbitrarily oriented with respect to the mid-plane of the 

plate as shown in Fig. 5. 

         Considering the sub-laminates as a separate plate, the displacement field within it is 

expressed as: 

 

    yssssxssss zzvvzzuu  0000 ,                                                                                  (20) 

 

          Where 
0

su  and 
0

sv  are the mid-plane displacements of the s
th

 sub-laminate along x and y 

direction and 
0

sz  is distance between mid-plane of s
th

 sub-laminate and the mid-plane of the 

laminate in z direction 

        The mid-plane strains of the sub-laminate are: 
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         From Eq. (21) the strain components within the sub-laminate s can be expressed as: 
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           In order to satisfy the compatibility and equilibrium requirements at the common 

delamination boundary, it is assumed that the in-plane displacements, transverse displacement 

and rotations at a common node for all the three sub-laminates including the original one as 

shown in Fig.6, are identical. Applying multiple constraint condition at any arbitrary 

delamination boundary c, the in-plane displacements at 'c' at a distance 'z' from the mid-plane of 

the laminate can be written as: 

         ycxc zvvzuu   00 ,   

From Eq. (20), the displacement at any point, c is given by: 

 

              yssscxsssc zzvvzzuu  0000 ,            

 

        Equating uc with usc and vc with vsc, the mid-plane displacements of the sub-laminate can be 

expressed in the form of the mid-plane displacements(u
0
, v

0
) of the original un-delaminated 

laminate as, 

 

ysxs ss
zvvzuu  000000 ,                                                                                 (23)      

 

         From Eq. (23), the mid-plane strain components of the s
th

 sub-laminate can be derived as: 
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        The strain components within the sub-laminate can be written as: 
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          For any lamina of s
th

 sub-laminate, the in-plane and shear stresses are found from the 

following relations 
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        Where σxx and σyy are the normal stresses along x and y directions respectively and τxz and τyz 

are the shear stresses in xz, yz planes respectively. 

         Integrating these stresses over the thickness of the sub-laminate, the stress and moment 

resultants of the sub-laminate are derived which lead to the elasticity matrix of the s
th

 sub-

laminate [D]s in the form 
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         [D]s is the elasticity matrix of the s
th

 sub-laminate 
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         The in-plane stress and moment resultants for the s
th

 sub-laminate can be expressed in a 

generalized manner as: 
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Similarly, the transverse shear resultants for the s
th

 sub-laminate are presented as 
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          After finding the elastic stiffness matrices separately for different sub-laminates along the 

thickness, the sum of all the sub-laminate stiffness’s represents the resultant stiffness matrix. 

 

2.3 Characteristics of the Reinforcement-Matrix Mixture 

         The mechanical properties of constituents of the test specimens, E-glass woven roving 

fibers and polyester matrix are listed in Table 1.  

The material elastic properties of the lamina of test specimens are determined 

experimentally. These properties are Young’s moduli (E1 – in direction 1, E2 – in direction 2, E3 

– in direction 3), Poisson’s ratios ( 12 , 13 , and 23 ), in plane shear modulus (G12) and 

transverse shear moduli (G13 and G23). This figure defines the material principle axes for a 

typical woven fiber reinforced lamina. Axis 1 is along the fiber length and represents the 

longitudinal direction of the lamina; axes 2 and 3 represent the transverse in-plane and through 

the thickness directions respectively. 

Some of the elastic constants of the woven fabric composite material are experimentally 

estimated (E1, E2, 12 ). The others are estimated by using the relations which are based on 

elastic constants of the unidirectional specimens. Young’s modulus and the  Poisson’s ratio of 

the fill and warp directions are calculated by using the three-point bending test, and the interface 

strain meter is to calculate the Poisson ratio ( 12 )  from a program using the computer. 

 

2.3.1 Unidirectional ply 

        The elastic constants of the unidirectional composite are calculated using the simple rule of 

mixtures by the relations of Eq. (31), Metin Aydogdu. 2007. and the results are listed in Table 

2. 
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       Where indices m and f denote matrix and fiber, respectively. 

 

2.3.2 Woven fabrics 

       The elastic constants of the woven fabric composite material are estimated by using the 

tensile test device and the relation of Eq. (32) D.Gay etal.2003 and the results are listed in Table 

3.  

 One is called the warp and,  

 The other is called the fill (or weft) direction.  

      The fibers are woven together, which means the fill yarns pass over and under the warp 

yarns, following a fixed pattern. Fig. 7 shows a plain weave where each fill goes over a warp 

yarn then under a warp yarn and so on. 
      The fabric layer is replaced by one single anisotropic layer, x being along the warp direction 

and y along the fill direction (see Fig. 7). One can therefore obtain D.Gay etal.2003. 
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        Where  
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1

nn

n
k


  , n1=number of warp yarns per meter, n2= number of fill yarns per 

meter. And, E1w, E2w ,G12w , and w12  are mechanical properties of woven fabrics in 1 and 2-

directions; and E1, E2, G12, G23, 12 , and v23 as in Eq. (31). 

       The stiffness obtained with a woven fabric is less than what is observed if one were to 

superpose two cross plies of unidirectional. This is due to the curvature of the fibers during the 

weaving operation. This curvature makes the woven fabric more deformable than the two cross 
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plies when subjected to the same loading. (There exist fabrics that are of “high modulus” where 

the unidirectional layers are not connected with each other by weaving. The unidirectional plies 

are held together by stitching fine threads of glass or polymer). 

 

2.4 Modeling Assumptions 

       In this study, 8-layer Glass fiber Polyester resin laminated rectangular composite plates 

(325×325 mm
2
) with a total thickness of 4 mm are examined. 

      The ply orientations are (0,90,0,90,0,90,0,90); the material constants are shown in Table 1. 

      Three plates are considered including an intact plate (plate A) and two damaged plates B and 

C. Plates B & C have delamination at Fig. 8 in mid-plane with the size 50×50 mm; plate 

.Coordinates x and y are measured from the corner of the plate as the origin. 

 

3. RESULTS 
3.1 Delamination Effects on Natural Frequencies 

      In the present investigation, both the numerical computation and experimental study are 

carried out for an eight-layered [0/90]4 woven glass fiber/polyester resin composite plate. The 

geometrical dimensions of the woven composite plates are: length, a =350 mm width, b = 350 

mm, thickness, h = 3.25 mm. The material properties of the woven glass fiber/polyester resin 

composite plates are considered as given in Table 3. Square size delamination was introduced at 

the mid-plane as shown in Fig. 8. In this study, the effects of delamination area, boundary 

conditions, fiber orientations and number of layers on the natural frequencies are investigated. 

        Tables 4, 5, 6 and 7 give a comparison of the first five frequencies which is between 

experimental work and numerical work of the four woven laminated plate with different 

boundary conditions .These tables show good (harmonies) agreements at the first mode obtained 

between experimental  and numerical works. The deviations for the numerical results and the 

experimental method are due to some possible measurement errors that can be pointed out such 

factors as: measurement noise, different positions of the accelerometers and their mass, non-

uniformity in specimens’ properties (voids, variations in thickness, non-uniform surface 

finishing). Such factors are not taken into account during the numerical analysis, since the model 

considers the specimen perfect entirely with homogeneous properties, which rarely occurs in the 

practice. Another aspect has to be considered is that the input properties in the model came from 

the application of the rule of mixture and it does not take into account the effects of fiber matrix 

interface as well as the irregular distribution of resin on the fibers. Also, the computational 

numerical program does not allow for the consideration of fibers interweaving presented in the 

fabric use. 

 
3.2 Delamination Effects on Mode Shapes 

      The results of FEM analysis show the delamination regions clearly Fig. 9. The conducted 

analysis demonstrates that the delamination-induced changes of plate parameters mode 

 

3.3 Effect of Number of Layer 

Table 8 shows the effect of the number of layer (with the same thickness) on natural frequency 

with four boundary condition all sides clamped (CCCC), all sides simple supported (SSSS), 

cantilever plate (CFFF) and all sides free (FFFF), under step uniform dynamic loading. For 

(CCCC), shows the effect of the number of layer the natural frequency decreases with the 

increase number of layer from(1 to 2)  with a decreasing percentage (0.88 %), increase when 
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number of layer increases from (2 to 3) with a percentage of (0.85 %), decreases with the 

increase number of layer from(3 to 4)  with a decreasing percentage of (0.54 %), increase when 

number of layer increase from (4 to 5) with percentage (0.38 %), decreases with the increase 

number of layer from(5 to 6)  with decreasing percentage (0.32 %), increase when number of 

layer increase from (6to 7) with percentage (0.25 %), decreases with the increase number of 

layer from(7 to 8)  with decreasing percentage (0.23 %), for (SSSS), shows the effect of the 

number of layer the frequency response increases with the increase number of layer from(1 to 2)  

with percentage (4.67 %), decreases when number of layer increase from (2 to 3) with decreasing 

percentage (4.06 %), increases with the increase number of layer from(3 to 4)  with percentage 

(4.91 %), decreases when number of layer increase from (4 to 5) with decreasing percentage 

(2.83 %), increases with the increase number of layer from(5 to 6)  with percentage (3.04 %), 

decreases when number of layer increase from (6 to 7) with decreasing percentage (2.10 %), 

increase with the increase number of layer from(7 to 8)  with percentage (2.18 %), for (CFFF), 

show the effect of the number of layer the frequency response decreases with the increase 

number of layer from(1 to 2)  with decreasing percentage (7.25 %), increase when number of 

layer increase from (2 to 3) with percentage (7.45 %), decreases with the increase number of 

layer from(3 to 4)  with decreasing percentage (5.44 %), increase when number of layer increase 

from (4 to 5) with percentage (3.97 %), decreases with the increase number of layer from(5 to 6)  

with decreasing percentage (3.55 %), increase when number of layer increase from (6 to 7) with 

percentage (2.78 %), decreases with the increase number of layer from(7 to 8)  with decreasing 

percentage (2.61 %), for  (FFFF), shows the effect of the number of layer the frequency response 

increases with the increase number of layer from(1 to 2)  with percentage (12.91 %), decreases 

when number of layer increase from (2 to 3) with decreasing percentage (9.65 %), increases with 

the increase number of layer from(3 to 4)  with percentage (15.87 %), decreases when number of 

layer increase from (4 to 5) with decreasing percentage (6.77 %), increases with the increase 

number of layer from(5 to 6)  with percentage (8.13 %), decreases when number of layer 

increase from (6to 7) with decreasing percentage (4.80 %), increase with the increase number of 

layer from(7 to 8)  with percentage (5.33 %). 

  

5. CONCLUSION 

The delamination problem for typical multi-layer composite plates has been analyzed using 

finite element method and modal analysis. The study incorporated both computational and 

experimental work. Comparing the intact and damaged plates, the natural frequencies of plate 

with delamination are smaller than intact plate. Also, natural frequencies of the damaged plate 

decrease with the increase of delamination area. The analyses demonstrate that the delamination-

induced changes of the plate parameters are mode-dependent. The natural frequency and mode 

shape effect by damage and size of damage and location of delamination between layers. 

Boundary condition effect the amount of difference in nature frequency and mode shape and 

result shown the max. in (CCCC) Bc’s, change the number of layers with a thickness constant 

does not affect the natural frequency of the plate, Whenever damage location close to the center 

of plate at increase the variation of natural frequency. 
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NOMENCLATURE 

 

[D]s= the elasticity matrix of the s
th

 sub-laminate. 

E1, E2, and E3 = Young’s moduli in direction 1, 2 and 3 respectively N/m
2
. 

E1w, E2w ,G12w , and w12 =the mechanical properties of woven fabrics in 1 and 2-directions. 

G12 = plane shear modulus N/m
2
. 

G13 and G23 = transverse shear moduli N/m
2
. 

h = thickness mm. 

kxx  kyy  kxy = the curvatures of the laminated plate, m
-1

. 
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m and f = denote matrix and fiber, respectively. 

n1=number of warp yarns per meter. 

n2= number of fill yarns per meter. 

N= number of layers. 

Ni = the shape function. 

P= number of arbitrarily located delaminations. 

u, v, w = displacements in the x,y,z directions respectively for any point, m. 

u
0
,v

0
, w

0
 = those at the middle plane of the plate, m. 

0

su ,
0

sv = the mid-plane displacements of the s
th

 sub-laminate along x, y. 

ui
0
, vi

0
,wi, θxi, θyi = the displacement functions for different nodes. 

xi, yi = are the co-ordinates of the i
th

 node. 
0

sz = the distance between the mid-plane of the original laminate and the mid-plane of the 

arbitrary of s
th

 sub-laminate and the mid-plane of the laminate in z direction mm. 

θx, θy = the rotations of the cross section normal to the y and x axis respectively. 

ԑ
0

xx, ԑ
0

yy, γ
0

xy = the mid-plane strains 

ξ ,  = the local isoperimetric co-ordinates of the element. 

ξi , i = the respective values at node i. 

σxx, σyy = the normal stresses along x and y directions respectively N/m
2
. 

τxz, τyz = the shear stresses in xz, yz planes respectively N/m
2
. 

12 , 13 , and 23 = Poisson’s ratios. 

 

Table 1. Mechanical properties of fiber and resin, ref [4]. 

Material Properties Value 

E-Glass 

fiber 

Elasticity modulus (GPa) 74 

Shear modulus (GPa) 30 

Density ( 3m

kg ) 2600 

Poisson ratio 0.25 

Polyester 

resin 

Elasticity modulus (GPa) 4.0 

Shear modulus (GPa) 1.4 

Density ( 3m

kg ) 1200 

Poisson ratio 0.4 

 

        Table 2. Mechanical properties of unidirectional composite material. 

Properties Value 

Elastic modulus (E1) (GPa) 24.7466 

Elastic modulus (E2) (GPa) 6.8989 

Shear modulus in plane 1-2 (G12) (GPa) 2.435 

Shear modulus in plane 2-3 (G23) (GPa) 2.2211 

Poisson ratio in plane 1-2 ( 12 ) 0.3555 

Poisson ratio in plane 2-3 ( 23 ) 0.5531 
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Table 3. Mechanical properties of woven composite material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Comparison between experimental work and numerical results for four woven layers 

laminated plate ([0/90]4), with (CCCC) boundary condition. 

Case of 

plate 

Results 

(Hz) 

Mode Number 

1 2 3 4 5 

Plate A 

Experimental 174.33 378.62 379.83 542.16 811.71 

Numerical 162.88 365.46 365.46 517.77 775.72 

Errors (%) 7.03 3.60 3.93 4.71 4.64 

Plate B 

Experimental 172.45 347.50 374.42 512.41 792.18 

Numerical 160.75 334.54 358.53 481.31 748.62 

Errors (%) 7.28 3.90 4.43 6.46 5.82 

Plate C 

Experimental 167.13 341.69 376.63 540.45 747.28 

Numerical 157.25 331.96 364.26 513.85 707.05 

Errors (%) 6.3 2.9 3.4 5.2 5.7 

 

Table 5. Comparison between experimental work and numerical results for four woven layers 

laminated plate ([0/90]4), with (SSSS) boundary condition. 

Case of 

plate 

Results 

(Hz) 

Mode Number 

1 2 3 4 5 

Plate A 

Experimental 81.32 225.54 223.79 343.63 508.44 

Numerical 76.165 210.44 210.44 314.31 473.62 

Errors (%) 6.7 7.2 6.3 9.3 7.4 

Plate B 

Experimental 77.46 203.36 221.82 324.22 499.72 

Numerical 73.081 192.82 206.99 299.14 470.14 

Errors (%) 6.0 5.4 7.1 8.4 6.3 

Plate C 

Experimental 75.62 209.11 220.06 334.14 481.55 

Numerical 71.85 195.81 209.97 312.88 443.36 

Errors (%) 5.3 6.8 4.8 6.8 8.6 

Properties Value 

number of warp yarns per meter(n1) 260 
number of fill yarns per meter(n2) 260 
k=n1/(n1+n2) 0.5 
Elastic modulus (E1w=E2w) (GPa) 15.824 
Elastic modulus (E3w) (GPa) 8.0181 
Shear modulus in plane 1-2 (G12w) (GPa) 2.4355 
Shear modulus in plane 1-3 (G13w) (GPa) 2.3232 
Shear modulus in plane 2-3 (G23w) (GPa) 2.3232 

Poisson ratio in plane 1-2 ( w12 ) 0.155 

Poisson ratio in plane 1-3 ( w13 ) 0.4937 

Poisson ratio in plane 2-3 ( w23 ) 0.4937 
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Table 6. Comparison between experimental work and numerical results for four woven layers 

laminated plate ([0/90]4), with (CFFF) boundary condition. 

Case of 

plate 

Results 

(Hz) 

Mode Number 

1 2 3 4 5 

Plate A 

Experimental 19.87 32.11 106.96 130.32 146.34 

Numerical 18.447 30.586 100.12 121.11 137.34 

Errors (%) 7.7 4.98 6.83 7.6 6.55 

Plate B 

Experimental 18.58 30.86 103.23 127.23 144.56 

Numerical 17.814 30.16 99.407 120.11 136.57 

Errors (%) 4.30 2.32 3.85 5.93 5.85 

Plate C 

Experimental 18.14 30.7 104.19 125.31 140.83 

Numerical 18.26 30.189 98.453 114.64 134.97 

Errors (%) 0.66 1.69 5.83 9.31 4.34 

 

Table 7. Comparison between experimental work and numerical results for four woven layers 

laminated plate ([0/90]4), with (FFFF) boundary condition. 

Case of 

plate 

Results 

(Hz) 

Mode Number 

6 7 8 9 10 

Plate A 

Experimental 0 36.45 87.76 99.00 117.09 

Numerical 0 34.889 82.641 92.371 112.39 

Errors (%) 0 4.5 6.2 7.2 4.2 

Plate B 

Experimental 0 35.40 87.02 97.11 116.69 

Numerical 0 34.295 80.802 88.914 110.08 

Errors (%) 0 3.2 7.7 9.2 6.0 

Plate C 

Experimental 0 35.02 86.16 95.14 116.21 

Numerical 0 34.26 79.823 87.469 110.41 

Errors (%) 0 2.2 7.9 8.8 5.2 

 

Table 8. Natural frequency ( ) of number of layers for cross-ply plates. 

 

 

 

 

 

 

 

 

 

 

 

 

Number 

of layers 
stacking sequences 

Natural Frequency ( ) (Hz) 

CCCC SSSS CFFF FFFF 

1 0 162.884 76.16456 18.44723 34.88888 

2 0/90 161.457 79.72336 17.11052 39.39233 

3 0/90/0 162.825 76.49046 18.38476 35.59151 

4 0/90/0/90 161.953 80.24534 17.3841 41.23994 

5 0/90/0/90/0 162.572 77.9717 18.07511 38.44712 

6 0/90/0/90/0/90 162.045 80.34153 17.43333 41.57182 

7 0/90/0/90/0/90/0 162.449 78.65752 17.91777 39.57683 

8 0/90/0/90/0/90/0/90 162.077 80.37517 17.45046 41.68726 
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Figure 1. Laminate composite plate with delaminated. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Layer details of the plate. 

 

 

Figure 3. The element in isoperimetric co-ordinates. 
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Figure 4. Laminate geometry with multiple delaminations. 

 

 

Figure 5. Three arbitrary delaminations leading to four sub-laminates. 

 

 

Figure 6. Plate elements at a delamination crack tip ref.[8]. 
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Figure 7. Schematic representation of woven fabric architecture D. Gay, et al., 2003. 
 

 

 

 

 

 

 

 

            
 

Figure 8. Intact plate and damage plates and clamped all sides. 
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Delamination region in plate A , B and C for some mode shapes of FEM analysis 

 

 

Figure 9. Delamination region in plate A , B and C for some mode shapes of FEM analysis.. 

Plate A, Mode 1 

(174.33 Hz) 

Plate B, Mode 1 

(172.45 Hz) 

 

Plate C, Mode 1 

(167.13 Hz) 
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 الخلبصة
 تجميع ىي الفولاذية . فاليياكؿالفولاذيةالإنشائية ومنيا  الأنظمة صياغة في ضروري الجمالي وأنساقو يعد التعبير

 لا الفولاذي الإنشاء أنظمة حيث إف. الصنع مسبقة منشآت ييف محددة قياسية أبعاد ذات المركبات فييا وتكوف منشئية لعناصر
نما لممستخدـ، وظيفية مضاميف تحقيؽ إلى فقط تيدؼ دراكياً  بصريًا تعبيراً  توفر رمزية مف جماليات أيضاً  ليا لابد وا  . لممشاىد وا 
 بميجات إنشائية تُصاغ نصوصًا بصفتياالأنظمة ويبرز أىميتيا  تمؾ في بجماليات التعبير اىتمامًا البحث يوّلي المنطمؽ ىذا ومف

 الحديثة لمعمارة المميزة النماذج أقوى مف بعضاً  تحتوي الفولاذية المنشآت مع المرتبطة البصرية فالمفردات .متميزة تعبيرية
 والأعجاب بصرية كعناصر المنشئية المركبات صناعة في الضبط ودقة والرشاقة الزجاجي الأكساء ذات الفولاذية فاليياكؿ

 مختمفة أشكالاً  تكوف الارتفاعات الشاىقة ذات المباني في أو المتفردة الكبيرة البحور ذات الفضاءات أشكاؿ في الإنشائي الواضح
بما في ذلؾ مف  الفولاذيلذلؾ يركز البحث في دراسة تمؾ الأنساؽ التعبيرية والمرتبطة بخصائص الأنشاء  .والتأثير التعبير في

تكمن وعميو مميزات تمؾ الأنظمة عمى مستوى القوة والمتانة والمرونة والاقتصاد فضلًب عف الجوانب الجمالية والتعبيرية ليا. 
 التعبيرية وأنساقو البنائية لمعرفي في جوانب دراسة النظام الإنشائي الفولاذي من نواحي سماتوالمشكمة البحثية في القصور ا

 السبّؿ واضحة. بكونيا افضؿ ليجات إنشائية وليا ومعافّ  رموز تحمؿ لغة أنيا عمى معيا التعاطي وكيؼ ،الجمالية وسماتو
 يزيد الفولاذي الإنشاء الصيغ في الرمزي التعبير استخداـ أفّ  فرضية مف انطلبقًا بالمتمقي وذلؾ اتصاؿ وسيمة الأنظمة تمؾ لجعؿ
 الإنشائية من خلال تحميل وأبجديتيا أما اليدؼ البحثي فيكمن في الوصول إلى ابرز الأنساؽ التعبيرية الجمالية. قيمتيا مف

 .الفولاذيالإنشاء  وجماليات التعبير آليات
 .التعبيرية الأنساؽ التكتونية، ،، القوة، المرونةالأعجاب الإنشائي ،البصرية المفرداتالمنشأ الفولاذي،  الكممات المفتاحية:

 
Symbolic aesthetics in steel structural systems 

 
Dr. Usama Abdul-Mun'em Khuraibet / Instructor 

Baghdad University/college of engineering/ Architectural department 

eng_usama_oat@yahoo.com 
 

ABSTRACT 

The aesthetic expression and its orders are important for steel structures forming. Steel structures 

are a compilation of structural elements, where its shapes have standard dimensions and pre-fabricated. As 

the steel construction systems not only aim to achieve the functional requirements for users, but must also 

have the symbolic aesthetics which provides visually and cognitive expression for viewers. In this sense the 

research interested in expressional aesthetics in these systems and highlights the importance of attention as 

structural items. Therefore the visual items which related with steel structures contain some of the most 

powerful forms of modern architecture, steel structures with a glass cladding, agility and accuracy in 

manufacture of structural elements as visual items, structural interest in the forms of spaces which have 

long span systems or in high buildings are different forms of expression and influence. So the research 

focuses on the study of those expressive patterns related with the steel construction properties, including 
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the advantages of these systems at the level of strength and firmness, flexibility and economy as well as 

aesthetic and expression. Accordingly, the research problem concentrated on educational shortage in the 

study of the structural steel system aspects concerning constructional characteristic, expressive and 

aesthetic features, and how to deal with them as a language bearing the symbols and meanings which have 

clear structural style, because it the best ways to make those systems as communication means with users, 

by premise that the use of expressional symbol in steel construction increases the aesthetic value. Therefore 

the research aims to reveal the most structural and expressive patterns by analysis the expressional means 

and steel structural aesthetics.  
Key words: steel structure, visual items, structural interest, strength, flexibility, Tectonic, expressional 

patterns. 

 المقدمة
 يمثؿ حيث الأرض، عمى منشأ معماري أوؿ في التفكير بدء منذ أساسية علبقة بالعمارة الإنشاء تعد علبقة

 حالة إلى حالة الخياؿ مف المعماري الفكر نقؿ في يساعد الذى الميـ العامؿ فيو في العمارة، المادي الجانب الإنشاء

 ىأف وصمت إل ىفي البناء حتوتطوراتيا والوسائؿ والنظـ المواد ولقد تقدمت تكنولوجيا البناء بدءاً مف استخداـ  .التحقؽ
مفيوـ المباني العصرية الذى نعيشو في عالمنا ىذا وما يتمتع بو مف منظر جمالي ونوعية تحمؿ عالية وسرعة في 

أىمية عمى  (وبدرجات متفاوتة) المعماريوف يركزاليوـ أكثر مف أي وقت مضى ف الأنشاء وتكمفة منخفضة وابتكار.
وقدرة عمى  كبيراً  بيذه المعرفة يتطمب جيداً الإلماـ ، ولكف لتقنيات الإنشاءية في ضوء التطور السريع ئالمعرفة الإنشا

ية ومتطمباتيا، ومدى تأثير ىذه المتطمبات في الحؿ المعماري ومحاولة ئشانفيـ التطور الحاصؿ وآلية عمؿ الجمؿ الإ
ية كونيا إحدى مخرجات تطورات وىذا ما برّز أىمية المنشآت الفولاذ صحيح. ؿبشك اً الاستفادة منيا وتوظيفيا معماري

 مف المباني مف متنوعةأشكاؿ تصميـ  فيالإبداع  مدى توسيع عمى التكنولوجيا الحديثة تساعدالصناعة البنائية، حيث 

  .المصمـأماـ  الشكميةالمادية و  توسيع الخيارات خلبؿ
نما لممستخدـ، وظيفية مضاميف تحقيؽ إلى فقط تيدؼ لا" ة عمى وجو الخصوصالفولاذيئية عامةً "و الإنشا نظمةالأف  وا 

 الإنشاء أنظمة أف منطمؽ مف ،يراىا الذي لممشاىد دراكياً ا  و  بصريًا استمتاعًا توفر رمزية جماليات مفأيضاً  ليا لابد
نما فقط ستخدـتُ  لا الخفيؼ  وتوحي الواقع تجسّد ةوتحوّلات تّقني ثقافية أطر عف مادي تعبير كوُنيا أيضًا، تعرض وا 

نما فقط، لممستخدـ وظيفية مضاميف تحقيؽ إلى تيدؼ لا الأنظمة تمؾ فإفوعميو  بالمستقبؿ،  رموز ليا مف لابد واّ 
 النظـ تمؾ عند إكساب ذلؾ ويتحقؽ. معو والتواصؿ لمتلبقي ةوسيم وتكوف ،والإدراكي البصري الاستمتاع توفر تعبيرية
 ومعالجات القوة والرشاقة، عف تعبّر بنائية صياغات تتضمف تصميمية لغة في تقدـُُ  رمزية ومقاربات جمالية تأثيرات
 البحث ييتـ ومف ىنا. والحيوية الصرامة بيف تجمع دينامية إنشائية وعلبقات والانكشاؼ، التواصؿ عمى تؤكد ةفراغي
 لو الانتقاؿ تتيح مرنة عناصر كونيا ،التعبيرية لمعمارة بالصور للبرتقاء المصمـ أدوات كأحد والمقاربات التأثيرات بتمؾ
 فيو المتمقي والتأثير لجذب متنوعة وسائؿ وبصفتيا ومعاني، قيـ تحمؿ إنشائية أشكاؿ إبداع إلى رتيبة كتؿ صياغة مف

 ،الفولاذية البنائية للؤنظمة الصيّغ في التعبير بجماليات اىتمامًا البحث يوّلي وبالتالي. والمعنوية الفكرية احتياجاتو وتمبية
بما في ذلؾ مف مميزات  ةالفولاذيالمنشآت دراسة تمؾ الأنساؽ التعبيرية والمرتبطة بخصائص  مما يبرز الأىمية في

 القوة والمتانة والمرونة والاقتصاد فضلًب عف الجوانب الجمالية والتعبيرية.
 :المنشئيةالمفردات  :1

توفير الإطار المادي  الرئيسية في التشكيؿ والتكويف, وتيدؼ إلى الجوانب ىأحد المنشئية بشكؿ عاـالمفردات  تعد    
في تكمفتو ولا يعوؽ تأدية الأنشطة ويتناسب معيا.  الذي يحتوي الأنشطة بحيث يحقؽ الأماف والمرونة ويكوف اقتصادياً 
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إلا ىي ما العمارة  حيث أف ظاىرة بالثبات والاتزاف المادي, بحيث يتوافؽ مع مبادئ الطبيعةالمنشأ أف يتميز  ويجب
       .مبادئ الجاذبية والاتزافالمنشأ واف ىذا يتحقؽ عندما يتبع  ىاقواعدوتخضع لجزء مف الطبيعة 

 :المنشئيةعناصر المفردات : 1-1

 : التشكيؿ مف شقيف أساسييف ىما فيالمنشئية تتكوف المفردات 
 .Materialsالبناء مواد  .أ

 .Processes and meansالطرؽ والوسائؿ ب. 
 Structural systems المنشئية نظـ ال .ج
 :والتشكيل المنشئيةالمفردات :  1-2

مف  المعماري بدلاً  أداة لمتعبيرالمنشأ إلى أف أصبح المنشأ في مواد وأنظمة  الحاصؿالتطور التكنولوجي  لقد أدى      
 .لعناصر الإبداع ومحدداً  كونو عائقاً 

في التشكيؿ  المنشئيةالمفردات  تتميزحيث  .في العممية الإبداعية والرمزية في العمارةالمنشئي الدور  وبالتالي تعاظـ
 .باف ليا شؽ رمزي

      [.2006سلبـ المصري،]: شقيف في التشكيؿ والتكويف البصري مفالمنشئية  المفرداتتكوف ت وعميو

عنيا المواد والتقنيات  العمـ والصناعة فيأخذ التشكيؿ: و ىو يقترف بمجاليو خاص بمواد البناء وأنظمة البناء  : مادي -
 . الحديثة وىو في ىذا الشؽ يخاطب المستوى العقمي للئنساف

تعبيره عف المعتقدات والشعائر الخاصة  فيخاطب المستوى الروحي للئنساف مف خلبؿ ،خاص بالمعتقدات : رمزي -
 .العممية البنائية عبربالمجتمع 

 العمارة: يفالإنشائية مواد ال تطورات أثر: 2

عصر مف العصور، ولقد لعبت مواد ي أ يتؤثر عمى طابع العمارة ف يتعد مواد البناء مف العناصر الميمة الت  
 مواد ،الأحجارو  والطيفأفرع النباتات والأخشاب سطح الأرض، حيث شكمت  البناء ىذا الدور منذ نشأة الإنساف عمى

مف تقمبات البيئة والحيوانات المفترسة  استطاع بيا الإنساف أف يحقؽ لنفسو المأوى اللبزـ لمحماية يالت الأساسيةالبناء 
 وأعدائو مف بنى البشر.

مكانياتيا الإنشائية والمعمارية بجانب العوامؿ  ومع تطور إمكانيات مواد البناء التقميدية وزيادة المعرفة بخصائصيا وا 
المختمفة،  والاقتصادية( تطورت العمارة عبر الحضارات والعصور سياسية والاجتماعيةالي )مثؿ النواح الأخرى المؤثرة

أتيحت  يوىيئات جديدة عبرت عف الإمكانيات الت بؿ وانتقمت عممية البناء انتقالات واضحة مف خلبؿ صيغ معمارية
عممية التصميـ  يحدث ف يالعصور يستطيع أف يممس التطور الذمختمؼ  يالمتتبع لمعمارة فف ،ذلؾ العصر يف

 يالمعمارية، وبالتال المشكلبتالمفاىيـ التصميمية لتناوؿ ي المختمفة وذلؾ نتيجة لمتطور الذى حدث ف يلممبان يالمعمار 
 لمفضاءات يطبيعة التصميـ المعمار  يكبيرًا ف تغييراً  مجمميا يمثمت ف يإيجاد الحموؿ المعمارية المناسبة ليا، والت

الييئات  يف ، وأيضًا التطور الذى حدثيىذه الفراغات وبعضيا وبينيا وبيف الفراغ الخارج الداخمية، وكذا العلبقة بيف
 مجمميا. يلعناصر المبنى أو ىيئة المبنى ف يالتشكيؿ المعمار  يالارتفاعات أو ف يسواء ف يالخارجية لممبان

 .يمجاؿ التصميـ والتشكيؿ المعمار  يفأوجدت مواد البناء الحديثة مفردات جديدة بالتالي 
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والمسطحات الزجاجية الكبيرة )ظاىرة الشفافية(،  ،الناتئمف أىميا الفراغ  عديدةوقد تميزت ىذه المغة بمفردات 
 يعممية التشكيؿ الخارج يف الواجيات الخارجية، واستخداـ العناصر الإنشائية لممبنى يوالمتنوعة ف والتشكيلبت الحرة

 .[Macdonald, 1997, P: 27] بجانب وظيفتيا الإنشائية.
 المادة البنائية والأثر المنشئي:: 3

تعتمد الكفاءة المنشئية والأداء المنشئي بصورة كبيرة عمى طبيعة المادة المنشئية المختارة وخصائصيا خاصة ما        
 يتعمؽ بقدرتيا عؿ تحمؿ الإجيادات وادائيتيا المنشئية.

الطبيعة والخواص الفيزياوية  لممواد المنشئية كاف ليا الدور الكبير في اختيار النظـ المنشئية المناسبة، حيث أف فتمؾ 
 اختيار المادة المناسبة لنظاـ المنشأ تعد مف أىـ المتطمبات لذلؾ النظاـ لموصوؿ لمكفاءة المنشئية المطموبة.

مكانيات مف نواحي )الشكؿ والإسناد والطبيعة الفيزياوية( تؤثر وبالتالي فالمادة بكؿ ما تحممو مف خصائص و        ا 
وبدرجة كبيرة عمى السموؾ الإنشائي وعمى الشكؿ الناتج لممبنى، كما إف لمنظاـ المنشئي الدور الكبير والبارز في اختيار 

أف العلبقة بيف النظاـ  وانتخاب المواد المنشئية التي تتلبءـ وتمؾ المتطمبات أو المحددات وىذا يدؿ بالنتيجة إلى
المادة في تبني الكثير مف الأفكار  وأدائياتالمنشئي والمادة البنائية متبادلة التأثير، وقد ساىـ التطور في إمكانيات 
 .[Trebilcock, 2004, P:32] (.1الشكؿ) الجديدة عمى مستوى المنشأ والتي كاف مف الصعب تنفيذىا بوقت سابؽ.

 :الإنشائية لمعناصر الرموز التعبيرية: 4
 مضموف حسّية لتمييز منيا: ةعد معاني الشكؿ يضـ لذلؾ الحواس، طريؽ عف بالإدراؾ العقمي الشكؿ يدرؾ

 أكد ، حيثالإنشائية لمعاني الصيّغ تضمّف رةضرو  وعف أجزائو، بيف والتناسب الترابط عمى لمتعرؼ بنائية ومعاني البناء
 Schillerوذىب  .عنيا يحمميا ويعبّر شكؿ دوف ورموز معاني توجد ولا بو، يحسّ  ىمعن دوف شكؿ يوجد لا أنو "أفت"ر 

واعتبر . والثبات اليوية وييبيا ىعمييا المعن يضفي شكؿ بدوف ماده ولا الواقعية، تمنحوة ماد بغير شكؿ يوجد لا أنو إلى
Vischer ماده في تجسيدىا طريؽ عف محدده لفكرة مثؿأ عف مضموف الأشكاؿ بواسطة بالتعبيرى يُعن إيحائي فف الإنشاء 

 تممس يمكف لا انو إلا شكؿ لكؿ اليندسية ثبات الخواص . ورغـ[215، ص:1997علي رأفت،]مادي لا إلى المادي تحويؿ بغية ما،
 ويزيد لو، المحدد بالمضموف يرتبط ما دائمًا مف الشكؿ ينبثؽ الذي الإيحاء أف إذ الأشكاؿ، بو توحي لما بالنسبة الثبات ىذا

مخطط  لاحظ ،الرموز بعض تمؾ توضيح ويمكف .عناصره وترابط الفراغ في ووضعو أبعاده معالجة بطريقة الإيحاء ىذا
(1.) 
  :الخطية الإنشاء عناصرالرموز التعبيرية ل :4-1

 في استخدامًا المستقيـ أكثر فالخط تحتوييا، شكمية صيّغ خلبؿ مف إلا أىميتيا الخطية العناصر تكتسب لا
 يوحيف لؤسفؿل المتجوأما ، والشموخ بالمرح يوحي ىلأعم والمتجو والاستمرارية، التعددو  بالقوة ويوحي الإنشاء أنظمة
 والاندفاع يوحي بالحركة واتجاىو طولو حسب والمائؿ بالاتزاف، والراسي بالخموؿ يوحي والأفقي والانكسار، بالحزف

 والخط الحركة، القبوؿ، الاتجاه، بالحدة، سواء الإيحاء طبيعة يتحدد الكسر زوايا حسب المنكسر والخط والمقاومة،
   [.2012أحمد المهندس،] .وحدّتو صلببتو مف ييدئ مستقيـ بخط اتصالو وعند والحيوية بالميونة إحساساً  يعطي المنحني

  :المستوية الإنشاء عناصرل الرموز التعبيرية:4-2
 فالمنتظمة الشكمية، لتحولاتيا اً الفولاذي تبع المنشأ في والاحتواء التغطية لعناصر الرمزية التعبيرات تختمؼ

 توحي والمائمة محاورىا، استطاؿ احد إذا والإنضغاط بالديناميكية توحي وقد المادي، والثبات الانتشارو  بالإشعاع توحي
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 التغميؼ بالاحتواء الانحناء فتوحي ثنائيو أو أحادية التغطيات أما الرؤية، لمركز تبعًا اليابطة أو الصاعدة بالحركة
 عده، جيات في أو بالتراجع بالتقدـ إيحاءاً  والشكؿ الموضع الموف في السطوح تماثلبت تعطي كما والاستمرارية، الخفة

 .(2شكؿ ) .الانغلبؽ الوضوح، كالتواصؿ، معينة دلالات شفافيتيا ودرجة الأسطح مادة وتعكس
  :الإنشائية متكويناتلالرموز التعبيرية  :4-3

 بالاندفاع، اليرمية منيا وتوحي والثبات، بالمرونة فتوحي الأسطوانية أما بالتغميؼ، المقببة الأنظمة توحي
 توحي والأنظمة المركبة والاستمرارية، الميونة بالحركة، توحيُُ  الحمزونية الأشكاؿ ذات والأنظمة والصعود، الاستقرار
 في العيف حيث تتطمب فسيولوجية ميزه ليا الانسيابية والأنظمة والخفة، الثقؿ الحركة، بالسكوف، تبدأ: مختمطة بدلالات
 التي والأنظمة .أركانيا عند ةمفاجئ لانتقالات وتحتاج اليندسية بالصرامة تتسـ التي تمؾ عف أقؿ مجيودا استيعابيا

 والمرونة، توحي بالحركة للؤحماؿ المائؿ الانتقاؿ ذات والأنظمة ،ةوالاستاتيكي بالسكوف توحي راسيًا الأحماؿ فييا تنتقؿ
 دلالات يكوف للئبيار ما وعادة. بالديناميكية الإحساس مف يمنع لا معدني نظاـ يلأ المادي الاتزاف أف ملبحظة مع

 البحور في إبياراً  تتيح كما بالاستمرارية، وتوحي اً وشكميإنشائياً  إبياراً  تحقؽ (Cantileveredالناتئة ) فالأنظمة رمزية،
 المتشابكة وتوحي البنائية الوحدات في عدديًا إبياراً  الفراغية الأنظمة وتحقؽ بالخفة، وتوحي والارتفاعات والعروض
 .[Allsopp, 1971, P:33] .والتعقيد بالتداخؿ

 :الفولاذية المنشآت: 5

 الحديثة العمارة في نرى فقمما ،الإنشائية استخداماً  الجوانب أكثر مف عاـبشكؿ  الفولاذيةاليياكؿ الإنشائية  تعد
 الواجيات إنشاء في استخدمت أخرى،أنظمة  مع مشتركة أو كانت رئيسية فولاذية إنشائية ىياكؿ استخداـ مف يخمو بناء

 . الكبيرة البحور ذات الأبنية تغطية وفي الدخوؿ ومظلبت الزجاجية
متانة وعالية في كالالفولاذ ىو مادة تمتمؾ خواصاً منشئية ممتازة و  ،المنشآت الخفيفةمف  الفولاذيةالمنشآت  تعدحيث 

أقوى المواد المعروفة  مف ىوو  نحناء والقوى المحورية بصورة متساوية.ضغاط. لذلؾ يستطيع مقاومة الإنالشد والا
الييكؿ  يلطويمة ويستخدـ بصورة شائعة لممبنى ذالمباني ذات الفضاءات والبحور الإنشاء بصورة عامة لذلؾ يستخدـ 

مضاميف وظيفية  لا تيدؼ فقط إلى تحقيؽ الفولاذيإف أنظمة الإنشاء كما  المعتدؿ في البحر في تشكيلبت متنوعة.

 الخ، مقاومة، حده، حيوية، توجيه، تحديد، فصل.. كةقوة، تعدد، استمرارية، اندفاع، حر

 أنظمة إنشاء تتألف من

 عناصر بنائية خطية
 أنظمت انجسر وانعمىد

 تئأنظمت الإطبراث انجبس

 أنظمت انجمهىنبث انمستىيت

 أنظمت انهيبكم انفراغيت

 الأنظمت انمشدودة

 أنظمت إنشبئيت مركبت

 للعناصر رمزية التوجهات

 أنظمة في البنائية

 الفولاذي الإنشاء

 من تتألف إنشاء أنظمة

 مسطحة بنائية عناصر

 الخ..  انغلاق نفاذية، احتواء، ثقل، استمرارية، شفافية، تغليف، أحاطه، انتشار،

 ةكبمر إنشائية أنظمة

 منفوخة غشائية أنظمة

 مشدودة غشائية أنظمة

 منحنية قشرية أنظمة

 منطبقة قشرية أنظمة

 مستوية قشرية أنظمة
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 الفولاذي )الباحث(للعناصر البنائية ]خطية، مسطحة، مركبة[ لأنظمة الإنشاء  ( التوجهات الرمزية1مخطط )
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نما لابد ليا   ,Trebilcock, 2004]دراكيًا لممشاىد الذي يراىا. ا  جماليات رمزية توفر استمتاعًا بصريًا و  يضًا مفألممستخدـ، وا 

P:34]. 

  التطور التاريخي في استخدام الفولاذ:: 5-1

فندقي المبنى ال وىوفي بريطانيا بدوف جدراف خارجية حاممة  (1906-1903) سنة أوؿ ىيكؿ فولاذيشُيد 
(Ritz) لأي حمؿ زائد في المبنى. حيث  عرضالواجية الحجرية كاف في عدـ الت إستخداـ في عدـ. ويقاؿ بأف السبب

 مف الصعب التخيؿ باف مبنى ذا مظير غيرلأنو  ,في ذلؾ الوقت إنكمتراأعطى المبنى معارضة لمتقميد المعماري في 
الفولاذ مف شكؿ الييكؿ ذي الأسناد  إستخداـفي  الارتقاء  ،[Macdonald, 1997, P: 30]كلبسيكي يبنى في موقع بارز في لندف 

حالة المساىمة الجدية في الجماليات المتعمقة بالمبنى كاف قد تحقؽ مف قبؿ المحدثيف المعمارييف في بداية إلى المطمؽ 
بتكار مفردات معمارية إ وكانوا حريصيف عمى 1930-1920 بيف الحقبةالقرف العشريف حيث وجدوا المادة مثيرة في 

وجية نظرىـ. توحدت تكنولوجيا اليياكؿ الفولاذية مع جديدة لمعالـ الحديث ذي الصناعة والتكنولوجيا وىذا مف 
تطور المبنى ذي إلى ترجع  الأولى ىما: بطريقتيف مفصولتيف 1930-1920بيف عاـ  الحقبةالجماليات المعمارية في 

لمعناصر المنشئية لتشكؿ جزءاً مف المفردات البصرية الحديثة.  الواضح الاستخداـالميؿ نحو  الثانيةو الزجاجي الأكساء 
[Allsopp, 1971, P:24].  

مف المصادر البصرية لمفردات عمارة الفولاذ والزجاج كانت اليياكؿ الحديدية لمورش والمصانع ومحطات و 
يف ولكنيا في نفس الوقت يالمعمار القطار لمقرف التاسع عشر تمؾ المباني التي أىممت بصورة كبيرة في وقتيا مف قبؿ 

 .[Allsopp, 1971, P:42]كبير عمى المفردات البصرية في حداثة القرف العشريف.  تأثيركانت تتجو لتحقيؽ 
( الذي ظيرت فيو ىيئات القرف العشريف الحديث 1858-66) إنكمتراوالمثاؿ المعروؼ كاف مخزف القوارب في 

( كانت أيضاً Terminiلممباني الصناعية وخصوصاً محطة القطار في )الأنواع الأخرى ولكف  ،السباقةالأمثمة وىو مف 
لغرض  ينالذي بُ و  في لندف "القصر البموري"و في ذروتإلى لممباني وصؿ  الفولاذية اليياكؿ بإستخداـميمة. ىذا التقميد 

مف الزجاج والحديد مف الناحية البصرية وترؾ تأثيراً عمى عمارة  مبنى ضخـكاف  حيث 1851 المعرض الكبير إقامة
كانت المباني الفولاذية في الحقيقة تحتوي عمى عدد مف السمبيات التقنية منيا العزؿ الحراري والعزؿ  ،القرف العشريف

تمثؿ ت الشفافة والتي كانت المفردة لمزجاج في القشراالألواح الصوتي لمجدراف الخارجية والمتانة القميمة في الربط بيف 
الأساليب واحداً مف  والذي مثّؿ تعبيريةكشؼ الييكؿ الفولاذي لأسباب أما التحوؿ الكبير فكاف نحو مشكمة كبيرة. 

ذو أكساء  فولاذي ىذه المباني كانت ذات ىيكؿ ،)1970 -1980 ((Hi-tech) عمارة التقنيات العاليةالمفضمة لما يسمى 
المرتبطة بكشؼ الييكؿ  المشكلبتنياية القرف العشريف. ومف  زجاجي مثيرة بصرياً وتعبر عف خياؿ متميز لمعمار

في المباني المتعددة الطوابؽ  والذي يبرز جميّاً ة لممنشأ والحماية مف الحريؽ والصيان بالإدامةالفولاذي ىي تمؾ المرتبطة 
[Macdonald, 1997, P:49] . في  "سنتر بومبيدو"ستثناء وىو إت الفولاذية ذات الطابؽ المفرد وىناؾ آسبب كشؼ المنشوىذا

باريس الذي فيو نظاـ الحماية مف الحريؽ متوفر لضماف الييكؿ الفولاذي المكشوؼ عمى الجدراف الخارجية لممبنى 
يحقؽ الحماية المطموبة مف النار. جميع اليياكؿ الفولاذية في الداخؿ مغطاة بمادة عازلة وتكوف غير مكشوفة وغير 

 مرئية. 
التوسع في استخداـ الزجاج إلى قادت التي تفكيكية في العمارة ال ظيرت في نياية القرف العشريف أفكارو 

والفولاذ في المباني فالمتانة العالية لمفولاذ في مقاومة الشد والانضغاط جعمتو قادراً عمى تحقيؽ عناصر ذات أشكاؿ حرة 
 .[Macdonald, 1997, P:49]. الإمكافقدر 
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 :في المنشآت الفولاذ ستخدام مادةإ إيجابيات:5-2

 ىنالؾ مجموعة مف الإيجابيات المستخمصة مف استخداـ مادة الفولاذ في اليياكؿ الإنشائية لممباني منيا:
 ( القوةStrength:)  في ىياكؿ  للبستخداـالعمؽ المنخفضة تجعمو مناسباً إلى القوة العالية لمفولاذ ونسبة الوزف

 فيالحرية  فضلًب عفذات الطابؽ المفرد والمتعدد الطوابؽ ولحدود كبيرة مف المباني ذات البحور المختمفة  المنشآت
 Ratio ofالوزف )بلقوة علبقة النسبة أما باللجدراف الحاممة في التخطيط الداخمي والخارجي لممبنى. اتحديدات 

strength to weight) ذات المتانة المشابية خصوصاً أذا  الخرسانيةاكؿ اليياكؿ الفولاذية تكوف أخؼ مف الييف
  .أستخدمت أنواع كفوءة مف العناصر

 ( السيطرة عمى النوعيةQuality Control) : الفولاذ تحت حالات صارمة مف السيطرة النوعية وخواصو يصنع
حتساب عوامؿ أماف قميمة في حسابات التصميـ إيمكف أف تكوف مع محددات خاصة جداً. وىذا يساعد عمى 

 .[Macdonald, 1997, P: 52] العناصر المنشئية رشيقة وخفيفة. فتكو لوىذا سبب أضافي الإنشائي 
 ( المظير الخاص بالفولاذAppearance of Steel) ويعود ذلؾ لمسيطرة النوعية الجيدة التي تحصؿ خلبؿ عممية :

في تشكيمو النيائي ولعناصره فالمنشأ النيائي يكوف ذا مظير مميز يعبر عف تصنيعو والى الطرؽ المستخدمة 
 الممساء ذات الحافات الحادة المستقيمة.  حالعناصر الرشيقة والسطو 

 ( التصنيع المسبؽ لمفولاذPrefabrication) الفولاذية تجميعاً لمركبات مسبقة الصنع والتي تنتج  المنشآت: تمثؿ
بأف تكوف أبعادىا والنوعية العامة تحت سيطرة دقيقة وتساعد بالنتيجة في الأنشاء السريع  خارج الموقع وىذا يسمح

 .[Macdonald, 1997, P: 53]لممنشأ في الموقع وحتى في المواقع الصعبة. 
 :الفولاذيلئنشاء الأخرى ليجابيات ومف الإ

  -الأرضية أحماؿإمكانية زيادة كبيرة في  -إسنادواسعة دوف  فضاءات -قمة التكاليؼ -كفاءة الأداء -جماؿ الشكؿ)
يمكف أف يكوف السقؼ مؤقتاً  -ركيب وبالتالي توفير زمف الإنجازسيولة الت -كبيرةإمكانية الارتفاع شاقولياً إلى مسافات 

  (وعندئذ يستفاد بفكو ونقمو إلى مكاف آخر
 ستخدام الفولاذ:                                             السلبيات المرافقة لإ: 5-3

 ( صعوبة التشكيلIntractability) ة وىذا لو عدد بصمأشكاؿ : الفولاذ مادة قوية جداً مف الصعب العمؿ بو وتشكيمو في
قياسية مف التبعات أنو يعني أف في أغمب ىياكؿ الفولاذ المصممة, مف الضروري تخصيص العناصر مف أبعاد 

لممركبات التي تنتج مف الفولاذ المصنع وتحقيؽ أقؿ عدد ممكف مف التحويرات ليذه المقاطع القياسية. أنتاج مقاطع 
ستخداـ الييكؿ الفولاذي في إطوط المنحنية تكوف صعبة ومكمفة ففولاذية حسب التصميـ المعيف أو اليندسيات ذات الخ

 .    [M. Schupack, 1958, P: 52]. لممنشآتشكؿ النيائي مثؿ ىذه الحالات سوؼ يفرض تحديدات عمى ال

 لمحريؽالفولاذ  مقاومة (Steel Performance in Fire) : 
يحترؽ ولكف سوؼ يتياوى في  مؿ الأثقاؿ في درجة حرارة عالية نسبياً فيذا يعني بأف الفولاذ لاحولاذ قابميتو لفيفقد ال

النار أذا لـ يحفظ في حدود حرارية معتدلة وىذا عادة يحقؽ بحماية الييكؿ الفولاذي بطبقات مناسبة مف عوازؿ مقاومة 
النار ولكف عادة تستخدـ طرؽ أكثر تعقيداً مثؿ أنظمة المياه الباردة. المادة الواقية مف النار وبصورة تقميدية ىي 

  [.Macdonald, 1997, P: 55] بالخرسانة.ر الييكؿ الفولاذي تغطي ببساطة فعناص ،الخرسانة
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 بنائية: الإنشائية الفولاذية كمغة الصيّغ مع التعامل: 6
 المادي التعبير ىي والعلبمة المعمومات، تبادؿ تؤمّف اتصالية بوظيفة تقوـ المنتظمة العلبمات مف نظاـ المغة

 مف مستخدمييا عف أفكار لمتعبير تفاعمي نظاـ فضلًب عف كونيا. التبادؿ عممية في المستخدمة لمظواىر والمفاىيـ
شارات، خلبؿ  وبالتالي رموز، في اختزاليا بعد الأفكار لنقؿ ووسيمة الأفراد بيف لمتواصؿ كوسيط تعمؿ حيث رموز وا 
المغوي  التمثيؿ لنظرية وفقًاو . الآخريف إلى الأفكار نقؿ في اليدؼ تحقؽ ما إذا لغة الشكؿ التعبير بأبجديات يصبح

Linguistic Analogy السمات بعض أو كؿ في تتشارؾ لأنيا وذلؾ رئيسي أو عرضي بشكؿ المغة العمارة تشبو 
 يقابؿ والييكؿ المعنى تقابؿ فالوظيفة .[Scruton, 1979, p:160]. عنيا يستغني لا التي تمؾ خاصة تصنع المغة التي الجوىرية
 (.2مخطط ) .وىكذا البلبغة يقابؿ والجماؿ التركيب

 الإنشاء أنظمة مع التعاطي فإف نصّ، لأي البناء مفرده تمثؿ وأنيا خمفيا لمعنى رمز ىي الكممة أف منطمؽ ومف
 خمؼ ورموز معاني عمى احتوت طالما يصير معانييا، وفيـ قراءتيا أبجديتيا أدرؾ لمف تتيح بنائية الفولاذي كّمغة

 آلياتيا وتوظيؼ مفاىيميا واستمياـ المنطوقة غير البنائية المغة في الاتصاؿ بعناصر الاىتماـ وبالتالي فإف. أشكاليا
 تفيـ الأخير عمى وتيسر برسائمو، المتمقي إقناع لممصمـ يتيح لممتمقي، محدده رسائؿ مميزه تحمؿ أشكاؿ لصياغة
 Rogers طالب المصمـ بصيغة وما المتمقي بيف المباشر غير الحوار ىذا وجود وعف ضرورة. الرسائؿ تمؾ وقراءة

ة أىمي عمى Le doc دػػأك كما إنشائو وعناصر تركيبة طريقة فيفيـ كتابًا يقرأ كما المنشأ قراءة يستطيع المتمقي أف بضرورة
 لمخامات مناسبة معمارية لغة إيجاد بغرض لمشكؿ، كمصدر بالإنشاء الاىتماـ وضرورة الإنشائي التطور ركب ةملبحق

 رموز مف الخفيؼ الإنشاء مجاؿ في الشكؿ لغة تتكوّف ما وعادة. [33، ص:1997علي رأفت،]. منيا الفولاذ الجديدة وبخاصة
عادة يستمر تداوليا بنائية ومفردات تنحصر بالخفة  مختمفة بدلالات لتوحي ةمعين باتجاىات إزاحتيا بعد صياغتيا وا 

 بالتقنية ومرورًا بالوظيفة بدءاً ] الشكؿ مرجعيات في بالتحولات المستمرة المغة تمؾ تركيبات تتأثر كما ،والمرونة والرشاقة
 في تبايف مف عنيا ينتج وما المرجعيات في التنوع ىذا المجتمع، وأف في والثقافي التقني التطور يشجعيا التي[ والموقع
 بنائية، عضوية،] أنشلممالمغة التعبيرية  تميز عصر ويعطيو لكؿ البنائية الخصوصية يميز الذي ىو الإنشاء، تطبيقات
 تقتصر وألا شكمتيا التي ويمّـ بالمؤثرات الإنشائية الميجات في التنوع يتفيـ أف لممصمـ الميـ فمف وبالتالي..[  تفكيكية
نما فقط، جميمو بنائية مفردات توليؼ عمى ميمتو  الإنشاء أنظمة ولاف .لغة متكاممة في معًا صياغتيا مف لابد وا 
 توافر إلى قاعدة تستند ووفؽ حسية، وغير حسية وبإدراكات البصر، غير ىأخر  حواس خلبؿ مف تقرأُُ  ما عادة الخفيؼ
 نظاـ المتمقي برؤية استمتاع فإف الشكؿ، عناصر تولدىا التي الدلالات بوضوح تدرؾ أفّ  تستطيع التي القارئة العيف
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 فاف مفرداتيا ودلالاتيا، لغة لكؿ أف وطالما. ذاتو الوقت في ومشاىدًا مشتركًا ليكوف المادي حضوره بقدر يتحقؽ فولاذي
 ,Trebilcock] :مثؿ بصرية اتصاؿ خطوط عبر المتمقي عمى التأثير إلى ييدؼ ورموز مفردات ليا كمغة الفولاذي الإنشاء

2004, P:42]. (والفراغ الكتمة بيف التوافؽ القوى واتجاه الحركة الإيقاع، بالفراغ، الإحساس)، ما عاده الاتصاؿ ىذا واف 
 لانفعالات تراكمي استيعاب لديو فيتولد الأنظمة، ؾملت رؤيتو تعدد مع تنمو الجمالي التذوؽ مف المتمقي خمفيو لدى يُكوّف

 وعلبقات والحجـ والشكؿ الفراغ في لمتنوع اللبشعورية فعمو ردة في ذلؾ بعد يظير مميز نظاـ مدلوؿ لكؿ تعطي جمالية
 مرونة وبسبب الإنشائية، المغة فإف ىنا ومف. والظؿ الضوء وتلبعب المواد معالجة في مف تمايزات يرافقيا وما الكتؿ

 ث ّـ ومف والمعنوية، المادية المستخدـ متطمبات مع تتجاوب أف تستطيع متعددة، اتصاؿ مف وسائؿ توفره وما صياغتيا
 صياغاتو دعـ لممصمـ تتيح متمايزة إنشائية بميجات ثري عالـ يوفر بنائية كمغة مع الإنشاء التعاطي تعظيـ فإف

 .[Scruton, 1979, p:152] .والرموزالمعاني  مف واسع بمدي الشكمية
 ابرز مفردات الإطار النظري المستخمصة:: 7

 بغيػػػة طرحيػػػاالأساسػػية والخاصػػػة بػػػالمفردات التػػػي تػػػـ  المعرفيػػػةمحػػػاور الجوانػػػب المستخمصػػػة مػػػف ال يتنػػاوؿ ابػػػرز       
. مميػزات تمػؾ الأنظمػةو  الفػولاذيالتعبيريػة والمرتبطػة بخصػائص الأنشػاء  رموزمتشخيص ابرز المؤشرات والقيـ الممكنة ل

 والتي إعتمدت بشكؿ أساسي عمى جانبيف:
فػػإرتبط بالجوانػػب التعبيريػػة ومػػا يػػرتبط بيػػا مػػف  لثػػانياأمػػا لممبنػػى، المعػػدني  بخصوصػػية الييكػػؿ الإنشػػائي الأولإرتػػبط 

ومػػف خػػلبؿ  المفػػردات تمػػؾ مناقشػػة كػػؿ مفػػردة ومػػف ثػػـ نتػػائج العلبقػػة بػػيف لغػػرض، لػػذلؾ المنشػػأتعبيريػػة دلالات رمزيػػة 
 .الإستنتاجات النيائيةلموصوؿ إلى  ،مشاريع منتخبة

 :الفولاذي الإنشاء أنظمة في: المفردات الجمالية 8
 وىو والثقافية، المادية البيئة باختلبؼ مقاييسيا تختمؼ بو، يحيط وما الإنساف بيف تحدث انسجاـ حالة الجماؿ

نما واحده إبداعيو عمى آلية يقوـ لا  ذلؾ ويتضح الرمزية، ودلالاتو التعبيرية أنساقو منيا لكؿّ  يكوف عدّه آليات عمى وا 
 بجوىر الكلبسيكيوف وعند بالكماؿ، اليونانيوف وعند بالحقيقة، المصرييف عند البناء في التعبير الجمالي ارتباط مف

 الوظيفييف وعند بالحيوية، البنائيوف وعند والتجريد، بالوحدة المسمميف وعند والشعور، الرومانتيكيوف بالإرادة وعند الواقع،
يحاءاتيا، المواد بمغةالعضوييف  وعند بالمنفعة،  بالتداخؿ التفكيكييف وعند لمتقنية، المتأنؽ الحداثيوف بالتعبير وعند وا 

  .واللبمركزية
 أنو ذلؾ العمرانية، وبيئتو البصرية تجربتو وتنمية بو والاتصاؿ المتمقي المصمـ لجذب أدوات أحد يمثؿ بالتالي

 فراغيو معالجات وتوافر المضموف مع الشكؿ توافؽ الكؿ، عم تكامؿ الأجزاء النظاـ، بوحدة الأخير شعور مف ينبع
 عند التوازف تحقيؽ فيو الأساس مزدوجًا رمزيًا دورًا الإنشاء ولمجماؿ في. عصرىا تقنيات عف تعبّر متميزة وبنائية
     [.8-9، ص:2006شاكر عبد الحميد،]. المتمقي

 والنحت التصوير فناني طريؽ دمج عف قوالبو بتجديد وطالب جميؿ كفف الإنشاء بدور Wasser آمّف ذاتو الاطار وفي
 عمى التأكيد الميـ مف يكوف لذا .كثيرة ماديو بمقيدات المحكوـ المصمـ مف حرية أكثر الإبداعية لأنيـ الصياغة في

نما مبتكرة، أشكاؿ بإنتاج فقط ليس الجمالية المنشأ وظيفة  ,A.Macevoy Blanc] .مةئاني ملبػومع بدلالات بتحميميا وا 

1993,p:49]. 
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ت الفولاذية تحتوي بعضاً مف أقوى النماذج المميزة لمعمارة الحديثة آالمفردات البصرية المرتبطة مع المنش
والتقبؿ ركبات المنشئية كعناصر بصرية مذات الأكساء الزجاجي والرشاقة ودقة الضبط في صناعة ال الفولاذية يياكؿالف

ح في أشكاؿ الفضاءات ذات البحور الكبيرة المبيرة أو في المباني ذات الأرتفاعات الشاىقة الواضالإنشائي  البصري
الذي النصؼ الثاني لمقرف التاسع عشر و  منذتوفر الفولاذ كمادة لمبناء بسبب . التأثيرتكوف أشكالًا مختمفة في التعبير و 

     [.9، ص:2006عبد الحميد،شاكر ] بصورة أكثر أقتصاديةو تطور العمميات الأنتاجية إلى يرجع 
 التعبير: وجماليات: المنشآت الفولاذية 9

العناصر رشيقة اغمب الذي تكوف فيو الرئيس لممبنى و جمالية الييكؿ الفولاذي  مفجمالية الفولاذ  ترتكز
ترمز نيا فضلب عف كو جماليات في تمجيد التكنولوجيا والماكنة  واضحةتمتمؾ بصورة حيث بأسموب ظاىر ومكشوؼ. و 

 الأشكاؿ ذات الحافات المستقيمة والواضحة والمنتظمة والخطوط الشبكية وبصورة مبالغ فييا لمتعبير عف الماكنة. إلى 
إلى التأثير أىمية  يضيؼحيث  الخارجي لممبنى غلبؼالب التجارب المرتبطةالفولاذ في أغمب الأحياف في ويستعمؿ 
 .[Trebilcock, 2004, P:17] علبقات أساسية بيف مضمّوف البناية والييكؿ الأساسي:. وىناؾ خمس العاـ لذلؾ المبنى البصري

 .لفولاذي كميّا داخؿ غلبؼ البنايةيوضع الييكؿ ا: الاحتمال الأول•  
 البناية  واجيةمستوى  ضمفيوضع الييكؿ : الاحتمال الثاني•  
 .بنىواجية الميكوف الييكؿ الداخمي مستمر مع : الاحتمال الثالث•  
  يدعـ التغميؼ الزجاجي. يدعـ الجدار الخارجي، أوو نصؼ مستقؿ  يالييكؿ الخارج: يكوف الاحتمال الرابع•  
 .واجية المبنىيوضع الييكؿ بالكامؿ خارج : الاحتمال الخامس•  

، المبنىالأساسي تسحب معيا قضايا أخرى ميمة لتصميـ الإنشائي والييكؿ  الواجياتبيف  اتىذه العلبقو 
 .[Trebilcock, 2004, P:19]مثؿ: 

 .تعبيرية الإرتباطات •
 .ونقاط التثبيت الأساسات •
 .الأمف والوصوؿ )لميياكؿ الخارجية( •
 مف الحريؽ. الوقايةإستراتيجية  •
 .حماية تآكؿ العناصر الخارجية •
 .[Trebilcock, 2004, P:19] .الإنشائي المقترحمسقوؼ والجدراف لتكممة الحؿّ ل طبيعة الإسناد الثانوي •

، بما فييا العناصر المقوسة، الجممونات، المكوّنات المصنّعة، القابموات، عناصر الفولاذ الإنشائيةإفّ خميط العناصر 
إلى الداخمي الإنشائي الييكؿ  قد يستخدـ استمرارف المقاوـ لمصدأ، كميا توضح التنوع في التقنيات القابمة للئنجاز.

تـ وضعو خارج الواجية  حيث Stratfordالييكؿ المقوّس لمحطة كما ىو الحاؿ في  التعبيري.الخارج في التأثير 
 .[Trebilcock, 2004, P:20] .(3). الشكؿ الإنشائي الفولاذيالحؿّ ذلؾ المزجّجة لتأكيد 

  .الفولاذي الإنشاء أنظمة في التعبيرجماليات  جوانب: 11
 في التعبير جماليات فسّرت التي والاتجاىات الآراء تعددت لمباحثيف، والإبداعية الفمسفية المنطمقات بتعدد

 -:ومنيا ،ورموزىا بمظيرىا وأحاطت الفولاذيالإنشاء  أنظمة
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 :التعبيرية ورموزه الفولاذية الأنظمة في المون :أ
 جديدة أبعادًا تضيؼ لأنيا الفولاذي، لممنشأ الجمالية القيـ لإبراز بيا يستعاف التي الميمة العناصر أحد الألواف

 وتحقؽ عناصره، تكامؿ عمى وتعمؿ المحيطة، البيئة مع توافقو مدي وتحدد ومستوياتو، علبقاتو وتؤثر عمى لشكمو،
 بأساليب تطبيقيا إلى ودعا البناء، في الألواف استخداـ أىمية عمى فاسر أكد ىذا وحوؿ. فيما بينيا البصري الاتزاف
 علبمات لكونيا المجاور محيطو في المنشأ وضع في ىاـ دور لو لونياً  البنائية العناصرمعالجة  أف اً دمع مناسبة،
 بتوفير البصري الإدراؾ عممية في ميماً  دورًا المونية المعالجات كما تمعب [.Wasser, 2000, p:47]. لو وبصرية ةأرضي

 الفراغ لتوضيح عنيا ىغن لا وأحياناً  ةجيد ةوسيم كذلؾ وىي وتفسير مدلولاتو، الشكؿ فيـ خلبليا مف يمكف إشارات
 ةرمزي قي ّـ تحمؿ وىي. غيره مف للبنتباه لفتاً أكثر بعضيا كوف حجمو الظاىري، عمى والتأثير ورموزه أبعاده واستيعاب
 المونية التباينات أف فضلًب عف والتراجع، التقدـ والتقارب، النفور الضوضاء واليدوء، والخفة، الثقؿ والبرودة، كالدؼء

 (4شكؿ رقـ ) [Wasser, 2000, p:51] .الإيقاع الأسطح، تحقيؽ تقسيـ العيف، إيقاؼ ميزة تتيح
 :التعبيرية ورموزه الفولاذية الأنظمة في ب: الفراغ

 ىو ومف ما لكؿ مسبؽ شرط وىو شيء، كؿ ويحتوي يتضمف لأنو لمتشكيؿ، جوىري عنصربشكؿ عاـ ىو  Spaceالفراغ 

 ومعانيو اليندسية خواصو الفراغ ويكتسب [.Ching, 1996, p:108] .الاتجاىات كؿ في تتمدد مسافة Ching رآه وىو كما موجود،

تحدده بنائية لعناصر المادي الإيحائية مف التوزيع  في تتوزع نسبيو وحركو وشكؿ حجـ ليا نظـ إِثرىا عمى وينشأ ُُ

 الحاوية الأشكاؿ وتعريؼ بتحديد لمفراغ المتمقي إدراؾ يرتبط ث ّـ ومف منتظمة، غير أو منتظمة أو مفتوحة، مغمقو تشكيلبت

 أف وحيث [.Ching, 1996, p:112]. فراغ دوف بناء أو ىدؼ تخيؿ باستحالة Govinda لقوؿ تأكيدًا وذلؾ المحتوية فيو، أو لو
 وقولبتو الفراغ صياغة فف أنو عمى الخفيؼ الإنشاء إلي النظر يمكف فإنو الشكؿ، وتوصيؼ عناصر إدراؾ أحد الفراغ
 (.5شكؿ رقـ ) .أكثر أو استخدامي غرض لخدمة ترتيبو وتنظيمو خلبؿ مف
 تّطبيؽ آليات التعبير الرمزي عمى الصّيّغ الإنشائية:: 11

نما لابد واف  ةالإنشائية، وعاد المعالجاتالتعبير الرمزي ضرورة لا مفر منيا في  يعد لا يبدأ المصمـ بو وا 
ينتيي إلية بعد تحميمو لكافة المعطيات واستيفائو لكؿ المتطمبات والمحددات. بحيث لا يتعمّد الحصوؿ عمى تعبيرات 
نما يراعي في صياغاتو التوفيؽ وفؽ محوريف أساسييف ىما )النواحي الوظيفية، النواحي الشكمية  خاصة بشكؿ مفتعؿ، وا 

 (.1لاحظ الجدوؿ رقـ ) تندرج تحتيما عدة آليات منيا:التي  التعبيرية(
 التأكيد عمى العلبقة المتزنة بيف الحيز والإنشاء. •
 استخداـ انسب المواد المتوافقة مع الأداء الوظيفي، والتوافؽ بيف المضموف البنائي والوظيفي لمنظاـ. •
 التصميمي والتبايف الإبداعي.الاستفادة مف الميجات الإنشائية لإحداث التنوع  •
 التأكيد عمى مرونة التصميـ لإجراء تغييرات مستقبمية باستخداـ النظـ الإنشائية. •
 المجوء إلى التعبير بالرمز عف المادة، وطريقو الإنشاء. •
 استخداـ مفردات مناسبة لمتعبير عف المغة الإنشائية المنتقاة )عضوية، بنائية، تفكيكية ..الخ( •
 تعبيرات الإنشائية التي تؤكد عمى مرجعية الشكؿ.ال •
 صياغة تعبيرات إنشائية تجسد التطورات والتحولات التقنية. •
 التعبير عف التوقعات المستقبمية للئنشاء في أشكاؿ قابمو لمنمو والاندماج •
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 التأكيد عمى العلبقة التفاعمية بيف المنشأ والمتمقي. •
 المشاريع المنتخبة: :21

 الممتوي لولبياً الجذع مبنى  :21-2
(Turning Torso) 

 (.Santiago Calatrava 1002 صمملمم -لسويد)ا
أعمى مبنى ويعد  .السويدية مالمو يقع في مدينة طابقاً  45متر,  091سكنية ارتفاعيا  ناطحة سحاب ىو

 .في السويد سكني
يُعبر فقط عف لـ البرج و ، فرنسا لأفضؿ مبنى سكني في العالـ  البناء فيفي معرض  (MIPIM) عمى جائزة حصؿ

 (.6شكؿ ) [2010أوان الكىيتي،].عف التكنولوجيا والتقنية المتقدمة المفيوـ اليندسي المُميز ولكف أيضاً 
 :الفكرة التصميمة والشكل المعماريعمى مستوى  -أ

المسمحة، ويتمحور في تسعة مكعبات دورانية ىيكميا الرئيسي ىو والزجاج والخرسانة الفولاذ مف  البرج شيد
مع محور دوراف الطوابؽ، أما الغلبؼ الخارجي  عنصر أساسي مف الخرسانة المسمحة، ومركز البناء فيو يتطابؽ تماماً 

ة التي ترتبط . يتميز بشكؿ ديناميكي. والأسطوانة المركزية الرئيسيوالألمنيوـلممبنى فمصنوع مف لوحات مف الزجاج 
  .النظـ التكنولوجية والخدماتو  تحتوي عمى المصاعد ناتئفييا اليياكؿ الأفقية بشكؿ 

الواجيات مكونة مف و ، وىذا يجعؿ بنائيا وتشييدىا في غاية التعقيد. لولبي سطح البناء لكوفالواجية ليا انحناء مزدوج 
أوان ] ..لوحة 011نافذة. سطح الموحات منحني أما الزجاج فيو مسطح. كؿ مكعب مغطى ب 0041ولوحة  0811

  (.6شكؿ ) .[2010الكىيتي،

الذي جانب العمى  اعتماداً وىذا ، الخارجميؿ إلى الداخؿ أو ت، فالنوافذ يجب أف بيدؼ إعطاء الشكؿ المولبي لممبنىو 
 الشرقي فيو إلى الخارج.  الجانبفي الجانب الغربي الميلبف ىو نحو الداخؿ، أما في فمف المبنى. تتواجد في 

 : الييكل الفولاذي الخارجيعمى مستوى  -ب

 )العمود الفقري مثلبالمذاف و الخرسانة المسمحة مف عناصر مف الفولاذ و الرئيسي الإنشائي ييكؿ اليتكوف 
 مف التآكؿ. لحمايتيا ومطمية المحاـ البعض عف طريؽ اببعضي ارتبطتالعناصر الفولاذية لمدعـ الخارجي ف .لممبنى(

أنبوب  01وىنالؾ  يصؿ إلى نياية طوابؽ المبنى، "A" مدعـ الخارجي يتألؼ مف أنبوب عموديي لفولاذالعنصر الو 
ىذه الأنابيب مرتبطة بالجدراف الييكمية وتحتضف طابقيف في المنطقة وكؿ . "A"بالعمود ةمتصم أنبوب قطري 08وأفقي 

تحويؿ جيد أنابيب الفولاذ إلى الأسطوانة الخرسانية المركزية. وعلبوة عمى ذلؾ، فاف العمود  بغيةالعموية لكؿ مكعب. 
 .الفولاذي مرتبط بعنصريف مف عناصر الاستقرار في كؿ طابؽ. وتستخدـ ىذه العناصر لتثبيت ودعـ العمود الصمب

  . [2010أوان الكىيتي،]

 (.6شكؿ ) الفولاذي المركزي. الييكؿمع رتبط تمُعززة بقضباف معدنية  فتكوف الطوابؽأرضيات أما 
 (Norman Foster. 1991لممصمم  متراكإن  -لندن) (Stansted Airport) مطػار ستانستػيد :21-1

واف تمؾ المشاريع بما تمتمكو مف متطمبات  خاصةأىمية تصميمية كبيرة أخذت المطارات ومحطات النقؿ 
قاـ المعماري نورماف فوستر بتصميـ مطار حيث  ،تتطمب حمولًا فريدة ومبتكرةالية منشئية وتكوينية ووظيفية وخدمية ع

مبنى عمى  خمؽ ، فضلًب عفالتعديلبت أو أي توسعات تحدث في المستقبؿ يتسـ بأقصى درجة مف المرونة لمواجية

http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B3%D9%88%D9%8A%D8%AF
http://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%B7%D8%AD%D8%A9_%D8%B3%D8%AD%D8%A7%D8%A8
http://ar.wikipedia.org/wiki/%D9%86%D8%A7%D8%B7%D8%AD%D8%A9_%D8%B3%D8%AD%D8%A7%D8%A8
http://ar.wikipedia.org/wiki/%D9%85%D8%A7%D9%84%D9%85%D9%88
http://ar.wikipedia.org/wiki/%D9%85%D8%A7%D9%84%D9%85%D9%88
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B3%D9%88%D9%8A%D8%AF
http://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B3%D9%88%D9%8A%D8%AF
http://ar.wikipedia.org/wiki/%D9%84%D9%88%D9%84%D8%A8
http://ar.wikipedia.org/wiki/%D9%84%D9%88%D9%84%D8%A8
http://ar.wikipedia.org/wiki/%D9%84%D8%AD%D8%A7%D9%85
http://ar.wikipedia.org/wiki/%D9%84%D8%AD%D8%A7%D9%85
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المتزايدة المستخدمة لإعطاء أكبر قدر ممكف مف المرونة ليواجو الأعداد  ىيئة ضخمة تتكوف مف خلبيا نمطية متكررة
 .الإخلبؿ بالتصميـ لممطارات بدوف

 :الفكرة التصميمة والشكل المعماريعمى مستوى  -أ
ويحمؿ كؿ خمية عمود  متر 04 وبارتفاع متر ( 36×36)بمقياس كمظمة ضخمة تتكوف مف خلبيا متكررة ىجاء المبن 

نيايتيا قبة مفمطحة مف ألواح معدنية خفيفة تتوسطيا أربعة أغصاف تحمؿ في  عمي شكؿ شجرة مف أنابيب الفولاذمف 
بيذه الطريقة الإنشائية تـ تحرير ، و فتحات زجاجية ينساب منيا الضوء الطبيعي لإنارة الأجزاء العميقة مف المباني

تملؤ معظـ مساحات  ـ00 بذلؾ إلى ستارة مف الزجاج بارتفاع الواجيات الخارجية الأربعة مف أي عوائؽ وتحولت
عف تساقط أشعة الشمس بفضؿ البروز الضخـ لمسقؼ  والبعيدمف أي وىج  الخالي المبنى بالضوء الطبيعي

 (.7شكؿ )  [.2012أحمد المهندس،] الواجيتيف الشرقية والغربية. أماـ

 :الييكل الفولاذي الخارجيعمى مستوى  -ب

المقنطر ىو شارع ذو واجيتيف مف  الرواؽ إفحيث  ثلبثية الأبعاد. الفولاذيةتغطيػة كانت الفكرة الأساس ىي ال
وىي تستند وكأنيا أجنحة إلى كابلبت  ، ليا قنطرة أسطوانية منخفضة الارتفاع،أنواع مختمفة التصميـ مف المحلبت

التغييرات البيئية مف ضوء  معدنية موصولة بقمة القنطرة، وأما السقؼ الخفيؼ فيو عبارة عف قرص متحرؾ يتفاعؿ مع
العنصر الإنشائي الداخؿ ويرمز  ة السقؼ المجنح الذي ينفتح لكي يتـ التحكـ بالمناخ الداخمي والضوءوىواء تفصيم

 (.7شكؿ ) الحامؿ ثلبثي الأبعاد إلى شجرة تتفرع أغصانيا للؤعمى.

( لقاعة المسافريف الكبيرة لإعطاء جو مف الطمأنينة. حيث يلبحظ عؿ 2ـ32000فقد تـ تسقيؼ فضاء بمساحة )
سقفاً طافياً في الجو )استخداـ فكرة الطيراف المجازية( فقد استعمؿ المصمـ أقصى تكنولوجيا منشئية متاحة  المطار

 .لموصوؿ لممرونة التصميمية

مكوف مف الأعمدة وكأنيا سيقاف أشجار، كما أُظيرت ىنا خاصية العمؽ  فولاذي وشبكة السقؼ تستند عمى منشأ
خلبؿ قشرة السقؼ التي أعطت مساحة كبيرة عمى شكؿ قباب وشبكة مربعة  التنظيمي مف خلبؿ الأعمدة وكذلؾ مف

، وتتفرع مف المساند العمودية المربعة فروع حديدية لحمؿ قباب السقؼ وىذه الفروع عبارة عف 2ـ36الشكؿ ذات مساحة 
يا بشكؿ حمقي مما أنابيب وقابموات فولاذية مغمفة بنسيج زجاجي مضاد لمصدأ والرطوبة، وتتصؿ تمؾ الفروع مع بعض

   [.2012أحمد المهندس،] يجعميا تشبو الأشجار الحاممة لقباب السقؼ.
 لأنظمة المنشآت الفولاذية:  الجماليات الرمزيةاستخلاص  :13
 .الفولاذية الإنشائية الصيّغ جماليات عن الرمزي التعبير لسبّ  :13-1

 لمتلبقي ةوسيم تمثؿ تصميميا عممية بالتالي إنسانية، ومتطمبات حاجات سدّ  عمى الفولاذي الإنشاء أنظمة تقوـ
 والجمالية، الرمزية دلالاتيا ليا وتقنيات وأشكاؿ وطرؽ بمواد عنيا يعبّر عده، روابط خلبؿ مف المستخدـ والتواصؿ مع

 تتحدث ماده كؿ أف Right ىرأ الإطار ىذا وحوؿ. والأفكار المشاعر لنقؿ تعبيريو وظيفة الأنظمة يصبح لتمؾ بحيث
 عمؿ خلبؿ مف بالانطلبؽ ليا ويسمح الروح ىذه يكشؼ أف المصمـ عمى وأف الموف، أو الخط يتحدث خاصة كما لغة
 حقيقة عف تعبير ىو إلية الإشارة أو الييكؿ بكشؼ سواء الإنشاء عف التعبير أف Perret أعتبر كما .بالحيوية يتسـ
 نفسو يحرـ إنشائي ىيكؿ مف جزء يخفي مف أف وأضاؼ الجماؿ، أساس لكونيما سميميف ومنطؽ عمى نظاـ تبني ةمطمق
 المرئي الإنشاء يعد الحالييف ففي ،ىمغط أو مكشوؼ الييكؿ كاف وسواء بيا، يتحمى أف يمكف للئنشاء حميو أجمؿ مف
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 مف النابع الجماؿ أف مفScott  رأي مع يتفؽ كماو ، [29، ص:1970علي رأفت،] .لمشكؿ الركائز الجمالية   مف المحسوس أو
 تتواجد constructive vividness إنشائية وحيوية المنشأ، سلبمة عمية يعتمد إنشائي تماسؾ :ىما معنييف لو يكوف الإنشاء

 يجعؿ ما وىو وعاطفيًا، نفسيًا معيا المتمقي يتجاوب وتجعؿ الإنشائي الشكؿ تأثير الناتجة عف بالبيجة يوحي كمظير

 أكد الفولاذي المنشأ في البنائية العناصر أىمية وعف. الأفكار عف يعبر sublimated structureمتسامي  إنشاء العمارة
Wasser الوقوؼ تماثؿ المنشأ ةأعمد واصفاً إياىا المنشآت في اميمً  وجماليًا تشكيميًا دورًا والدعاماتللؤعمدة أف  عمى 
  .[Wasser, 2000, p:47]. حوليا ومف ما لكؿ والجاذبية للئشعاع مركز أنيا ، كماةشجر  ظؿ تحت بأماف
  :الفولاذي الإنشاء أنظمة فيالرمزي  التعبير جوانب :13-2

: صورتيف فيتروفيوس إلى صّنفيا فقد Expressional Aestheticsالتعبير  بجماليات اىتمامو إطار في
 ومعاني البناء بدلالات عناصر ربط مف تنبع symbolic Aesthetics ةرمزي ىوأخر  والفراغات، الكتؿ بتذوؽ شكميوُ تعني

 والتكويف بالشكؿ تًعّني تجريدية جماليات: نوعيف إلى Perraultوقسّميا  [.383، ص:2006شاكر عبد الحميد،] .ما بفكرة توحي

 لذا. [.6، ص:1997علي رأفت،] .بيا القياـ عمى قدرتو واستيعاب البناء فيـ وظائؼ مف تنبع وظيفية ىوأخر  العناصر، وعلبقات

 ىاـ ركفّ  أنيا عمى معيا التعاطي إلى المصمـ يدعوا الإنشاء، مما في بالرمز التعبير جماليات مف الاستفادة أىمية تتضح

 .الفولاذي المنشأ صياغة في وحيوي
جماليات  منيا: ةعد بمفاىيـ الفولاذي الإنشاء جماليات مرّت فقد الشكؿ، مرجعيات في المستمرة التحولات مع وبالتوازي

 ةجمالية مستمد تعبيرات للؤشكاؿ يكوف أف ضرورة عمى أكد Berg لػ مصطمح وىو Mechanical Aestheticsبالآلة  التأثر
 مف الأشكاؿ تمؾ تصاغ وأف( 8شكؿ ) ،رموز ذات تكوف أو مضموف تحمؿ أف يشترط ولا للآلة، الجديدة الإمكانيات مف

الجماليات  مصطمح ظير كما .الزخارؼ مف ةوخالي مصقولة ممساء، الاستدارة، كاممة أو الزوايا كاممة كّتؿ ومساحات
مكانياتيا الحديثة التكنولوجيا دقة مف الاستفادة عمى ويعتمد ىولايف أسّسو Slick-techالممساء  في  مبالغات إحداث في وا 
 مع نياية بزّغ كما .مميزه تأثيرات لإعطاء معًا والظلبؿ الأضواء تداخؿ مف والاستفادة وصقميا، المنشآت أسطح معالجة

 صيّغ ذات ذكيو أنظمة لتقديـ الافتراضية وعوالميا التقنية الوسائط مف استفاد والذي الرقمية الجماليات مصطمح 20 القرف
 وتحمؿ رؤى والدينامية بالحركة توحي إنشائيًا ومحممو اً فراغي معقدة التقميدي الإنشاء قاموس خارج مف بنائية وتراكيب

  [.15، ص:1991، سالم الرحيم عبد] .ةمستقبمي ومضاميف

 

 

 

مصطلحاته

 ا
 أدواتها

 آنيتجمبنيبث 

 عضىيتجمبنيبث 

 مهسبءجمبنيبث 

 رقميتجمبنيبث 

 أخريجمبنيبث 

 خطىط وأسطح

 تكىينبث وأنىان

 انمهمس وانفراغ

 الإضبءة وانتركيت

 انمىقع وانفكرة

جماليات التعبير في الأنظمة 

 الفىلاذية

 تصنيفها

 جمبنيبث شكهيت

 تفسيرها

جماليات 

 رمزية

 جمبنيبث وظيفيت

 إتجبه مىضىعي

إتجاه 

 اندماجي

 إتجبه ذاتي

 )الباحث( مصطلحاتها وبعض المعدني الإنشاء أنظمة في التعبير جماليات وتفسير ( تصنيف3مخطط )
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 التعبير الرمزي المقترحة في الصيغ الإنشائية  مفردات( يوضح 1جدول رقم )         
 التعبيريةالشكمية و من النواحي  من النواحي الوظيفية والإنشائية

 والإنشاء الحيز بيف المتزنة العلبقة عمى التأكيد
 

 العاـ ومظيره المنشأ شخصية تكوف التي بالتفاصيؿ الاىتماـ
 خارجيًا وداخميًا

 لمنظاـ والوظيفي البنائي المضموف بيف التوافؽ
 

 ةعلبقات تناسبي يحقؽ الذي( Module) المديوؿ اختيار
 الأجزاء بيف التوافؽ وتحقيؽ المنشأ عناصر بيف جميمو

 والكميات
 الداخؿ بيف الفراغية والحيوية الانسيابية مبدأ عمى التأكيد

 والخارج
 المنشأ المستخدـ وأبعاد مقاييس بيف التناسبية العلبقة مراعاة

 امتدادات أو تغييرات لإجراء التصميـ مرونة عمى التأكيد

 النيايات نظـ مفتوحة باستخداـ مستقبمية
 والعلبقات المونية الإنشائية العلبقات في التوازف تحقيؽ

 معايير إلى ترتكز مميزه إنشائية وقوالب صيغ عف البحث

 إنسانية
 التصميمي لإحداث التنوع الإنشائية النظـ مف الاستفادة

 الإبداعي والتبايف
 وديناميكية حره تشكيلبت نحو السعي واليندسية المادية الاستمرارية بمبدأ الاىتماـ.

نشائيًا شكميًا المتوافقة المواد استخداـ انسب  واقتصاديًا وا 
 الوظيفي الأداء كفاءة لتحقيؽ

 : الطبيعة في الجمالي التشكيؿ مبادئ بعض مف الاستفادة
 البساطة، الحيوية، التبايف، الانسجاـ، التناسب، كالوحدة،

 .الخ.القوه
 الإنشائية الميجة عف لمتعبير مناسبة مفردات استخداـ

 الخ(.. تفكيكية بنائية، )عضوية، المنتقاة
 وطريقو الشكؿ الموف، المادة، عف بالرمز التعبير إلى المجوء

 الإنشاء
 البنائية رلمعناص الدلالات الرمزية بيف التوافؽ مراعاة

 
 ومعالجة عناصره نحتية بنائية كأطروحة النظاـ مع لتعاطي

 حركي مدلوؿ لإعطائو دينامية بطريقة
ظيار لمفراغ جديدة أبعاد عف الدائـ البحث  تنظيماتو وا 

 مميزة بطريقة
 الشكؿ مرجعية عمى تؤكد الإنشائية التي التعبيرات مراعاة

 قابمو أشكاؿ في للئنشاء المستقبمية التوقعات عف التعبير

  والاندماج لمنمو
 والتنوع التبايف عمى القائمة التعبيرية الوحدة تحقيؽ

 والمتمقي المنشأ بيف التفاعمية العلبقة عمى التأكيد
 

 التقنية والتحولات التطورات تجسد تعبيرات إنشائية صياغة

 المعاني نقؿ في والمجرد الصريح التعبير استخداـ واضح سياؽ دوف غريبة بنائية عناصر استخداـ تجنب
 الإنشائية  للؤشكاؿ المسبؽ الافتراض عمى الاعتماد عدـ
 

 :مثؿ مكفأ إف بالثنائيات الإنشائية عف الصياغات التعبير

 /الشفاؼ الخياؿ، /الواقع التلبشي، /النمو الفراغ، /الكتمة

 التعقيد. الخ. /البساطة المعتـ،
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 :البحث وتوصيات العامة نتائجال
  تعتمد الكفاءة المنشئية والأداء المنشئي بصورة كبيرة عمى طبيعة المادة المنشئية المختارة وخصائصيا خاصة

 ما يتعمؽ بقدرتيا عؿ تحمؿ الإجيادات وادائيتيا المنشئية.

 كاف نحو كشؼ الييكؿ الفولاذي لأسباب جمالية والذي مثّؿ واحداً مف الأساليب في المنشآت  التحوؿ الكبير
 لمعديد مف الحركات المعمارية.المفضمة 

 ثراء الإنشائية الصيّغ في تطورات إلى تؤدي أفكار أي إف  مميزة رؤية مف عادة تنبع والبيئية العمرانية لمصور وا 
 الإنشاء: مبدأ خلبؿ مف الفراغية والحيوية الإنشائي للبقتصاد يقوتحق وكيفية المصمـ قبّؿ مف الفراغية لمعلبقات

 .الخارج مع الأكبر بالحدّ  والتواصؿ الثقؿ بالحدّ الأدنى مف
 بطريقة بدورىا تتأثر التي الرمزية إيحاءاتو باختلبؼ لآخر فولاذي نظاـ مف التعبير بجماليات الإحساس يختمؼ 

 [معتمة ، شفافة] الخارجية والتغطيات[ مستوية منحنية،] الشكمية الصيّغ وطبيعة[ مائمة راسية،] الأحماؿ انتقاؿ
 والبيئة[ مفتوحة مغمقة، منتظمة، غير منتظمة،] الفراغية والتشكيلبت[ متنافرة منسجمة،] المونية والمعالجات

 .المنشأ مف وموقعة ووثقافت المتمقي المحيطة وحالة

 الفولاذية تحتوي بعضاً مف أقوى النماذج المميزة لمعمارة الحديثةت آالمفردات البصرية المرتبطة مع المنش. 
 وليجات أبجديات ليا بنائية لغة أوليا:  آليات لثلبث المتمقي مع تواصمو في الفولاذية الأنظمة مصمـ يحتاج 

 ىبمحتو  رسالة وثانييا وفيميا، قراءتيا المتمقي ويستطيع بيا وميارة معرفة عمى المصمـ لمتعبير، يكوف
 للبتصاؿ وسيمة وثالثيا المتمقي، منيا ويستفيد ويستقبميا المصمـ ويصيغيا يحددىا، رمزي-جمالي-وظيفي
 .المتمقي معيا ويتفاعؿ المصمـ يصيغيا ومعالجات بنائية مفردات تتضمف

 عادة تداوليا يستمر مفردات مف الفولاذي الإنشاء مجاؿ في البنائية المغة تتألؼ  صياغات في توليفيا وا 
 في تبايف مف عنيا ينتج وما الصيغ في المستمرة التحولات تمؾ وأف مختمفة، برموز لتوحي لانيائية وتركيبات
 .الإنشائية ليجتو ويعطيو عصر لكؿ البنائية الخصوصية يميز الذي الإنشاء ىو تطبيقات

 وتصاغ بنائية، ومفردات رموز تتضمف واضحة أبجديات ليا كمغة الفولاذية الأنظمة مع التعاطي تعظيـ إف 
 والدلالات المعاني مف واسع بمدي الشكمية صياغاتو دعـ لممصمـ يتيح ومعاني، أفكار لنقؿ برسائؿ محدده

 .معيا والتجاوب واستيعابيا المصمـ رسائؿ قراءه المتمقي وتيسر عمى والجماليات
 نما بو المصمـ يبدأ أف يشترط ولا البنائية، المغة في ضروري الرمزي التعبير إف  بعد إلية ينتيي وأف لابد وا 

 في بارعًا لغتو مفردات مف متمكنًا المصمـ كاف وكمما المتطمبات، لكؿ واستيفائو المعطيات لكافة تحميمو
 .أكبر ومشاعره سموكو في والتأثير المتمقي مع التواصؿ كاف لتأثيراتيا وواعيًا مممًا بميجاتيا صياغتيا

 الأحياف في التجارب المرتبطة بالغلبؼ الخارجي لممبنى حيث يضيؼ أىمية إلى  يستعمؿ الفولاذ في أغمب
 .التأثير البصري العاـ لذلؾ المبنى
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 Faculty ofيوضح توفير المواد الجديدة لممرونة التصميمية مف خلبؿ بروز قاعة المحاضرات عف مبنى ( 1شكؿ ) 

Engineering    لممعمارStirling and Gowan  1963 

  http://lebbeuswoods.files.wordpress.com/2010/11/stirling-5.jpg: المصدر

 

 التشكيؿ بخطوط منحنية ومستقيمة وبمعالجات شكمية وتعبيرية مختمفةيوضح ( 2شكؿ )

  http://www.steelcaddetailing.co.uk/wp-content/gallery/madeley-academy/new_madeley4.jpgالمصدر: 

 

  Stratfordالمقوّس لمحطة الإنشائي المعدني الييكؿ ( يوضح 3شكؿ )
 http://www.flickr.com/photos/55935853@N00/7028902411المصدر: 

 

 وانعكاساتيا التعبيرية يوضح أثر المعالجات المونية في المنشآت المعدنية( 4شكؿ ) 
 http://darrellyoungarchive.photoshelter.com/image/I0000uu0b.SyMS4g: المصدر
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 الماكنة أشكاؿ الاقتراف مع السعي نحو التي مثلتّ  تصاميـ الفكار و الأ( بعض مف 8شكؿ )

 /http://beineckegenmod.wordpress.com/category/constructivismصدر: 

 

مبنى الجذع المتحوؿ ( 6شكؿ ) 
(Turning Torso)  لممعمارsantiago-

calatrava 
  http://sonachavdadotcom.files.wordpress.com/2012/03/turning_torso_santiago-calatrava.jpgالمصدر: 

 

 1991لندف لممصمـ نػورماف فوستر  Stansted Airportمطار ستانستيد ( يوضح 7شكؿ )

 http://www.e-architect.co.uk/images/jpgs/london/stansted_airport_exterior_01.jpgالمصدر: 
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