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Preface 

The 2nd International Engineering Conference on Developments in Civil and Computer 
Engineering Applications (IEC2016) is held for the period from 21 to 22 February 2016. 
This year the conference is organized jointly by ISHIK University and Erbil Polytechnic 
University. ISHIK University is always keen to establish connection with other educational 
institutions whether nationally or internationally. 
The conference tracks included the following research topics: Structural Materials, 
Structural Engineering, Earthquake engineering, Geotechnical Engineering, Environmental 
Engineering, Fluid Mechanics, Transportation Engineering, Restoration and Rehabilitation 
of Historical Buildings, Construction Management, Sustainability of Concrete and Steel 
Structures, Artificial & Computational Intelligence, Control and Robotics, Communications, 
Networking & Protocols, Parallel & Distributed Processing, Signal and Multimedia 
Processing, Biomedical and Health Informatics, Mobile and Smartphone Applications, 
Software Engineering and Applications, Green Computing for Sustainable Energy and 
Cloud Computing. 
 
The program committee (the reviewers) comprised of more than 24 members. All of which 
are Ph.D. holders and professional in certain engineering area that is relevant to one or more 
of the conference tracks mentioned above. The same international conference standards that 
were adopted in the previous IEC2014 were adopted in IEC2016. All submissions are peer-
reviewed by at least three program committee members to insure that submissions conform 
to certain quality measures. The quality measures included several criteria such as writing 
skill, quality of the presentation and contents, fitness of the title, significance for theory or 
practice, originality and innovation level.  
 
This year, more than 40 manuscripts were received targeting both the civil and computer 
engineering fields. Of those submissions eventually about 68% were accepted using a 
thorough reviewing process. The authors of manuscripts exceeding certain plagiarism 
percentage were notified to adjust their manuscripts otherwise these submissions were 
rejected with notification to the authors. Each submitted manuscript was double-checked for 
plagiarism and template format and then reviewed by at least three members. Some 
reviewed submissions were marked as “revise” and authors of those submissions were given 
the chance to revise their manuscripts considering the reviewers professional feedback. 
These revised manuscripts were resubmitted for one final review process to either accept or 
reject. Some other manuscripts were rejected or withdrawn because they were not within the 
conference scope.  
 
 
 

Asst. Prof. Dr. Ali Kattan 
                           Editor-in-Chief  
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Sustainable Wastewater Treatment in Constructed Wetlands 

Yaseen Ahmed Hamaamin 

Civil Engineering Department, Faculty of Engineering, University of Sulaimani, KRG-Iraq 
yassen.amin@univsul.edu.iq 

 

ABSTRACT 

Waterborne diseases and contaminations originate from either/both point sources 
(e.g., sewage discharge) or nonpoint sources (e.g., agricultural practices) of 
pollutions have resulted in human infection and death, social and economic 
consequences. Using conventional water disinfectant chemicals such as chlorine 
results in generating unwanted carcinogen (cause cancer) by-products. Therefore the 
use of sustainable wastewater treatment disinfection is necessary. Wetlands have 
been used as an economic and environmental-friendly method of wastewater 
treatment without using any chemical agents. Wetlands can improve the quality of 
water using intricate combination of physical, chemical and biological reactions 
through sedimentation, filtration, nutrient transformation, microorganisms 
stimulating and plants uptake processes. Constructed wetlands fall under two 
hydrological groups, surface flow and subsurface flow wetlands. Surface flow 
wetlands use shallow depth of water for the treatment which sunlight, 
microorganisms and plants are involved. The subsurface flow wetlands treat water in 
subsurface permeable media through physical, chemical and biological reactions, 
that plants root zone plays an important role. Wetlands can recover and improve 
water quality safeguarding the build-up of harmful chemicals in the environment. 
This paper illustrates and discusses different types of constructed wetlands as natural 
sustainable cost-effective wastewater treatment option without any harmful chemical 
by-products. The design aspects and pollution removal mechanisms in wetlands have 
been discussed as well.       

Keywords: Constructed Wetlands, Sustainable Management, Wastewater 
Treatment. 

 
1.  INTRODUCTION    
 

Wastewater is the water that has been used for human activities and requirements 
which usually contains various pollutants and pathogens, depending on its usage [1]. 
Domestic wastewater, agricultural drainage, industrial sewage and stormwater runoff 
have great negative impact on receiving water ecosystems such as rivers, lakes and 
estuaries. This is mainly because untreated wastewater usually contains 
contaminants, nutrients (nitrogen and phosphorus) that can deplete the amount of 
dissolved oxygen and stimulate the growth of aquatic plants (known as algae boom), 
which called eutrophication problem in receiving waters [2, 3]. However reducing 
contamination from wastewater is essential, also the treatment processes must have 
minimum impact on the environment, including, but not limited to, preserving the 
aquatic ecosystem, reducing energy usage, minimizing greenhouse gas emissions, 
and finally minimizing unwanted harmful by-products [4].  

mailto:yassen.amin@univsul.edu.iq
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Over the past few decades, several cases of animal manure and fecal bacteria 
related diseases have been reported. In January 1987, manure runoff caused 1300 
infections in Georgia. In 1993, due to manure and human excrement 87 people died 
of 400000 total infection cases in Milwaukee, Wisconsin. In 2000, E coli entered 
water supply system as result from farms runoff in Walkerton, Canada and resulted 
in death of 6 people out of 2300 infection cases [5, 6]. 

While most abundant water disinfection methods are done by using disinfectant 
chemicals such as chlorine, however, using chemical disinfectants are costly and 
produce unwanted by-products such as trihalomethanes, which are carcinogenic [7]. 
Thus, lately directions are towards using more environmentally sustainable, socially 
accepted, and cost-effective wastewater treatments methods, and here may wetlands 
be the promise systems [2, 8]. 

Wetlands are natural filters, helping to improve the quality of wastewater from 
point and non-point pollutant sources from urban and agricultural lands. Constructed 
wetlands are engineered systems mimic natural decontamination processes which 
plants, soils and associated microorganisms are involved [9]. Therefore in the recent 
years, constructed wetlands have been used as economical, biodegradable and 
effective way for the treatment of different types of wastewater at different stages, 
primary, secondary and tertiary levels of treatment [10].  

This paper reviews wetlands importance as modern sustainable environmental- 
friendly technique for point and nonpoint pollution sources removal and wastewater 
treatment.   
 
2.   CONSTRUCTED WETLANDS  
 

Constructed wetland is considered a complex bioreactor, simulating natural 
wetland systems in which a number of physical, chemical, and biological processes 
occur. In the system microbial communities, emergent plants, soil, and 
sedimentation take place. As nitrogen (N) and phosphorus (P) concentrations are the 
cause of adverse effects in receiving water systems. As illustrated in Table 1,  
constructed wetland  relatively gives superior removal results in biochemical oxygen 
demand (BOD), suspended solids (SS), total nitrogen (TN) and total phosphorus 
(TP) compared with the conventional wastewater treatment plant (which uses 
wastewater treatment conventional units). Moreover the additional benefits of the 
removal of bacteria (E.coli) and heavy metal are turned out in the wetland [11]. 
 
2.1.   TYPES OF CONSTRUCTED WETLANDS 
 

 According to hydrology or flow direction in the system, constructed wetlands can 
be divided in two types, surface flow and subsurface flow wetland systems. The 
selection of the wetland type depends on the characteristic of wastewater (pollutants 
type and concentration), the available land and the required treatment level.  
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TABLE 1. 
Removal comparison of a conventional treatment plant with a constructed wetland 

for sewage treatment with flowrate of 100 m3/day [11] 
 

 
Treatment 

system type 

Economic Considerations Removal Efficiency %  
Remarks Const-

ruction 
cost($) 

Management 
cost ($/year) 

size 
(m3) BOD SS TN TP 

Constructed 
Wetland 220 000      300 800 80-90 80-90 45 55 

heavy 
metals and 
E.coli 
removal 

Conventional 
treatment 
plant 

300 000     2000  99 70-80 20-30 <20  ---  ------ 

 
 
2.1.1.   SURFACE FLOW WETLAND SYSTEMS  
 

In surface flow wetlands, the depth of surface water flow systems varies from 20 
to 60 centimeters, and the wetland is heavily vegetated. Surface flow wetlands fall 
into two groups according to the vegetated plant type. Figure 1, shows surface flow 
wetland with floating plants (duckweed), while Figure 2 shows surface wetland with 
emergent plants (macrophytes). The shallow depth of water in the system allows 
high intensity of sunlight penetration to the wetland bottom, which helps in an active 
photosynthesis and plants growth. The surface flow wetland systems offer low 
construction cost, but they generally have a lower contaminant removal efficiency 
compared with sub-surface flow systems. This type of wetlands is useful for 
wastewater treatment plants effluent treatment. Wetlands with floating plants have   
higher percentage of nutrient removal compared to wetlands with no free-floating 
plants, through frequent harvesting of the plants [12]. 
 
2.1.2.   SUBSURFACE FLOW WETLAND SYSTEMS   
 

This system consists of a ditch or a bed, mostly bounded by an impervious layer 
to protect groundwater from pollution.  Figure 3 shows horizontal subsurface flow 
constructed wetland and Figure 4 shows a vertical flow subsurface constructed 
wetland. The filter media of subsurface wetland system along with the physical 
removal of impurities assist the growth of emergent plants in which help and 
improve purification process. The media is typically composed of mixture of 
different soils including sand, crushed gravel of 10–15mm diameter, in various 
combinations according to the required removal [13]. 

 
3. MECHANISM OF CONTAMINANTS REMOVAL IN CONSTRUCTED        
WETLANDS 

 
Nitrogen as an abundant element on earth exists in different organic and inorganic 

forms; it represents major water pollutant that has a complex biogeochemical cycle 
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with several biotic and abiotic transformations. Biotic transformation mediated by 
microorganisms while abiotic transformations resulted from chemical reactions. 
Wastewater treatments in constructed wetlands are multiple including different 
nitrogen reactions such as ammonification (decomposition of nitrogenous 
compounds to generate ammonia), ammonia volatilization, nitrification (biological 
oxidation of ammonia), denitrification (microbial reducing nitrate to gaseous 
nitrogen), nitrogen fixation (combining atmospheric nitrogen with other elements),   
and nitrogen uptake by plants and microorganisms [11].  

 

 
FIGURE 1. Surface flow wetlands with free-floating plants [12] 

 
 
 

 
FIGURE 2. Surface flow Wetlands with emergent plants (macrophytes) [12] 

 
 
 

 
FIGURE 3. Wetlands with horizontal sub-surface flow [13] 
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FIGURE 4. Wetlands with vertical sub-surface flow 
 
 
3.1.   ROLE OF PLANTS IN CONTAMINANTS REMOVAL  
 

Planted wetlands perform better depollution than unplanted systems. Plants have 
direct and indirect roles in the pollution removal in wetlands. The direct role of 
plants on the removal process is the plants uptake of pollution in their tissues. The 
indirect role of plant in the removal process is their supports for the microbial 
communities that are exist in the plant root zone. It is documented that plants support 
the survival of microorganisms live in the root zone (rhizosphere), those have main 
role in the removal of contaminants [12, 13].                  
    Plants can remove nutrient by uptake to their tissues up to 23%. Stimulation of 
microbial activities in the plants root zone doubled the pollutant removal compared 
to unplanted systems [14].  Also, plants roots improved the filtration of pollutant 
suspended particles by 22% in contrast to unplanted systems [11, 15].  
 
 
3.2.   ROLE OF MICROORGANISMS IN CONTAMINANTS REMOVAL 

 
Plant roots emanate oxygen, nutrition and organic carbon for denitrifier 

microorganisms which stimulate the nitrite removal process in constructed wetland 
systems [14, 16]. 

  Wetland systems showed high percentage of pathogen die-off rates for 
wastewater treatment plant effluent. Mechanism of bacteria die-off in wetlands can 
be result of complex relation chain in the system between different microorganisms 
such as predation, microbial competition, attack by lytic bacteria and phages (viral 
infection of bacteria).  Approximately 90 percent of pollutant removal in wetlands 
resulted from natural chemical processes such as periphyton. Also other processes 
take place or exist in wetlands can have a significant role in bacterial removal such 
as sedimentation, sunlight, absorption and natural die-off [14, 17, 18, 19, 20]. 
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4.   DESIGN CRITERIA FOR CONSTRUCTED WETLANDS 

Karem [8] examined the pathogen reduction in vegetated wetlands receiving   
runoff from lands and wastewater. The effect of different aquatic plants on the fecal 
bacteria die-off in wetlands was assessed as well. To calculate die-off for bacteria, 
the following equation (1) was suggested: 

 
log10 Nt/No = -2mx + b                         (1) 

 
Where:  Nt/No is the ratio of the bacteria number value at time (t) to the initial 

value (o), x is the time in days, b and m are constants.  
Farooqi [21] suggested equation (2) for calculating the surface flow wetland 

surface area. 
 

𝐴 = 𝑄𝐿𝑛(𝐶𝑖𝑛 − 𝐶𝑜𝑢𝑡)𝐾𝐵𝑂𝐷𝑑𝑛𝑣               (2) 
 

Where A is the wetland area (m2), Q is the influent wastewater flow rate (m3/day), 
Cin the influent BOD (mg per L), Cout the effluent BOD (mg per L) and KBOD is the 
rate constant (0.067-0.19) (  day-1), d is the depth of water in the wetland (m) and nv 
is porosity of wetland material. 
    Vymazal [9] presented equation (3) for calculating the area of horizontal wetland 
for waste treatment. The thickness of filtration bed in horizontal flow constructed 
wetlands is about 0.6–0.8 m, to permit plants roots go through the whole bed to 
ensure the release of survival essential materials (oxygen and nutrients) for living 
microorganisms in the root zone.  
 

𝐴ℎ = 𝑄𝑑[𝐿𝑛(𝐶𝑖𝑛)−𝐿𝑛(𝐶𝑜𝑢𝑡)]
𝐾𝐵𝑂𝐷

                      (3) 
 

Where Ah is the area surface flow of bed (m2), Qd the average inflow to the 
wetland (m3 per day), Cin the influent BOD (mg per L), Cout the effluent BOD (mg 
per L) and KBOD is the rate constant (0.067-0.19 per day). 
As an estimate for the required area for wastewater removal per capita, a 50% 
removal of nitrogen from municipal sewage can be achieved by using 5 m2 wetland 
bed area per single population equivalent [17].  

  
5.   CONCLUSION 
 

Wetland can be used as a cost effective environmental friendly treatment plant 
due to its lower cost of construction, maintaining and running comparing to 
conventional treatment plants. It also removes pollutants and pathogens in natural 
pathways without releasing any chemical unwanted or harmful by-products, 
safeguarding aquatic ecosystems, reducing energy usage, minimizing greenhouse 
gas emissions. 

Constructed wetlands remove contaminants from surface water by vague 
combined effects of physical, chemical and biological processes. According to the 
hydrology of the system, two types of wetlands are exist, surface and subsurface 
flow wetlands. 
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Planted wetland systems have better removal performance compared to unplanted 
systems. Plants have direct and indirect affect on wetlands removal capacity, the 
direct effect of plants in removal is by uptake of nutrition; while the indirect effect of 
plant root systems improves removal and stimulated microbial activities. A 50 
percent removal of nitrogen from municipal sewage can be achieved using 5 m2 of 
wetland area. 

The single-stage constructed wetlands cannot achieve high removal of total 
nitrogen, because both aerobic and anaerobic processes are not possible to occur in 
one type of wetland. Therefore the use of a mixture of surface and subsurface 
constructed wetlands in serious is recommended to combine the advantages of both 
wetland types for wastewater treatment. 
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ABSTRACT 

The term of sustainability gets more popularity among architectures, engineers and 
owners of newly designed buildings. Engineers try to produce new designs and make 
a link between long-life structures and more environmental friendly buildings. Using 
fly ash is an effective way to make concrete much more sustainable with less impact 
on environment, energy and reduces CO2 emissions as well. This was achieved by 
partial replacement of cement with high volume of fly ash. In this study five basic 
concrete mixes were considered, first mix was ordinary Portland cement with no 
replacements, other four mixes were cement replaced with fly ash by the following 
percentages 15%, 25%, 35%, and 50%. Compressive strength of concrete was 
investigated and found that mixes containing 15% of fly ash gave the best result (50 
MPa) in 28 days. It is recommended to test these mixes before use in construction 
projects. 

Keywords: Portland Cement, Fly Ash, Sustainability, Compressive Strength, 
Durability. 

 
1. INTRODUCTION 
 

Fly ash, which is a waste material that produced by thermal power plants in large 
quantity, is used in concrete as a mineral admixture to improve the durability and 
compressive strength of concrete. Fly ash not only used in normal buildings but also 
used in various infrastructures such as long span bridges, high rise buildings, dams 
and tunnels to achieve durability in concrete and to avoid micro-cracks that come from 
too much heat of hydration due to use large quantity of cement [1]. Fly ash not only 
improves the engineering characteristics of concrete but also it has a good impact on 
environment. Manufacturing each Kilogram (Kg) of Portland cement emits almost 1 
Kg of CO2 to the atmosphere [2]. Thus, construction materials contribute to 5-8% of 
all worldwide anthropogenic CO2 emissions [3]. Obviously, raw materials are finite 
resources and one day will be finished in nature, so concrete structures are designed 
for life time of 50 years. With the help of being performing some concrete mixtures, 
some structures now designed for the life time of 100 years which means a great 
achievement in terms of sustainable development [4]. In addition, just in Turkey every 
year 15 million tons of fly ash is produced as industrial by-product material from the 
combustion of thermal power plants and only 1% of this amount is used in 
construction industry. Thus, to compensate the raw materials that minimized 
continually from nature, the rate of using fly ash should be increased [5]. The main 
aim of this paper is to investigate the compressive strength of concrete in which 
cement is replaced by fly ash with up to 50%. To achieve this goal a target of 28 day 
compressive strength of 30 MPa was prepared.  
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2. EXPERIMENTAL PROCEDURE 
 
2.1 MATERIALS AND CONCRETE MIX DESIGN 

 
Five different mixes were investigated for the concrete with natural aggregate. The 

first mix was a control mix and did not contain any fly ash while in other four mixes 
the cement was replaced by fly ash with 15%, 25%, 35% and 50% respectively. The 
cement used was Type 1 ordinary Portland cement. The fly ash used was complying 
with ASTM 618 with natural, round and smooth aggregate sieved to 19mm. Both 
coarse and fine aggregate were washed, dried, and been kept for 24 hours before use 
as shown in Figure 1.Different water/cement ratio has been employed for all the mixes 
which are shown in Table 1. All mixes were designed based on ACI 211 Report 
[6].The amount of materials is shown in Table 1. 
 

 
 
 

 
 

 
 

 

 

 

  

TABLE 1. 

 Quantities of used materials in Kg/m3 

 

Item Cement     Fly ash             Sand   Aggregate  Water  w/c 
ratio 

 

          
0 %  fly ash  457.7 0  612.7  1143.5 200 0.437  
15% fly ash  
25% fly ash 
35% fly ash 
50% fly ash 

389 
343.3 
297.5 
228.9 

68.7 
114.4 
160.2 
228.9 

 612.7 
612.7 
612.7 
612.7 

 1143.5 
1143.5 
1143.5 
1143.5 
 

180 
180 
200 
200 

0.393 
0.393 
0.437 
0.437 

 

 
2.2 MIXING AND CASTING PROCEDURE 
 

All concrete mixes were prepared and mixed in a laboratory pan mixer. After 
drying fine and coarse aggregate they were blended for about 1 minute. Then cement 
and fly ash were added and blended for one more minute, and then water was added 
to the mix gradually to obtain a uniform batch. Cube samples were casted and 
compacted using a vibrating table until large bubbles were removed from cubes. 
 

FIGURE 1. Preparing the samples 
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2.3 CONCRETE MECHANICAL PROPERTY (COMPRESSIVE STRENGH) 
  

This study mainly focuses on compressive strength of concrete because it is the 
most important required factor by structural designers. Concrete samples were casted 
in cubes of 100mm, 100mm, 100mm dimensions and samples were cured for periods 
of 28, 60 and 90 days. It is reported by [7] that the fly ash has a negative effect on 
early ages strength of concrete. Therefore, later ages such as 60 and 90 days were 
chosen to examine the long term effect of fly ash on the strength. After curing the 
specimens were kept in a water tank for each period, three samples were tested per 
mix at each age i.e. 45 cubes were tested in total. 

 
3. RESULTS AND DISCUSSION  
 
3.1 WORKABILITY 

 
Except for first concrete mixture which contains no fly ash other mixtures show a 

good workability in laboratory conditions. In other words, using fly ash leads to reduce 
w/c ratio up to a certain amount. Previous studies show that the shape particles of fly 
ash are spherical which help to mix particles easily and this fact could be felt during 
work. As shown in table 1 adding 15% of fly ash causes reducing water by 10% to 
produce the same level of slump as plain concrete. Reduce water from 200 Kg/m3 to 
180 Kg/m3 for the same level of slump will produce more cohesive concrete and 
reduce segregation. The same situation will be true when cement replaced by 25%of 
fly ash. These results were consistent with other researcher’s results which can be 
found in literature [9]. However, when the amount of cement are replaced by 35% 
&50% the amount of water added by 10% to obtain the same level of slump because 
the fineness of fly ash. Therefore, the results that obtained from experiments were 
satisfied with literature.  

 

 
 

 
 

 
 
3.2 COMPRESSIVE STRENGTH AT 28 DAYS 

 
The strength of concrete is the property most valued by structural designers and 

quality control engineers because if the compressive strength of concrete achieved the 
required strength at 28 days it means the cube sample results are accepted. But, in fact 

FIGURE 2. Fly ash particles [8] FIGURE 3. Slump test  
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there are some other factors that effect on the properties of concrete in short and long 
term for example porosity, w/c ratio, curing, and types of aggregates. Porosity is an 
important factor that has fundamental inverse relationship with strength [10]. Since 
fly ash particles are finer than cement particles that would reduce the concrete porosity 
and improve permeability as well, this answer can be seen when cement replaced up 
to 15% of fly ash and then at 28 days a higher compressive strength can be obtained 
compared to normal Portland cement (average of 48.75 MPa vs. 44.87 MPa) 
respectively. Even, when using fly ash up to 25% almost an average of 42.33 MPa can 
be obtained. In addition, w/c ratio is another important aspect in determining the 
strength of concrete. Regarding to figure 2 that shows fly ash particles are spherical 
which leads to improve the workability of concrete paste. This can be taken as an 
evident that 15 &25% of replacing fly ash need less water as shown in table 1 and 
caused to increase the strength of concrete. As a result, it can be said that replacing 
cement by up to 25% of fly ash given a required strength at 28 days with less w/c ratio 
and more workable cement paste. 

However, in commercial practice the dosage of fly ash is limited to 15%- 20% by 
mass of the total cementitious material [4] but in this study cement was replaced to fly 
ash up to 35% and 50%. The reason why limited to use fly ash up to 20% because it 
has a beneficial effect on the workability and cost of concrete but it may not be enough 
to sufficiently improve against sulfate attack and durability of concrete. This research 
shows that using fly ash by 35% and 50% has a negative impact on early strength and 
longer initial setting time due to the low reactivity of fly ash. An average of 26.55 
MPa and 24.12 MPa were obtained for replacing fly ash for 35% and 50% 
respectively. Some research has been carried out to overcome this problem by 
activating fly ash. One method was to add an alkali activator such as 1 or 2% NaOH 
or KOH into concrete mix. Another way to get the same outcome was to use lime to 
mix with fly ash for a few days before incorporating the fly ash into the concrete mix 
[11]. Therefore, it is not recommended to use fly ash more than 25% at 28 days. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 
 
 
 
 
 

FIGURE 4. Strength at 28 days 
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3.3 COMPRESSIVE STRENGTH AT 60 DAYS 

 
It has been said that using fly ash as cement replacement has a negative impact on 

early strength of concrete so the 60 and 90 days period has been considered. It has 
been shown that replacing cement by 15% with fly ash had the highest compressive 
strength by an average of 51 MPa, then 25% of fly ash given an average of 50.55 MPa 
at the same period. The abovementioned results show a good performance of fly ash 
when replaced instead of Portland cement. In case of 35% - 50% of using fly ash an 
average of 33.3 & 29.70 MPa can be obtained for 60 days span. In conventional design 
method structures are designed based on 28 days concrete compressive strength. But 
if the time is not a big issue structures could be designed for long life service with 
better durability and more sustainability particularly during designing of 
infrastructures such as dams and other concrete mass structures.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 COMPRESSIVE STRENGTH AT 90 DAYS 

 
It can be seen from figure 6 that 0% of fly ash i.e. concrete with no replacement of 

fly ash had an average of 48.75 MPa whereas the average was 44.87 MPa at 28 days 
which can be seen as small improvements in term of strength. Meanwhile, at 90 days 
strength of concrete containing 50% of fly ash had an average of 33.3 MPa that means 
more 9 MPa higher than normal Portland cement at 28 days which was almost 24.12 
MPa. Without considering time, fly ash can be used up to 50% and get the required 
strength at 90 days and solve slow early strength of concrete by using superplasticizer 
or alkali activators. As shown in table 1, 457.7 Kg of normal Portland cement was 
required for 1m3 of concrete, but if cement was replaced by fly ash up to 50% this 
amount will reduce to 228.9 Kg of Portland cement that leads to save 228.9 Kg of 
Portland cement and save 228.9 Kg of CO2 emits into the atmosphere. 
 

FIGURE 5. Strength at 60 days 
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4. CONCLUSION 

 
This study shows that fly ash can be used up to 25% as cement replacement and 

obtain required compressive strength at 28 days. Without considering time fly ash can 
be used up to 50% at 90 days and apply this concept in dam constructions because it 
had less strength development which means less temperature produced due to the heat 
of hydration. Actually, fly ash is a waste material and could be useful for both 
economy and environment. In other words, The goal can be a achieved with using fly 
ash in concrete structures not only in terms of environment, but also improving the 
structural properties as well, such as compressive strength of concrete structures.  
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ABSTRACT 

This work presents a model for predicting analytically the time dependent deflection 
of high strength concrete HSC slabs. This model considers the factors that are 
significantly influence the long-term deflection of concrete slabs. Realising the 
effect of time on slab flexural rigidity, the proposed method follow the method of 
conducting short-term deflection of slabs.The analytical deflection based on the 
proposed method are compared with the experimental work conducted by the 
authors in 2005 (1) and also with several field measured deflections. 
 
Keywords: Concrete Panels, High Strength, Two-Way Slab, Long and Short -Term 
Deflection. 
 
 
1. INTRODUCTION 

 
Calculating deflection in building codes generally depends upon simplification 

based on tests on S.S. RC beams which results in weak prediction when applied to 
complex structures (2). True guidance on adequate modeling of time dependent 
effects (creep and shrinkage) on slab deflection calculations is not found in codes 
items. 

Failures of serviceability of concrete structures are very common involving 
excessive deflection and/or excessive cracking. Many cases were reported of 
structures complied to requirements of codes but nevertheless excessive deflected or 
cracked (2,3). Shrinkage and creep are the primary reason of serviceability failures. 
For HSC, the difficulty involved in adequate modeling the long-term behavior of 
concrete slabs, are more than the NSC. 
 
2. REVIEW OF PREVIOUS WORKS ON TIME DEPENDENT 

DEFLECTIONS 
 

Cruz and Mari (4) in 1999 presented a model for analytical nonlinear time 
dependent analysis of reinforced concrete in addition to composite and prestressed 
concrete structures. For the considered elements, the analysis considers effects of 
delayed deformations, non-linear material properties, and second-ordered time 
dependent properties. 

Amin Ghali and Azita Azarnejad (5) presented a method of analysis to predict the 
immediate and time dependent strain in RC sections for any concrete strength. The 
main time dependent parameters required for the analysis are implemented in the 
method.  
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Bradford and Gilbert (6) presented both the immediate and time dependent 
response of a RC structure to load. The paper describes a general finite element 
procedure, based on the so-called layered model, to analyse a RC member. The 
method forms a general method for analyzing highly indeterminate concrete 
structures in the time domain. 

Bazant and Joong-Koo Kim (7) presented a prediction model for the mean 
(overall) shrinkage strain in cross-sections of long members, which takes into 
account the influence of environmental humidity, the effective thickness of the 
member, the effect of cross-section shape, the effect of age at the start of drying, and 
the effect of temperature. The proposed basic form of the shrinkage formula is 
justified by nonlinear diffusion theory for the movement of moisture through 
concrete. The main error of prediction arises from the estimation of the shrinkage 
parameters from concrete strength and composition. 
 
3. EXPERIMENTAL INVESTIGATION 
 

Catroon (8) in 2001 reviewed various methods and models for the estimating the 
deflection of RC two-way slab system mentioned in the literature worldwide. The 
major influencing factors are the extent of cracking, concrete strength, construction 
loads, creep and shrinkage. The various methods are applied to compare with 
reliable experimental works in literature concerning short and long term deflections 
measured for RC two-way slabs. A proposed model is presented in view of the 
comparative study of this work. Furthermore, this model takes into consideration the 
major effective factors including the construction loads as a major factor for multi-
story RC building, and also the effect of time dependent factors. This model is 
presented to be suitable to Iraqi conditions. 
Gilbert (9) in 2002 addressed the effects of shrinkage on the serviceability of concrete 
structures. A model is presented for predicting the shrinkage strain in normal and 
high strength concrete. Analytical and a simplified procedure are presented for 
including the effects of shrinkage when calculating long-term deflection. 
Taha and Hassanain (10) described a mathematical model utilizing the theory of error 
propagation to predict the error in the calculated deflections of simply supported 
one-way RC slabs. The paper examined the various sources of error associated with 
deflection calculation for these slabs. A mathematical model was developed to be 
used for studying the effect of variation of concrete properties as a result of changed 
site conditions on the accuracy of the estimated deflections. 
Faris (1) in 2005 cast four slabs marked (L1 to L4) of (960×960×50) mm 
corresponding to the different types of concrete mixes. Each slab reinforced with one 
bottom steel mesh of (21I2.5 Each Way). All slabs were tested on simple supports 
and in pure bending by uniform load (2.4 kN/m2 sustained load, and reading the 
deflection after different periods for 210 days. 

 
4. CALCULATION OF SLAB DEFLECTIONS 
 

In this section, prediction of long-time deflections of RC panels are attempted. 
Reliance shall be made on the most well-known procedures and recommendations. 

 
It is of importance to assess creep and shrinkage values with time. These values 

depend, in addition to various factors, primarily on the ultimate creep and shrinkage 
values Vuand (εsh)u. 
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The initial deflection for uniformly loaded flat plates and two-way slabs can be 
approximated by Eqs. (1) and (2) (11,12,13): 

Flat plates  di = Hfp q L4 / Eci I   .......................................... (1) 
Two-way slabs di = Htws q L4 / Eci I   .......................................... (2) 

 
Where: I, the moment of inertia and q, the load refer to a unit width of the slab. 
Deflection coefficients, Hfp and Htws are given in Tables (1) and (2) for interior panels. 
Note that these coefficients are dimensionless, so that q must be in load/length 
(kN/m). 
 

TABLE 1. 
 Deflection Coefficients, Hfp and Htws , for Interior Panels (×10-5) 

 

Type Interior Panel Support 
L/s 

1.0 1.1 1.2 1.3 1.4 1.5 
Hfp 
flat 

plates 
Zero edge beam stiffness C/L 

0.0 581 487 428 387 358 337 

0.1* 441 372 320 283 260 243 

Htws 
Two-
way 
slabs 

Elastically supported edges. 
The appropriate coefficient 
is in between the case of 
zero edge beams 

Relatively flexible 
edge beams (total 
depth about (2t)* 

308 
to  

250 

330  
to 

230 

290 
to 

210 

260 
to 

190 

240 
to 

170 

230 
to 

160 

Stiffness (flat plate) and 
infinitely stiff edge beams 
(rigid supports). 

Relatively stiff 
edge beams (total 
depth about 3t)* 

290 
to 

170 

260 
to 

140 

230 
to 

120 

210 
to 

105 

190 
to 
90 

180 
to 
80 

Rigid supports. Built-in edges on infinitely stiff 
edge beams. 126 102 83 67 54 43 

* Approximate vales  c/ " = column/span ratio, " /s= longer / shorter span ratio 
 

TABLE 2.  
Deflection Coefficients (of qL4/D) of Flat Plate Interior Panels (23) 

 
Centre of Panel 

c/L ratios 
0.0 0.1 0.2 

S/L 
1.0 0.00581 0.00441 0.00289 
0.8 0.00420 0.00301 0.00189 
0.6 0.00327 0.00234 0.00143 
0.4 0.00284 0.00205 --- 

 
where: c = size of square column. L = long span, S = short span, q = load per unit 
area. D = Et3/12 (1-X2), t = slab thick,Q = Poisson's ratio, E =  modulus of elasticity. 
 
5. FLEXURAL RIGIDITY OF SLABS 
 

The slabs flexural rigidity varies due to the effects of cracking, creep and 
shrinkage. Cracking should be taken into account in prediction of slab deflections.  

The American Concrete Institute code (1) recommends the use of an effective 
moment of inertia, Ie, suggested by Branson (14, 15), given by: 
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Where: Ig= gross moment of inertia of concrete section; Icr=moment of inertia of 
the cracked transformed section; Mcr=cracking moment and Ma=applied moment. 

The position of the neutral axis (kd), where d is the effective depth of a singly 
reinforced rectangular section, has to be determinedbefore calculating Icr 
The following expressions are established (for a cracked elastic transformed 
section): 

� � nnnk UUU �� 22  ..................................................................................... (4) 
 

� � � �23 
3
1 kddnAkdbI scr ��  ........................................................................... (5) 

Where; n: modular ratio= Es/Eci 
Es= modulus of elasticity of steel =200 000 MPa, and 
Eci= initial modulus of elasticity of concrete may be determined from Eq. (11). 
 
6. SLAB DEFLECTIONS DUE TO LONG-TERM LOADS 
 
Under sustained loads, deflections are increased considerably due to creep and 
shrinkage effects. 

Additional long-term deflections due to the mentioned time-dependent effects 
shall be calculated by multiplying the short-term deflection by the factor (16) 

U
HO

c�
 

501
 .................................................................................................. (7) 

Where: ρ'= As'/bd, the compression steel ratio, and H is a time-dependent coefficient. 
This factor = 2 in slabs since compression steel is generally not used.  

To examine the behaviour of a singly reinforced rectangular section under 
sustained load, see Figure (1). The concrete strain, at top fiber, increases. The strain 
diagram rotates and the neutral axis moves down as a result of creep. 

 
FIGURE 1. Strain and stress distributions initially and after long-time loading in a 

flexural member 
 

7. PROPOSED CALCULATING MODEL FOR LONG TERM 
DEFLECTION 

 
A procedure is proposed for calculating long-term deflection similar to that of the 

short-term deflection (Eqs. 1 and 2) as follows: 
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7.1 LONG-TERM FLEXURAL RIGIDITY OF SLABS 
 

In this proposal, the analysis shall be made on "aged" RC sections. The use will 
be made here of Ec(t) to mean the age-adjusted effective modulus of elasticity and Ie(t) 
to mean the moment of inertia of an age-adjusted section in which the transformed 
section is composed of the area of concrete plus (Es/Ec(t)) multiplied by the area of 
steel. The age-adjusted modulus of elasticity is defined by (11, 17): 

 
) 1()( tcitc vEE F�  ................................................................................... (8 a) 

Where: Qt= creep coefficient at time � �
� � u6.0

6.0

 v
10 o

o

tt
ttt
��

�
  ................................... (8b) 

Where: Qu= ultimate creep coefficient (11) and F= aging coefficient which depends 
on age at the time (toor at" ) when the structure begins carrying the load and on the 
load duration, table (3), tc )f( c  is the compressive strength at later ages and cf c  is the 
28-day compressive strength. 

 
TABLE 3. 

 Aging Coefficients (F) 
 

t – t " a 

days 
Qu 

t " ain days 
101 102 103 104 

101 

0.5 
1.5 
2.5 
3.5 

0.525 
0.720 
0.774 
0.806 

0.804 
0.826 
0.842 
0.856 

0.811 
0.825 
0.837 
0.848 

0.809 
0.820 
0.830 
0.839 

102 

0.5 
1.5 
2.5 
3.5 

0.505 
0.739 
0.804 
0.839 

0.888 
0.919 
0.935 
0.946 

0.916 
0.932 
0.943 
0.951 

0.915 
0.928 
0.938 
0.946 

103 

0.5 
1.5 
2.5 
3.5 

0.511 
0.732 
0.795 
0.830 

0.912 
0.943 
0.956 
0.964 

0.973 
0.981 
0.985 
0.987 

0.981 
0.985 
0.988 
0.990 

104 

0.5 
1.5 
2.5 
3.5 

0.501 
0.717 
0.781 
0.818 

0.899 
0.934 
0.949 
0.958 

0.976 
0.983 
0.986 
0.989 

0.994 
0.995 
0.996 
0.997 

 
The report of ACI 209(11) recommended that Qu= 2.35 Jc where Jc is a factor for 

correction when different values of ambient relative humidity, average thickness of 
the member and temperature are involved. For relative humidity of 40%, average 
thickness of 150 mm and temperature of 21oC, the factor is equal to 1.0.  
For moist-cured condition, the factor is calculated as: Jc = 1.25 to

-0.118.  
The time dependent effective moment of inertia Ie(t) can be computed according to 

Eq. (3) with the following difference: In computing Icr(t) the position of the neutral 
axis is shifted: kd to (kd)t, and the modular ratio n = (Es/Ec) is changed into n(t) = 
(Es/Ec(t)) according to Eq. (8), as follows: 
Equilibrium:   b(kd)t2 /2 = n(t) As (d-(kd)t) 
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Therefore: 
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Substituting (9) in (5) gives: 

 

� �2
)(

3

3
6 tcr kbdI   ............................................................................................. (10) 

Figure (2) shows that the neutral axis, in a singly reinforced section, move 
downward after long period of time. The neutral axis moved down 50% more than 
the initial place after a long time (1000 days). 

The long-term flexural rigidity is now defined by Equations (3), (8), (9) and (10). 
Figure (3) shows how the rigidity is reduced with time. For the slab section 
described in the figure, about 65% and 40%reduction in the flexural rigidity 
occurred after 1000 days in the case of un-cracked section Ma/Mcrd1.0, and when 
cracked with Ma/Mcr=2.0, respectively. 

  
FIGURE 2. Neutral Axis Position of 

Slab Section (Initially and after 
Long-Time) 

FIGURE 3. Slab Flexural Rigidity 
(Initially and after Long-Time) 

 
7.2 LONG-TERM DEFLECTION OF SLAB 
 

Equations (1) and (2), used basically for short-term deflection calculation, will be 
used to calculate the long-term deflection of two-way slabs. The flexural rigidity 
variation as derived in section 8.1 is taken into account. 

For various slab systems, it has been shown (18) that Eq.(3) can be used along with 
an average different regional moment values as follows: 
Flat plates- Ie(t), (+ ve) and (- ve), for the long direction column strip. 
Slabs with beams- Ie(t), (+ ve) and (- ve), for the short direction middle strip. 
The panels’ centres are generally considered un-cracked. 
 
8. COMPARISON WITH FIELD-MEASURED LONG-TERM SLAB 

DEFLECTIONS 
 

Table (4) lists the results of this paper with experimental-measured7-month 
deflections of reference 1.Good correlation between analytical and experimental 
deflections is shown. The mean of (analytical/experimental) deflections is (1.35) 
with a coefficient of variation of (1.45) percent. 
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TABLE 4.  
Comparison of Measured and Calculated total Deflections 

 
Slab 

Designation 
Measured 

Deflections; mm 
fc′ )28 
MPa * 

Calculated 
Deflections; mm 

Calc/Meas 
Ratio 

L1 2.45 63.5 2.955 1.21 
L2 2.17 64.77 2.932 1.35 
L3 2.015 65.1 2.926 1.45 
L4 2.85 24.74 4.189 1.47 

 
Needless to say that more experiments are needed on long term deflection of HSC 

slabs to effectively verify the present model. Field data on long-term deflections of 
HSC slab systems are scarce and not found.  
However, several investigations (19, 20, 17, 21, 22) have been reported on NSC and 
lightweight concrete two-way slabs. Table (5) presents information of long-term 
deflections results. Moduli of elasticity are estimated using ACI expression, or using 
the authors’: 

cc fE c 1.5
c W043.0                       For NSC ............................................. (11 a) 

 

� �
5.1

2320
 68953320 ¸

¹
·

¨
©
§�c c

cc
WfE     For HSC (2) .......................................... (11 b) 

where: Wc= Concrete density (kg/m3) 
Table (5) compares the predictions with the deflection from several references. 

The ratio between calculated and measured deflections showed a good correlation 
with mean value of (1.045) and a coefficient of variation of (1.5) percent. The model 
presented herein requires that the creep characteristics of concrete be accurately 
estimated, yet such information are absent in the reported investigations. Therefore 
ACI209 recommendations (11) were used in the calculations. Reference 19, however, 
estimated creep factor for Iraqi concrete to be between (1.9) and (2.2). Creep factor 
of (2.0) was used in the calculations. 

 
TABLE 5.  

Summary of Data and Comparison of Measured and Calculated Deflections for 
Long-Term Deflections 

 

References Struc. 
Type 

Dim 
m 

t 
mm 

Sus. 
Load 

kN/m2 

E 
MPa 

Measured 
Defl. 
mm 

Calc.
Defl. 
mm 

Calc/Meas 
Ratio 

Jawad(19) Flat slab 7.0×7.0 220 7.3 21,700 33.6 
(15-year) 38.7 1.152 

Jokinen(20) Flat slab 9.0×9.0 200 5.5 27,800 33 
(1-year) 36.4 1.103 

Taylor (17) Flat plate 6.34×5.07 200 5.5 21,400 24.4 
(9-year) 26.1 1.070 

Heiman(21) Flat slab 7.54×7.24 240 5.5 28,500 21.6 
(9-year) 23.1 1.069 

Sbarounis(22)* Flat plate 6.7×6.7 185 4.2 18,000 34.3 
(1-year) 28.5 0.831 

* Light weight concrete (1760 kg/m3) 
 



Second International Engineering Conference On Developments in Civil & 
Computer Engineering Applications 2016 

 

23 
 

 
9. CONCLUSIONS 
 
Conclusions can be drawn as follows: 
1. Significant factors influencing long-term slab deflections were taken into 

account in the proposed analytical model analogous to initial deflection 
calculation methods considering the degradation of flexural rigidity with time. 
Thus, it is rational the long-term effects on concrete properties are put into 
effect. 

2. The analytical model considers the decrease of flexural rigidities with time, i.e., 
the analysis is based on “aged” section. 

3. The problem of predicting long-term deflection of concrete members is 
complex, it involves many factors, most of them are uncertain, such as materials 
nonlinearity, influence of construction process, creep and shrinkage. 

4. Comparison with field measurement found in literature shows good correlation. 
Calc/measured deflection is 1.18 with coefficient of variation of 4.2%. 
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ABSTRACT 

Reinforced concrete mat foundations are popular foundation type commonly used in 
high rise buildings. These foundation systems may be designed and analyzed as 
either rigid bodies or as flexible plates supported by an elastic foundation. This 
research is to compare the similarities and differences of both rigid and flexible 
methods through the use of mat foundation modelling. A symmetrically loaded mat 
foundation models with equal column spacing were analyzed and designed using the 
conventional rigid method procedure and then the same models were reanalyzed and 
redesigned as flexible bodies using SAFE v12.2 computer program. Consequently 
among design strips, it has been numerically found that the one way shears achieved 
by the rigid method are more than those of SAFE program with the considerable 
fluctuations of their amounts. Thicker mat is required to check punching shear 
according to SAFE program in comparison with that of the rigid method. 
Furthermore, the flexural moments gained by SAFE program are more around 
columns and lesser at strip mid spans comparing to those reached by the rigid 
method. It can be concluded that there are some differences of the results between 
both methods. This paper recommends to cautiously use the application program 
with deeply understanding of input design parameters such as modulus of subgrade 
soil reaction.  

Keywords: SAFE Program, Rigid Method, Flexural Moment, Punching Shear. 

 
1.  INTRODUCTION 

 
The mat or raft foundation is a continuous footing supporting a group of columns 

and walls in several lines in each direction. ACI 336 [1] described that mat 
foundations cover the entire area under a structure or an area of at least 75 percent of 
total area within the outer limits of the structure.   

A reinforced concrete mat foundation is a common structural type of foundation 
systems used on erratic or relatively weak supporting soil subjected to more 
substantial loads from the building where a large number of spread footings would 
be required. In addition, it may be more economical to use a mat foundation when 
spread footings cover more than one-half the foundation area [1]. Mat foundations 
are generally used with soil that has a low bearing capacity but mats, often with 
piles, are also essential to resist uplift hydraulic pressure from those places where 
water table above the foundation levels [2]. 

Bowles [2]; Das [3]; Klemencic, et al [4] schematically show several types of mat 
foundations used currently including flat plate, flat plate thickened under columns, 
beams and slab, flat plates with pedestals, slab with basement walls as a part of the 
mat where the walls act as stiffeners for the mat, and mats placed directly above 
piles. The flat plate type of mat foundations is to be considered in this paper.  
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The structural analysis of mat foundations can be carried out by two conventional 
methods: the conventional rigid method and the approximate flexible method as 
exemplified by Das [3]. Alternatively, the mat is divided into a number of finite 
elements and three general finite element formulations may also be used involving 
finite difference, finite grid and finite element methods [1, 2]. One of disadvantages 
of finite element formulations is computationally intensive but computers and 
available programs make the use of finite element methods economical and rapid.  

The conventional rigid method is characterized by its simplicity and ease in 
execution. In contrast, the resultant of column loads does not coincide with the 
resultant of soil pressure under the individual design strips, which leads to violation 
of the static equilibrium equations. Therefore, ACI 336 [1] restricts the use of 
conventional rigid method and suggests that mat foundation may be designed by 
considering design strips both ways and treating the mat as a rigid body where 
column spacing is less than 1.75 divided by a coefficient ( 𝛽) or the mat is very 
thick, and variation of column loads and spacing is not over 20%.  

𝛽 = √ 𝛽1𝐾𝑠
4𝐸𝐹𝐼𝐹

4
… … … … … … … . . (1) 

Where 𝐾𝑠 , 𝐸𝐹,  𝐼𝐹 and 𝛽1modulus of soil subgrade, modulus of foundation 
material, moment of inertia of strip design beam and strip width, respectively. 

Although a variety of commercial computer program is available relating to the 
analysis and design of mat foundations, the authors avoid to provide 
recommendations for any specific analysis program [1, 2, 4]. Therefore, before 
structural designers use a computer software, they need to validate the reliability of 
the software in terms of both safety and economic aspects.  

This study is to compare and show the similarities and differences of both rigid 
and finite element methods through the use of mat foundation modelling. Mat 
Foundation models are analyzed and designed as flat plate rigid body using the 
conventional rigid method and then SAFE v12 based on finite element method is 
applied to analyze and design the equivalent models. The main focus is to 
investigate the results obtained from both methods.  

The design of mat foundations has long been recognized as a problem in soil-
structure interactions that designers have tried to simplify by designing mats that can 
be classified as rigid bodies [4]. Soil-structure interactions, and soil properties are 
beyond the scope of this research.  

 
2.  MAT FOUNDATION MODELLING AND DESIGN PARAMETERS 

To design a mat foundation, the geotechnical engineer will need to provide 
structural engineer with those design parameters relating to supporting soil 
properties such as allowable bearing capacity (qa), anticipated settlements (δ), and 
modulus of subgrade reaction (Ks). On the other hand, structural engineer will 
choose any design parameters belonging to construction materials used in the mat. 
As a result, the appropriate design of any foundation system prerequisites the clear 
and effective communication between the structural and geotechnical engineers [4]. 
The process of the mat foundation modelling of this research includes the following 
steps:  
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2.1   PLAN AND LOADING OF THE MAT FOUNDATION MODEL 

 Prestigious foundation design textbooks often illustrates conventional rigid 
method to escape from disequilibrium of the applied loads and soil pressure  either 
by selecting symmetrically-loaded strips and using uniform soil pressure to reduce 
the eccentricity to zero and avoid serious errors [5]. Therefore, a symmetrically 
loaded mat foundation models were taken into account with 17m by 12m in plan as 
shown in Figure 1.  

 
Note; All dimensions are in meters 

FIGURE 1. Plan of the mat foundation models 
 
The mat carried the 3 by 2 bays concrete frame with equal column spacing (5m) 

in both directions (x, y), and cross sections of columns are 0.4m x 0.4m.  Realistic 
dead and live loads were estimated for a 10 story public building frame based on 
ASCE 7-10 [6] and transferred to the mat using tributary area as presented in Table 
1. This paper only considers static gravity loads (service dead and live loads) coming 
from the superstructure with linear elastic behavior analysis. 

 
TABLE 1.  

Column dead and live loads 
 

Columns Dead load (KN) Live Load (KN) 

Corner 800 600 
Edge 1000 900 

Interior 1400 1200 
 
2.2 DESIGN PARAMETERS 

The mat foundation consists of normal concrete mix and steel reinforcements. 
The design and analysis of the mat foundation models needs the property of the 
construction materials and consequently the appropriate design parameters were 
fixed for both rigid method and SAFE program as shown in Table 2. 
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Specified compressive strength of concrete (fc′) was set to 30 MPa using cylinder 
specimens and specified yield strength of reinforcement (fy) was indicated as 
400MPa. The allowable bearing capacity of soil (qa) used in the conventional 
method was 120 KN/m^2. The three parameters plays a significant role in the 
analysis and design process. 

TABLE 2.  
Design parameters 

 
Parameter Notation Value 

Specified yield strength of reinforcement, MPa, fy 400 

Specified compressive strength of concrete at 28 days, MPa, fc′ 30 
Modulus of elasticity of reinforcement, MPa, Es 200,000 
Modulus of elasticity of concrete, MPa, Ec 26667 
Concrete weight, kg/m3 wc 2356 
Poisson ratio, concrete µ 0.2 
Allowable bearing capacity,  KN/m2 qa 120 
Modulus subgrade reaction of soil, KN/m3 Ks 14,400 
Bearing capacity factor of safety FS 3 
Mat cover (top, bottom, sides), mm C 50 
Steel Diameter, mm ᶲ 25 

 
Many empirical equations for predicting the modulus of elasticity for concrete as 

a function of compressive strength can be found in the literature. According to ACI 
318-08 [7], Section 8.5, modulus of elasticity ( Ec) for concrete has been found using 
Eq. (2). Modulus of elasticity (Es) for nonprestressed reinforcement shall be allowed 
to be taken as 200,000 MPa. 

Ec = wc1.5 0.043√fc′ … … … … … (2a) 
Ec = 4700√fc′ … … … … … … … . . (2b) 

Where; wc is normal weight of concrete in kg/m3, fc′ and Ec are in MPa. 
By default SAFE uses modulus of elasticity (26667MPa) for 30MPa strength of 

the concrete. This value is in the range of the results achieved by equations 2a and 
2b.  
 

2.3   MODULUS OF SUBGRADE REACTION 
 

Soil is naturally non-linear, anisotropic and heterogeneous and its deformation is 
depended on the stresses that are applied to soil [8]. Hence, for design of the 
structure supported by soil, instead of modeling the subsoil in all its complexity and 
various properties, it can be replaced by a simpler parameter called a modulus of 
subgrade reaction (Ks). Accordingly, this parameter plays an important role in all 
three discrete element methods given for analysis and design of mat foundation [2]. 
To design reinforced concrete mat foundations in SAFE Program, Ks is a 
fundamental parameter that needs to be defined instead of (qa). 

It has been frequently stated that Winkler [9] firstly proposed a model to calculate 
Ks that was considered as a linear ratio between the contact pressures (qa) and the 
associated vertical displacement (δ), it has units of force per unit volume (MN/m3). 

Ks = qa
δ … … … … … ..  (3) 
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Reference to the literature review given by Naeini et al [8], Values of Ks may be 
obtained from the alternative options: field test using ASTM D1194-94; 
consolidation triaxial laboratory tests; CBR test; or empirical equation and tabulated 
values [2, 3].  

Regarding conventional rigid method, qa traditionally used in the design was 
assumed to be 120 KN/m3. Thereafter, it is required to convert (qa) into 
equivalent Ks. Bowels [2] had reported an empirical relation between allowable 
bearing capacity of soil (qall) and the modulus of subgrade reaction (Ks) of the 
footing based on a settlement (δ) of 25mm and ultimate bearing capacity (qult). 
Naeini et al [8] revealed that the equation 3 of Bowles was proposed by geotechnical 
consultants and therefore in this research the relation was applied to calculate Ks 
(14,400 KN/m3) supposing factor of safety (FS) equal to 3.  
  

Ks = 40 FS qall … … … … … . (4) 
qall = qult

FS … … … … … . . … . . . (5) 
 

3.  RIGID METHOD DESIGN PROCEDURES 

The conventional rigid method assumes two conditions [1]. Firstly, the mat is 
infinitely rigid, and therefore, the flexural deflection of the mat does not influence 
the soil pressure distribution. Secondly, the soil pressure is distributed in a straight 
line or a plane surface such that the centroid of the soil pressure coincides with the 
line of action of the resultant force of all the loads acting on the foundation. These 
two conditions may not introduce serious error for very stiff mats with fairly 
uniform column spacing and loads. 

The mat foundation models were analyzed and designed using the conventional 
rigid method according to the procedure given by Das [3]. The plan of mat 
foundation models were divided into three design strips (3.5m, 5m, 3.5m) along x 
direction and four design strips (3.5m, 5m, 5m and 3.5m)in y direction as shown in 
Figure-1. Note that ACI 318-08 load factors (1.2 for dead loads and 1.6 for live 
loads) were applied to obtain factored loads.  
 
4.  SAFE PROGRAM DESIGN PROCEDURES  

The equivalent mat foundation models used in rigid method were modelled, 
analysed, designed and detailed in SAFE v12.2 [10]. Firstly New Model 
Initialization window was used to choose the design code (ACI 318-08) and metric 
unit. Then with the help of Base Mat window, the mat was modelled through the 
input of dimensions of plan and modulus of subgrade reaction.  

It is clear that SAFE program is based on finite element method where 
foundations are analyzed as plates or thick plates on elastic foundations. It uses 
modulus of subgrade reaction (Ks) that is specified for the foundation model and Ks 
is automatically converted into the compression of nodal springs. 

The mat dimensions were entered in SAFE program and were automatically 
meshed based upon the maximum mesh dimension, in this model the SAFE program 
used a default element dimension 1.2 m by 1.2 m with the use of localized mesh and 
merging points. This meshing dimension was used as a fixed value. However, 
meshing has effect on the analysis. It is clear that design strips were edited as those 
used in conventional rigid method, see Figure 1.  
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The mat thickness is primarily input based on the thickness calculated in rigid 
method using punching shear provisions of (ACI-318-08, Section 11.11.2.1c) at the 
typical column locations. The mat thickness was edited and testified for checking it 
in SAFE program.  

  
5.  RESULTS AND DISCUSSION 

The key parameter relating to supporting soil property is allowable bearing 
capacity (qa) in rigid method and modulus of subgrade reaction (Ks) required in 
SAFE program. While qa has been modeled to be 120 KN/m2, the equivalent Ks is 
essential to make the comparison design meaningful. Using the equation 3, Ks is 
equal to 14400 KN/m3.Furthermore, a parametric study have been conducted to 
understand the effect of Ks on the mat model analysis as flexural moment of Strip 
ABCD shown in Figure 2.                                                                           . 

 
FIGURE 2. Parametric study for different Ks values of Strip ABCD  

 
The Flexural moment have been drawn according to different Ks values from 

(6000 to 44000) KN/m3. It was demonstrated that an increase in Ks values leads to a 
decrease of the positive moment in middle span between columns and an increase of 
negative moment around column loads. Therefore, the more accurate Ks investigated 
and evaluated before design, the more reliable design can be achieved in SAFE 
program.  

As far as one way shear forces are concerned, one way shear diagrams per strip 
widths have been drawn for Strips ABCD, DCEF, ALIG and LKJI as shown in 
Figures 3 to 6, respectively. It can be noted that the amount of one way shear 
achieved by conventional rigid method is more than those given by SAFE program 
with the considerable fluctuations of their amounts among strips. For instance, in 
design strip ABCD maximum shear force is 1371 KN according to rigid method 
while SAFE program reports maximum enveloped shear force of 886 KN at the 
same location. 

There are significant differences of one way shear obtained by both analysis 
procedures.  Percent shear force differences of design Strips (ABCD, DCEF, ALIG 
and LKJI) are 35%, 39.8%, 11.6% and 53.6%, respectively. The differences in edge 
design strips are less than those of adjacent interior design strips. These differences 
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could be various depending on column spacing, column loads and edge dimension of 
the mat plan. One way shear may not be critical in comparison of punching shear in 
more situation, but one way shear can be predominantly significant where the mats 
subjected to significant overturning loads from concrete core walls, shear walls, or 
braced frames [4]. Therefore, these one way shear force differences will need to be 
taken into consideration. 

 
 

 

 

 

 

FIGURE 3. one way shear and moments 
using rigid and SAFE program for Strip 

ABCD 

FIGURE 4. one way shear and moments 
using rigid and SAFE program for Strip 

DCEF 
 

  

FIGURE 5. One way shear and moments 
using rigid and SAFE program for Strip 

ALIG 

FIGURE 6. One way shear and moments 
using rigid and SAFE program for Strip 

LKJI. 
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With regard to flexural moments in the design strips as shown in Figures 3-6. 
Overall at middle spans, the rigid method analysis has given the highest amount of 
negative flexural moments whereas SAFE program has resulted in more positive 
flexural moments around column faces.  Some fluctuations similar to v shape can be 
seen at column locations in the flexural moments using SAFE program. These 
fluctuation relates to the stiff area under columns to model column intersection as a 
stiff slab. Reference to design Strip ABCD, for instance, maximum negative flexural 
moment (1606 KN.m) have been obtained by rigid method at middle span (8.5m) 
while an enveloped negative flexural moment (688 KN.m) has been reported using 
SAFE program at the same distance. On the other hand, under column contact area 
maximum positive flexural moments of 56 KN.m and 636 KN.m have been gained 
by both rigid method and SAFE program, respectively.  

With regard to contact soil reaction pressure under the mat model, soil pressure 
produced by service loads was 109 KN/m2 uniformed distributed according to the 
rigid method procedure and it checks allowable bearing capacity (120 KN/m2). 
However, the soil pressures in SAFE program were higher than allowable bearing 
capacity and especially in the edges and corners of the mat as shown in Figure 7.  

These differences belongs to the flexibility of the mat which is reflected in SAFE 
program. Consequently, SAFE program can be considered as a tool in the evaluation 
of soil pressure capacity.  

 

 
Note; Soil pressure are in KN/m2 

FIGURE 7. Soil pressure under the mat in SAFE program 

Punching shear often controls the critical thickness of the mat. In rigid method it 
can be calculated according to ACI 318-08 (Section 11.12.2.1) for the critical section 
at interior column and minimum required thickness is equal to 690mm. On the other 
hand, the foundation mat model needed more thickness to check punching shear 
ratio (Vu/Vc) in SAFE program as shown in Table 3. 
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TABLE 3. 

 Punching shear ratio vs thickness in SAFE program 

 
Columns Mat thickness in SAFE ,mm 

600 625 650 675 690 700 
Interior 1.2874 1.1965 1.1150 1.0416 1.001 0.9753 
Edge 0.9492 0.8849 0.8270 0.7748 0.7459 0.7275 

Corner 0.6737 0.6350 0.6252 0.6151 0.6088 0.6046 
 
 
The punching shear ratio is calculated based on dividing maximum applied shear 

stress (Vu) by maximum concrete shear stress capacity (Vc), and less than one is 
accepted. Bringing punching ratio below one can be obtained by an adequate 
increase in mat thickness or compressive strength of concrete (fc’). 

In addition, an increase in modulus of subgrade reaction Ks could have a 
negligible effect on punching ratio. Ks were increased from (6,000 to 44,000) 
KN/m3 and it was revealed that punching ratio slightly increased but it is 
insignificant value. This is because of symmetrically distributed of column loads and 
applied punching loads depending significantly on applied shear stress (Vu) 
produced by the concentrated column loads.   

 

6.   CONCLUTION  

This paper has presented the comparison of mat foundation design using rigid 
method and SAFE program through the use of the foundation modelling. Mat 
foundation models are analyzed as rigid body using the conventional rigid method 
and then SAFE v12 based on finite element method is applied to analyze and design 
the equivalent models, and the main focus was to investigate the results obtained 
from both methods.  

In discussing analysis results, one way shear and flexural moments of design strip 
have been drawn for both methods and their differences have been shown that 
maximum positive and negative shear and moments of rigid method are greater than 
those of SAFE programs. Furthermore, SAFE program has given more flexural 
moments around columns, less flexural moments at strip mid span and thicker mat 
compared to corresponding results obtained in the rigid method. The author thinks 
that computer software application helps civil engineers to save time and solve 
complex cases efficiently, but civil engineers needs to use these programs carefully 
with understanding of modulus of soil subgrade reaction (Ks) and basic input 
parameters used in SAFE program. 
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ABSTRACT 
This research is concerned to analyze the behavior of the pile under axial load and to 
find the ultimate pile capacity regards to present of weak soil layer and cavity using 
(Plaxis-2D) as a finite element method. The soils and pile is modeled as Mohr-
Coulomb and linear elastic non-porous respectively by using axi-symmetric model. 
15-node triangle element used to model and interface elements is defined by five 
pairs of nodes. A total of 37 cases is studied, the first group included piles embedded 
in dense sand with layer of weak soil (I = 25º and 30º) at different thickness and 
locations (24 cases), while the second group included 12 cases for existing of cavity 
with different diameters and locations. The ultimate capacity of the pile for the 
above cases are compared with pile embedded in dense soil, (1 case). The results 
obtained from numerical work are compared with those obtained by analytic 
Berezantsev method and a good agreement has been found. The results indicated that 
existing of weak soil layer within the surrounding soil around the pile decreases the 
ultimate pile capacity. This reduction depends on thickness, and depth of the weak 
layer. The ultimate capacity ratio for the pile decreases as the depth of the weak soil 
layer increased along the pile shaft. The minimum values was found when the weak 
soil layer located near pile tip. Also, the ultimate capacity of the pile decreases as the 
thickness of the weak soil layer increased. The variation between the ultimate 
capacity ratios with weak soil layer thickness seems to be liner, for all cases for 
weak soil layer properties. Presented of cavity reduced the ultimate capacity ratio for 
the pile, the most dangerous situation when the cavity located near the pile base. At 
this condition the ultimate pile capacity ratio range between (0.8873 – 0.8101).  

Keywords: Deep Foundation, Plaxis-2D, F.E.M., Weak Soils, and Cavity. 

 
1. INTRODUCTION 

 
Piles are structural members of timber, concrete, and / or steel that are used to 

transmit surface loads to lower levels in the soil mass, [1]. Piles are generally used to 
increase the load carrying capacity of the foundation and to reduce the settlement of 
the foundation. These purposes are accomplished by transferring loads through a soft 
stratum to a stiffer stratum at a greater depth, or by distributing loads through the 
stratum by friction along the pile shaft, or by some combination of the two, [2].  

The maximum settlement of the pile and its ultimate load bearing capacity are the 
governing criterion in the design of vertically loaded piles. These are evaluated by 
carrying out a number of theoretical and numerical approaches. There are many 
cases in practice where piles pass through different layers of soil that contain softy 
loose or weak layers of soils, located at different depths and locations. The soil 

mailto:1civileng88_2010@yahoo.com
mailto:pinar_civil@yahoo.com
mailto:dr.ahmed64@gmail.com
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stratification of many areas consists of different soil and weak layers sometime 
cavities with different shape, size and depth, as shown in Figure. (1) Respectively 
for Haditha city. [3] Investigated the load-displacement behavior of axially loaded 
pile in sandy soil using the finite element program ANSYS (5.4). They made a 
comparison between the results of F.E.A and laboratory test results which found to 
be quite close. The analysis of the trial results of the dry models  by [4] indicate that 
the model tests for very deep or shallow cavity with negative distance ratio ( the 
horizontal distance from the centerline of the pile to the centerline of the cavity S/B= 
-8) carries more load than the cavity case with positive distance ratio. Different 
failure modes can be observed for each model tests depending upon the geometry of 
the problem. The pile with vertical dead load of (228.6N) carries more lateral load 
than pile with no vertical load for the same cavity condition. This behavior is 
reversed for soil without cavity. In spite of that the constant lateral load is greater 
than the ultimate lateral resistance of the case (F.S=0.8) during the observations of 
the lateral displacement with time, failure does not occur for cavity condition with 
(D/L=0.5 and S/B=-8), where D =Depth of the cavity. [5] Found that the agreement 
between numerical results of end bearing resistance of drilled shafts and available 
experimental and empirical relations is satisfactory. It can be concluded that the elasto-
plastic Mohr–Coulomb constitutive law with stress dependent elastic parameters is suitable 
for numerical modeling of end bearing capacity of drilled shafts in sand also in sandy soils, 
with increase in the pile embedment depth, the end bearing capacity increases with a 
decreasing rate. The  Numerical analyses show that at the pile tip displacement equal to 5% 
of pile diameter, the end bearing capacity of drilled shafts with different diameters are 
approximately equal. This means that the end bearing capacity is less dependent on the 
changes in drilled shaft diameter provided the associated tip displacement is equal to 5% 
pile diameter. [6] Carried out a laboratory testing to study the performance of a 
laterally loaded pile embedded in a soil which contains cavities. The results indicate 
that the number of cavities and their locations have a combined effect on the 
behavior of the laterally loaded pile. The existence of a cavity in front and in touch 
with a pile face causes a decrease in working load as long as it is located in the upper 
two-thirds of the pile length. Also a cavity that exists in the back and in touch with 
the pile face causes a decrease in working load as long as it is located in the lower 
one-third of pile length. The reduction in pile capacity increases as long as the 
existence of cavities in front of a pile is closer to the pile face and near to the soil 
surface. The effect of cavities located in front of the pile is marginal at X/D>8, 
where X is the spacing between the cavity and the pile and D is the diameter of the 
pile. [7] Considered that one option is to support structures on deep foundations 
(piles) which penetrate through the weak/ compressible soils. Even when deep 
foundations are employed, however, it is still generally necessary to import fill to 
raise the grade level above the flooding level. Thus deep foundations must be used in 
combination with fill placed on the weak/ compressible soils. This is a delicate 
situation which the geotechnical engineer must recognize. 
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(a)                                                     (b) 

FIGURE 1. Typical cross section in soil profile with (a) weak layer and (b) cavity 

2. PREDICTING OF ULTIMATE AXIAL RESISTANCE  
The analytical solution for a vertical loaded pile in homogeneous single soil layer 

has been obtained by a number of authors. The behavior of single pile under axial 
loading, as far as load distribution and settlement along the pile are concerned, has 
been analyzed through numerous methods. The can be divided into three main 
categories according to [8]:  

1. Load-transfer methods, which involve a comparison between the pile 
resistance and the pile movement in several points along its length. 

2. Elastic theory-based methods, which employ the equations in Mindl in (1936) 
for surface loading within a semi-infinite mass. 

3. Numerical methods, such as the finite element methods. 
The load on the pile is gradually increased from zero at the ground surface. Part 

of this load will be transmitted by the side friction along the pile and the rest will be 
transmitted to the base. 

 
FIGURE 2. The shapes of failure surfaces at the tips of piles as assumed by 

different Authors, [9] 
 
According to [9] only punching shear failure occurs in deep foundations to attach 

importance to the density of the soil so long as the depth-width ratio L/d is greater 
than 4 where L= length of pile and d = diameter (or width of pile), the failure 
surfaces do not revert back to the shaft.  

 

𝑄𝑢 = 𝑄𝑏 + 𝑄𝑓 = 𝑞0
′  𝑁𝑞 𝐴𝑏 + 𝑃 ∫ 𝑞0

′′ 𝐾𝑠′ tan 𝛿 𝑑𝐿                     (1)
𝐿

0
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Where: 𝑄𝑢 = Load at failure applied to the pile, 𝑄𝑏 = base resistance, 𝑄𝑓 = shaft 
resistance, 𝑞0

′  = effective overburden pressure at the base level of the pile, 𝑁𝑞 = 
bearing capacity factors which take into account the shape factor, 𝐴𝑏= bearing area 
of the base of the pile, 𝑃= circumference, 𝑞0

′′ = average effective overburden 
pressure over the embedded depth of the pile, 𝐾𝑠′ = average lateral earth pressure 
coefficient and 𝛿 = angle of wall fiction.  

 
3. GEOMETRY MODELLING IN PLAXIS-2D  

 
In order to find the influence of weak soil and cavity on the ultimate pile capacity, 

a total of 37 cases are studied, the first case include embedded the pile in dense soil, 
the second group includes piles embedded in dense sand with layer of weak soil at 
different properties (ϕ), thickness (h) and depths from the ground (y) (24 cases). 
While the third group includes 12 cases for existing of cavity with different 
diameters (d) and depths from the ground (y). The cross section of the geometry uses 
in this study was designed as axisymmetric model and according to [10] the 
boundary conditions recommended at least 5D in the lateral direction, and (L+5D) in 
vertical direction where D and L are the diameter and length of piles respectively. 
Details of these cases and the boundary conditions are shown in Figure 3. 

 

 
FIGURE 3. Boundary condition model with existing a) Weak soils, b) Cavity 

 

Experiments of [11] have indicated that Lc (critical length) is a function of friction 
angles (ϕ) and pile diameter (d). The L/d ratio as a function of I and may be 
expressed as follows, [8] 

For 28° < Ø °< 36.5°                 L/d = 5 + 0.24 (Ø ° - 28°)                    (2)  

For 36.5° < Ø °< 42°               L/d = 7 + 2.35(Ø ° - 36.5°)                    (3)  
According to the above eq. the piles with diameter equal to 0.5m and length equal 

to 8m modeled and installed in dense soil with (ϕ = 40º) are chosen. This pile is 
subject to uniform axial loading. 

In this study, the soil was modeled as Mohr-Coulomb and the pile modeled as 
linear elastic non-porous. Table.2 Show the soils and piles properties used in this 
study.  
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The 15-node element was chosen and medium global coarseness with around 328 
elements in order to have a balance between accuracy and calculation time. The 
mesh was refined around the pile to be more accurate, where major variations of 
deformations and stresses are expected , [10] In the present study, a failure load 
defined as that which causes a settlement equal to 10 percent of the pile diameter. 

TABLE 1. 
Soil and pile properties 

 

Soil properties Dense soil Weak soil Pile 1 2 
Modulus of elasticity, E kN/m2 80000 37500 23500 30000000 

Unit weight, γ kN/m3 18 16 15 25 
Poisson's ratio, μ 0.35 0.3 0.3 0.2 

Internal friction, ϕ degree 40 30 25 - 
Cohesion, c kN/m2 1.0 1.0 1.0 - 

Angle of Dilatancy, ψ degree 10 0 0 - 
Interface reduction factor, Rinter 1.0 1.0 1.0 - 

 
4.   RESULTS AND DISCURSIONS  
x Effect of weak soil Layer Depth, thickness, and soil Properties on the ultimate 
pile capacity: Four depths of a single weak soil along the pile are chosen, the center 
of each layer (y), thickness (h), and soil properties (ϕ) are shown in Table 2. In all 
cases the first weak layer case was at the top of the soil and the last one was near the 
pile tip. The relationship between depth of weak layer center and ultimate capacity 
ratio (UCR) of the pile is shown in Figure (4) and (5), the ultimate capacity ratio of 
the pile is defined as the ratio of ultimate capacity of pile penetrate weak soil layer at 
any depth along the pile shaft to ultimate capacity of pile embedded in dense soil (I 
= 40q). From these figures it can be notice that existing of weak soil layer at any 
depth reduces the ultimate capacity ratio, this reduction increased as the depth of the 
weak layer center increased and for the two weak soil layer properties. Many 
researches considered that the load transferred from the pile increased with depth, 
thus existing of weak layer at deeper layer reduces the ultimate pile capacity. This 
behavior clarified the reduction of UCR as depth of weak soil layer increased along 
the pile shaft. 
 

TABLE 2.  
Location and properties of weak soil layer 

 
Thickness of weak 

layer (m) 
Distance from the top to the center of the layer (m) I 

0.5 0.25 2.25 4.25 7.25 25q 
30q 

0.75 0.375 2.25 4.25 7.125 25q 
30q 

1.0 0.5 2.25 4.25 7.00 25q 
30q 

 

The ultimate pile capacity for the cases are shown in Table. 3, also these results 
are compared with theoretical values obtained from Berezantsev method in 1961. 
The results from numerical analysis give higher values in ultimate capacity than 
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theoretical analysis; the range is between (1.25 – 2.39) percent. From Table.3, the 
ultimate capacity of the pile decreases as the thickness of the weak soil layer 
increased. The variation between the ultimate capacity ratios (UCR) with weak soil 
layer thickness seems to be liner, as shown in Figure.6 and 7for weak soil layer with 
angle of internal friction equal to (I = 25q) and (I = 30q) respectively at depth of 
2.25m and 4.25m. 

 

 

 

 

 

 

 

 

 

 
TABLE 3.  

Ultimate pile capacity from finite method analysis and theoretical methods 
 

Thickness of 
weak layer (m) 

Depth of 
layer center 

(m) 

Ultimate capacity from (kN) 
Plaxis 2D Berezantsev 

method in 1961 
Plaxis 2D Berezantsev 

method in 1961 
No weak layer - 2641.8 2612.86 2641.8 2612.86 

  Properties of weak soil layer 
              I = 25q I = 30q 

0.50 0.25 2611.25 2571.25 2631.25 2584.34 

2.25 2591.81 2551.81 2611.81 2565.38 

4.25 2572.36 2532.36 2592.36 2546.41 

7.25 2535.00 2503.20 2555.00 2517.98 

0.75 0.375 2589.02 2549.02 2609.02 2549.63 

2.25 2561.68 2521.68 2583.68 2525.89 

4.25 2532.52 2492.52 2557.52 2500.58 

7.13 2482.39 2450.59 2512.39 2464.19 

1.00 0.5 2565.85 2525.85 2589.85 2526.92 

2.25 2531.82 2491.82 2559.82 2497.39 

4.25 2492.94 2452.94 2523.94 2463.63 

7.00 2431.27 2399.47 2470.27 2417.22 

 

 

 

 

FIGURE 4. UCR versus depth of 
weak soil layer with (I = 25q) and 
for different weak layer thickness 

 

FIGURE 5. UCR versus depth of 
weak soil layer with (I = 30q) and 
for different weak layer thickness           
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x Effect of Existing of Cavity on Ultimate Pile Capacity: Figure 8. show the effect 
of existing cavity on the ultimate pile capacity. In this figure, the curves show same 
trend in behavior as existing of weak soil layer but the values are less. In this figure, 
as the cavity depth increased the ultimate capacity ratio decreases, also the ultimate 
capacity decreased as the cavity thickness increases. The pile capacity was found to 
be minimum when the cavity located near the pile base as shown in Table.4. The 
minimum values of ultimate pile capacity ratio range between (0.8873 – 0.8101). 
These values less than values for the case of existing of weak soil layer at the same 
depth and thickness. 

 

 

 
 

 

 

 

FIGURE 8. Effect of existing cavity with different thickness and depth on the U.C.R 

 

 

 

 

 

 

 

 

 

FIGURE 6. UCR versus 
thickness of weak soil layer 

with (I = 25q) for depths 
(2.25m and 4.25m) 

FIGURE 7. UCR versus 
thickness of weak soil layer 

with (I = 30q) for depths 
(2.25m and 4.25m) 
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TABLE 4.  
Ultimate capacity for piles with cavity in soil at different depths and thickness. 

 

5.  CONCLUSION 
Based on the main results obtained from non-linear analysis using 2D-Plaxis in 

this research, the following conclusions are drawn: The behavior of pile subjected to 
axial load in soil with weak layer can be modeled using the finite element program 
(Plaxis 2D). Existing of weak soil layer within the surrounding soil around the pile 
decreases the ultimate pile capacity. This amount of reduction depends on thickness 
and depth of weak soil layer. The ultimate capacity ratio for the pile decreases as the 
depth of the weak soil layer increased along the pile shaft. The minimum values was 
found when the weak soil layer located near pile tip. The ultimate capacity of the 
pile decreases as the thickness of the weak soil layer increased. The variation 
between the ultimate capacity ratios (UCR) with weak soil layer thickness seems to 
be liner, for all cases for weak soil layer properties. Lower angle of internal friction 
means extra reduction in the ultimate capacity ratio.  

Existing of cavity reduced the ultimate capacity ratio for the pile, the most 
dangerous situation when the cavity located near the pile base. At this condition the 
ultimate pile capacity range between (0.8873 – 0.8101). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thickness of cavity (m) Depth of cavity (m)  Ultimate capacity (kN) 
No weak layer - 2641.8 

0.50 0.25 2500 
2.25 2463 
4.25 2425 
7.25 2344 

0.75 0.375 2478 
2.25 2417 
4.25 2364 

7.125 2270 
1.00 0.5 2381 

2.25 2308 
4.25 2245 
7.00 2140 
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ABSTRACT 

Increasing the bearing capacity of soils has been a recurring issue for several 
thousands of years and even till the present time. The attendant problems resulting 
from dissolving gypsum in gypseous soils in addition to the widespread use of 
plastic material globally has led to the use of plastic waste for reinforcing the 
gypseous soils. A series of tests were carried out to evaluate the benefits of utilizing 
recycled waste plastic bottles in improving the bearing capacity of gypseous soil. 
The soil is classified as poorly graded sand (SP) according to the Uniform Soil 
Classification System. There are three forms of soil reinforcement used in this study, 
non-perforated strips waste plastic, perforated strips waste plastic and irregular 
pieces of waste plastic. The increase in bearing capacity was more than two times 
original bearing capacity in dry condition. The bearing capacity of reinforced soil 
decreased to about 50% after leaching but it is still 1.5 times more than unreinforced 
soil. Conclusively, the reinforcement of gypseous soils with waste plastic can 
improves bearing capacity of soils and reduces pollutants in environment. 

Keywords: Gypseous Soils, Bearing Capacity, Plastic Waste. 
 

1. INTRODUCTION 
 
Gypsous soils are wide spread across the global, where found mostly in the arid 

and semi-dry regions. The estimated area covered by this soil on the universe is 
about 8500.000 km2 and in Iraq equal to about 28% of the total area [1]. It is known 
that this soil causes a lot of problems for the facilities and buildings that are erected 
on it when exposed to water due to melting or dissolution of gypsum in water, which 
causes an increase in compression and decrease in shear strength of the soil. 

The Solubility of gypsum depends on many factors such as the temperature, stress 
level, presence of other salts such as NaCl and MgCl2, as well as the nature and type 
of the gypsum. The soluble gypsum may be leached out of the soil profile, when this 
happens it causes changes in the soil properties [2]. 

 
2. BACKGROUND 

 
Gypsum, whether in massive or particulate form, dissolves due to water table 

fluctuation or water infiltration into these soils causing deterioration of foundations, 
producing cavities and /or progressive settlement of buildings. The dissolution of 
gypsum is likely to be controlled primarily by the surface area in contact with water 
and the flow velocity of water associated with unit area of substance, but it would 
not cause acceleration of seepage flow or foundation deterioration provided that the 
initial flow rates have been kept to low values [3].  
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Klien and Hurbut reported that the hydrated calcium sulfate or gypsum 
(CaSO4.2H2O) is the most wide spread and important hydrous sulfates. The 
structure of gypsum consists of parallel layers of [SO2] -2 groups strongly bonded to 
(Ca) +2, successive layers of this type are separated by sheets of (H2O) molecules 
[4]. According to Alphen and Romero gypseous soils can be define as soils that 
contain more than 2%, gypsum [5]. While Barzanji, classified the soils according to 
their gypsum content to six classes as shown in Table (2-1) [1]. 

 
TABLE 2.1 

Classification of gypseous soil [1] 

Gypsum (%) Classification 

0 – 0.3 Non- gypseous 
0.3 – 3.0 Very slightly-gypseous soil 
3.0 – 10.0 Slightly- gypseous soil 
10.0 – 25.0 Moderate- gypseous soil 
25.0 – 50.0 Highly – gypseous soil 
>50.0 
 

Gypseous soils to be described by the other fraction such as clayey or sandy 
gypseous soil 

 
Knight [6] proposed a test called (Double Odometer Collapse Test), to estimate 

and measure the collapsibility of the gypseous soil. Undisturbed sample of the soil at 
specified initial water content is cut to fit in the consolidometer ring, and loads are 
applied progressively in a manner similar to the standard consolidation test until 
specified soaking pressure (about 200 kPa) is reached. At the end of this loading, the 
specimen is flooded with water, and is left for 24 hr, and the consolidation test is 
then carried out to its maximum loading limit. The collapse potential (CP) is then 
defined as: 
𝐶𝑃 = ∆𝐻𝑒

𝐻𝑜
= ∆𝑒

(1+𝑒𝑜)
                (2.1) 

Where CP is collapse potential, ∆He is change in heights up on wetting, Ho is 
initial height, ∆e is the change in void ratio upon wetting, and eo is the natural void 
ratio. 

After measuring the collapse potential, the severity of the problem of collapse can be 
estimated as shown in Table (2.2) [7]. 

TABLE 2.2 
Collapse potential and severity of problem [7] 

 
Collapse 
Potential (%) 0-1 1-5 5-10 10-20 >20 

Severity of 
Problem 

No 
Problem 

Moderate 
Trouble 

Trouble 
Severe 
Trouble 

Very severe 
Trouble 

The idea of reinforcement of the soil is an old one, which has been put into use since 
the ancient times when human used straw to improve the quality of clay block used in 
construction works and this phenomenon continues till today in some areas [8]. 

Consoli et al, evaluated the benefit of utilizing randomly distributed polyethylene 
terephthalate fiber that were obtained from recycled waste plastic bottles in its simple 
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form and also when combined with rapid hardening Portland cement to improve the 
engineering behavior of a uniform fine sand. The results showed that the polyethylene 
terephthalate fiber reinforcement greatly improved the peak and ultimate strength of 
both cemented and uncemented soil and in a way reduced the brittleness of the 
cemented sand. In addition, the initial stiffness was not significantly changed by the 
inclusion of fibers [9]. In the recent study, a California Bearing Ratio test (CBR) has 
been conducted on the soil samples reinforced with specific plastic strips. The results 
show that use of plastic in soil leads to improve the strength of soil [10].   
 
3 MATERIALS AND METHODS 
3.1 SOIL 
The soil used was taken from Tikrit university campus, in Tikrit, Saladin, Iraq. 
Samples were taken from a depth (1-2) meters below the surface of the Earth. All 
sample wrapped in nylon bags before they were transferred to the laboratory. Figure 
(3.1) shows a sample of gepseous soil. Tables (3.1) and (3.2) show the soil 
properties. 

TABLE 3.1 
Chemical Properties of soil 

Test Value 

Gypsum Content (%) 45-50 
Total Soluble Salts (%) 10.84 
Organic Matters Content (%) 3.01 
pH 7.45 

 
TABLE 3.2 

Physical properties of soil 
 

Properties Value 

Water Content (%) 8.18 
Specific Gravity (Gs) 2.61 
Liquid Limit (%) 20 
Plastic Limit (%) - 
USCS SP 
Relative Density (%) 65.5 
Max. Dry Density (kN/m3) 16.0 
Min. Dry Density (kN/m3) 12.0 
Field Dry Density (kN/m3) 14.35 

 

 

FIGURE 3.1 Gypseous soil sample 
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3.2 REINFORCING MATERIALS (PLASTIC WASTE) 
 

A soft drink bottles were collected for the purpose of reinforcing the soil and 
prepared in two sizes. The first is strips of length (150 - 200) mm, width (15 - 20) 
mm and thickness (0.85) mm which can either be used in either perforated or non-
perforated form. The second size are of small irregular shapes and dimensions. 
 
3.3 TEST METHOD 

The device used in the bearing capacity test consists of four main parts; Box, 
foundation, structure loading and loading system Figure 3.2. An iron box with 
dimensions (900 × 900 × 500) mm filled with competed soil sample. At the bottom 
of the box, a valve is positioned to control the discharge of water during the washing 
process; in addition, a plastic transparent tube of 600mm height is attached 
(vertically) to the bottom measure water level as well as detects time of saturation. 
Other components of the box are; a filter made from Geotextile material at the base 
of the box prevents solid materials from passing during the process of soil washing. 
A square rigid foundation plate with (100 × 100) mm and (30) mm thickness was 
used for bearing capacity test. Soil samples were put in the box in layers with 25mm 
thickness. Each layer was compacted alone by iron hammer until the required 
density achieved. In dry condition, soil were tested without using water by 
increasing bearing load until failure, the settlement with corresponding load were 
measured.  

 

FIGURE 3.2 Sketch for compression machine used for test 

In wet condition, initially, the foundation was loaded with 100 kPa pressure in dry 
condition and settlement reading was taken. Then, the soil was soaked in water. The 
process of soil inundation with water (Soaking Process) took approximately (48 - 
96) hours the settlement was recorded during the test process at different periods by 
the dial gauge, then washing process (Leaching Process) applied. The washing 
process was run for 144 hours (six days). At the end of leaching process, the water 

Filter 
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supply valve was turned off and the water was drained out, thereafter, the tested 
completed by increasing the load gradually until the failure. 
 
4 RESULTS AND DISCUSSION 
4.1 BEHAVIOR OF DRY SOIL 

Figure (4.1) gives the relationship between the bearing pressure and the drop in 
millimeters of the unreinforced dry soil with field density and moisture content. 
From this figure, the relationship is linear only in its early stages and continue 
nonlinearly until failure. The value of maximum bearing pressure can be identified 
through the continued decline without any increase in the load. The maximum 
bearing amount for unreinforced soil was (254 kPa) at a drop of (10.5) mm.  

As mentioned previously, three types of reinforcement were used in this work, the 
first being cut bottles in the form of tapes, the second type is in the form of 
perforated strips and the third type was randomly cut small pieces of different shapes 
and sizes. The relationship between stress and settlement of the reinforced soil of 
these three types are illustrated in Figure (4.2). The behavior of the three types of 
reinforced soils is similar to the behavior of the unreinforced soil with a difference in 
the values of bearing capacity and settlement. 

 

FIGURE 4.1 the relationship between the bearing pressure and the settlement of the 
unreinforced dry soil 

Table 4.1 shows the values of maximum bearing capacity of the unreinforced soil 
and the reinforced soil with the values of the corresponding final settlement. For the 
purpose of studying the efficiency of the reinforced soil, the expression ratio of 
bearing capacity of the soil (which is equal to the value of the maximum stress of the 
reinforced soil divided by the value of bearing of unreinforced soil) was used. It can 
be seen from Figure 4.2, bearing capacity of reinforced soil by plastic stripes equal 
to two times the bear capacity of unreinforced soil. While the bearing capacity of 
soil reinforced by perforated strips equal to 2.393 times the bearing capacity of 
unreinforced soil. 
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FIGURE 4.2 the relationship between the bearing pressure and the settlement of the 
reinforced and unreinforced soil in dry case 

Previous study showed that the measured bearing capacity (soil using plate load 
test) of the plastic bag waste reinforced soil higher than unreinforced soil. In 
addition, the results reveal that as the plastic strip lengths and widths increased, the 
bearing capacity of the soil also increased [11].  

 
TABLE 4.1 

Values of the bearing capacity and settlement of the soil with and without 
reinforcement 

 
Type of soil Bearing capacity of 

soil (kPa) Max. Bearing (%) Settlement (mm) 

Unreinforced soil 254 1.000 10.50 
Reinforced with strips 504 1.984 13.6 
Reinforced with Perforated strips 608 2.393 11.1 
Reinforced with plastic pieces 338 1.330 10.9 

 
4.2 BEHAVIOR OF SOIL AFTER SOAKING AND LEACHING 

 
Figure (4.3) shows the relationship between the bearing pressure and the 

settlement of the reinforced and unreinforced soils.  
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FIGURE 4.3 the relationship between bearing pressure and settlement for reinforced 
and unreinforced soils after soaking and leaching 

It was found that immersion and washing soil with water increase the settlement 
significantly at constant load of 100 kPa, the value of maximum bearing for the 
unreinforced soil drop to 117 kPa which is equal to 50% the bearing capacity of 
unsoaked samples and the value of settlement increased to 44 mm after soaking. It 
was found also soil failed quickly after increasing the bearing load. However, the 
bearing pressure of reinforced soil after soaking still higher than in reinforced soil in 
about 1.5 times.  

Table 4.3 shows the amount of improvement in the reinforced soil after soaking 
and leaching. It is noted that the reinforcing tapes has the best bearing capacity ratio, 
this is quite different from the dry case and this may be due to the reinforcement 
preventing the leakage of dissolved gypsum which then reduces the voids and 
collapsibility of the soil compared to the rest categories of reinforcement. The 
perforated strips give less bearing capacity due to the holes in tapes, which have 
contributed to the movement of dissolved gypsum and led to increase in voids. 
Despite the increase in the bearing capacity of soil during soaking and leaching 
stages the settlement remained higher, however these values may not fit engineering 
requirements of structure, but in spite of this, the use of this type of reinforcement, 
with a very reduced cost implication may contribute to reducing the safety factor to 
be taken when designing foundations in gypsum soils. 
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TABLE 4.2 
Values of the bearing capacity and settlement of the soil with and without 

reinforcement after soaking with water 
 

Type of soil Soaking 
Time (hr) 

Leaching 
Time (hr) 

Settlement 
(mm) 

Max. 
Bearing 
Capacity 

(kPa) 

Total 
Settlement 

(mm) 

Unreinforced soil 72.0 144.0 35.0 117.0 44.0 
Reinforced with strips 138.0 144.0 23.0 192.0 31. 
Reinforced with 
Perforated strips 114.0 144.0 25.0 170.0 35.5 

Reinforced with 
plastic pieces  74.0 144.0 31.0 131.0 43.0 

 

TABLE 4.3 
Values maximum bearing ratio and settlement of the reinforced and unreinforced 

soil after soaking and leaching 
 

Type of soil Max. Bearing (%) Settlement (mm) 

Unreinforced soil 1.000 44.0 
Reinforced with strips 1.641 31.0 
Reinforced with Perforated strips 1.452 35.5 
Reinforced with plastic pieces  1.119 43.0 

 

5 CONCLUSION 

In this study, bearing capacity of gypseous soil were measured before and after 
plastic waste reinforcement. The results shows that the use of plastic waste improve 
the bearing capacity of the gypsum soil. The maximum improvement occurred in dry 
condition, where the perforated plastic waste strips led to increased bearing capacity 
by 248% while the increase in non-perforated plastic waste strips was 198%. It is 
also evidenced that reinforcement of the soil by using pieces of waste plastic, causes 
slight increase in the susceptibility of the soil. Foundation settlement in reinforced 
and unreinforced soils was insignificant in dry condition while a significant 
settlement were noted in wet condition. Furthermore, reinforcing the soil with plastic 
waste can also reduce the settlement in wet condition. Finally, use of plastic waste 
will also greatly reduce the environmental menace. 
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ABSTRACT 

A Graphite Epoxy composite plates has been analyzed dynamically in the present 
work by using a quadratic element (8-node diso parametric) by depending on 1st 
order shear deformation theory, every node in this element has 6-degree of freedom 
(displacement in x,y and z axis and twist about x ,y and z axis ) .The dynamic 
analysis   in the present work   covered   parametric studies on a composite laminated 
plate (square plate) to determine its effect on the natural frequency of the plate. The 
parametric study   represented by set of changes (layer number, boundary conditions, 
layer orientation) the plates have been simulated by using ANSYS package 12. The 
boundary conditions considered in this study, at all four edge of the plate, are simply 
supported and clamped boundary condition. The results obtained from ANSYS 
program shows that the natural frequency for both fixed and simply supported 
increase with increasing the number of layers, but this increase in the natural 
frequency for the first five modes will be neglected after 10 layers. And it is 
observed that the natural frequency of a composite laminated plate will change with 
the change of ply orientation, the natural frequency increase and it will be at 
maximum with angle 45 of ply for simply supported laminated plate, and maximum 
natural frequency will be with cross ply (0 / 90)for fixed laminated composite plate. 

Keywords: laminated plate, orthotropic plate, square plate, (free vibration) natural 
frequency, Composite (graphite/ epoxy).   

 
1. INTRODUCTION 

 
Technological progress results in the continuous expansion of structural material 

types and in an improvement of their properties. The most frequently used structural 
materials can be categorized in four primary groups: metals, polymers, composites, 
and ceramics. One of the clearest manifestations of such an interrelated process is 
the development and application of composite materials. The needs of the aerospace 
industry and high raise building drive to the use and improvement of composite 
materials [1]. The progress in the industrialization process and technology of 
composites materials has improved the use of the composites from secondary 
structural components to such a primary component. Through the last decade plates 
made by composite materials are being progressively used in many engineering 
purpose. The high stiffness/weight ratio coupled with the flexibility of the chosen of 
the lamination sketch which can be sewed to match the design demand makes the 
laminated plate an interesting structural component for many manufactures. The 
grown use of laminated plates in different areas has encouraged the use of plates as a 
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constructional element for the present research. The results of the analysis of natural 
frequency for the laminated composite plates in the structural designing  are so 
remarkable to avoid the resonant  action of the laminated structures, whether  the use 
of composite materials are in civil, aerospace, and marine they are applied to 
dynamic loads. 

 
2. REVIEW OF LITERATURE 

 
The natural frequencies and mode shapes of a number of Graphite/ Epoxy and 

Graphite/Epoxy-Aluminum plates and shells were experimentally determined by 
Crawly. Natural frequency and mode shape results compared with finite element 
method [2]. 

Kim and Gupta (1990) investigated the effects of lamination and extension–
bending coupling, shear and twist-curvature couplings on the lowest frequencies and 
corresponding mode shapes for free vibration of laminated anisotropic composite 
plates using a finite element method with quadratic interpolation functions and five 
degrees of freedom (DOF). 

Narita and Leissa (1991) presented an analytical approach and accurate numerical 
results for the free vibration of cantilevered, symmetrically laminated rectangular 
plates. The natural frequencies are calculated for a wide range of param- eters: e.g., 
composite material constants, fiber angles and stacking sequences. 

Qatu and Leissa (1991) analyzed free vibrations of thin cantilevered laminated 
plates and shallow shells by Ritz method. Convergence studies are made for 
spherical circular cylindrical, hyperbolic, paraboloidal shallow shells and for plates. 
Results are compared with experimental value and FEM. The effect of various 
parameters (material number of layers, fiber orientation, curvature) upon the 
frequencies is studied. 

Koo and Lee (1993) used a finite element method based on the shear deformable 
plate theory to investigate the effects of transverse shear deformation on the modal 
loss factors as well as the natural frequencies of composite laminated plates. The 
complex modules of an orthotropic lamina were employed to model damping effect. 

Rikards (1993) presented a sandwich composite beam and plate finite super 
elements with viscoelastic layers for vibration and damping analysis of laminated 
composite beams or plates. Each layer was considered as simply Timoshenko’s 
beam or Mindlin-Reissner plate finite element. 

Rosce and Lu (1993) have determined the vibrational characteristics of a glass 
reinforced composite cylindrical shell experimentally and evaluated. An impedance 
test was conducted to study the effectiveness of damping and vibration related 
properties of the composite. 

Soares, Pedersen and Araujo (1993) described an indirect identification technique 
to predict the mechanical properties of composites which makes use of eigen 
frequencies, experimental analysis of a composite plate specimen, corresponding 
numeri- caleigen value analysis and optimization techniques. 

 
3. MATERIAL & METHODOLOGY COMPOSITE MATERIALS 

 
A composite material can be defined as a combination of a matrix and a 

reinforcement, which when combined gives properties superior to the properties of 
the individual components. In the case of a composite, the reinforcement is the 
fibres and is used to fortify the matrix in terms of strength and stiffness [3]. 
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A reinforcement material called fiber and a base material called matrix to achieve 
better engineering properties than the conventional material. Composite materials 
are ideal for structures that require high strength to weight and stiffness to weight 
ratios. The positive characteristic of using composite material is the control 
capability of fiber alignment by changing the fiber orientation and layers according 
to the required properties (strength and stiffness). 

For the present study it has been considered a square orthotropic plate consists of 
graphite/epoxy material accumulate series considered for the laminates is [Ѳ/Ѳ], 
with change of Ѳ. The symmetry angle-ply composite plate is simulated for various 
stacking series for two boundary conditions, simply supported and fixed has been 
considered. Detail of the plate : Length = 1m, width = 1m, thickness = 0.01 m, 
stacking sequence angle  (0,15,30,45,60,75,90), Layer number 
=(2,4,6,8,10,12,14,16) ply, material properties are: 

E1 = 175 e9 N/m2, E2 = 7 e9 N/m2, E3 = 7 e9 N/m2 , V12 = V13 = 0.25  
V23 = 0.01, G12 = G13 = 3.5 e9 N/m2 , G23 = 1.4  e9 N/m2  
Unit weight= 1550 kg/m3  
 

3.1 FREE VIBRATION 
 
Means the movement of a structure without any exterior powers(dynamic force)or 
reaction motion. The linear(SDF)systems motion without damping can be specializes  

 
Free vibration is initiated by disturbing the system from its static equilibrium 

position by imparting the mass some displacement u(0) and velocity ů (0) at time 
zero, defined as the instant the motion is initiated  

u = u(0), ů = ů(0) 
So, solution to the equation is obtained by standard methods: 

 
Where natural circular frequency of vibration in unit radians per second= 

 
The time required for the undamped system to complete one cycle of free      
vibration is the natural period of vibration of the system. Natural cyclic frequency of  

 
vibration is denoted by Fn= 1/ Tn , unit in Hz (cycles per second) 
 
3.2   MODE SHAPE 
 

Introducing the Eigen value problem whose solution gives the natural frequencies 
and modes of a system. The free vibration un damped system in one of its natural 
vibration modes can be described by 
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The time variation of the displacements is described by the simply harmonic 
function 

 
An, Bn are constants of integration. 
Combining above two equations  
 

 
Putting in equation of un damped free vibration 
 

 
 

 
This is called matrix Eigen value problem. 
This equation can be written as 

 
A set of “n” homogeneous algebraic equation is for that “n” no of element. This 

set has always the trivial solution фn=0, it implies no motion. The nontrivial solution 
is: 

 
 
3.3   ANSYS MODELING 

 
By using ANSYS 12.0 package the dynamic analysis have been done. For layered 

applications of a structural shell model the element SHELL99 can be used. So the 
element SHELL99 linear layer used to model the laminated composite plates. 
SHELL99 go ahead up to two hundred fifty layers. This element has 6-degrees of 
freedom in every node: displacement in the x, y, and z directions and twist about the 
nodal x, y, and z axes. 
 
4. RESULTS AND DISCUSSION 

 
The natural frequency of laminated composite plates is investigated for various 

numbers of layers, and stacking sequences (with the same thickness) in the 
laminated composite plates. Couples of cases for boundary conditions were analyzed 
(simply supported and fixed). The cases investigated during the present study are 
defined below. 
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4.1   Case 1: A composite laminated plate consisted of graphite/epoxy material for 
tow boundary conditions simply supported and fixed have been investigated for the 
current study. In this problem the natural frequency has been studied for various 
numbers of layers for the composite plate for the same thickness. 

TABLE 1. 
Natural frequency of a fixed symmetry angle-ply [45 / 45-]s square composite 

laminated plate 
Natural Frequency 
No. of layer mode1 mode2 mode3 mode4 mode5 
 2 67.05 134.58 134.58 211.51 232.25 
4 99.65 176.11 219.21 268.91 334.75 
6 104.95 195.73 222.04 308.11 355.21 
8 106.11 201.25 221.3 319.33 359.48 
10 106.81 204.85 220.69 326.39 362.22 
12 107.1 206.75 219.98 330.06 363.27 
14 107.32 208.18 219.51 332.65 364.15 
16 107.44 209.13 219.01 334.32 364.55 

 

It is observed from the table above that the increasing in layer numbers for the same 
thickness of the plate with the same case of boundary condition which is fixed, 
increase the Natural Frequency clearly, but this increase in Natural Frequency will be 
ignored after rising layer numbers more than 10 for the same thickness, so it can 
deduced from that the maximum natural frequency for this plate by using 10 layer for 
symmetric fixed composite laminated plate. The effects of number of layer in the 
laminate are clearly shown Fig. 1 
 

 

FIGURE 1. Natural frequency (first mode shape) of fixed composite laminated plate 
with various numbers of layers 
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TABLE 2. 
Natural frequency of a symmetry angle-ply [-45 / 45] s simply supported square 

laminated composite plate 
 

Natural Frequency 
No. of layer mode1 mode2 mode3 mode4 mode5 
 2 51.25 105.79 105.79 179.26 181.48 
4 59.83 129.88 157.82 199.19 256.5 
6 64.73 137.35 160.64 234.99 275.01 
8 65.87 142.41 160.25 245.6 279.2 
10 66.5 145.61 159.68 252.33 281.61 
12 66.79 147.35 159.13 255.96 282.67 
14 66.99 148.62 158.68 258.5 283.43 
16 67.1 149.48 158.29 260.23 283.84 

 

It is also observed from the above table that the increasing in layer numbers for the 
same thickness of the plate with the same case of boundary condition which is 
simply supported, increase the Natural Frequency clearly, but this increase in 
Natural Frequency will be also ignored after rising layer numbers above 10 for the 
same thickness, so it can deduced from that the maximum natural frequency for this 
plate by using 10 layer for symmetry simply supported composite laminated plate. 
The effects of number of layer in the laminate are clearly shown Fig.2 

 

FIGURE 2. Natural frequency (first five mode shape) of simply supported composite 
laminated plate with various No. of layers 

4.2   Case 2: Natural frequency of a fixed symmetry cross-ply and angle-ply square 
laminated composite plate for 10 layers were studied. The composite laminated plate 
consisted of graphite/epoxy material for 2 boundary conditions, simply supported 
and fixed has been considered for the current case. In this case the natural frequency 
has been studied for various layers orientation for the composite laminated plate.  

TABLE 3. 
Natural frequency of a 10 layer fixed symmetry angle-ply square laminated 

composite plate 
Angle of layers mode1 mode2 mode3 mode4 mode5 
[-15/15/-15/15/-15]s 110.53 140.55 193.63 269.21 285.42 
[-30/30/-30/30/-30]s 107.97 170.99 254.72 262.69 329.57 
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[-45/45/-45/45/-45]s 106.81 204.85 260 326.39 362.22 
[-60/60/-60/60/-60]s 107.97 170.99 254.72 262.69 329.57 
-[75/75/-75/75/-75]s 110.53 140.55 193.63 269.21 285.42 
-[90/90/-90/90/-90]s 112.02 205.64 251.29 308.78 368.13 

 

From the above tables it is observed that the natural frequency for  a 10 layer cross-
ply and angle ply composite laminated plate with clamped boundary condition in 
symmetric arrangement of layers decrease when the angle of ply changes from 0 ͦ to 
45 ͦ, then it increases up to 90 ͦ. So the minimum value of natural frequency will be at 
angle 45 ͦ of ply orientation. And it is also observed that the natural frequency in case 
of angles 15 & 75 are same, and 30 & 60 are same also. The effects of number of 
layer in the laminate are clearly shown Fig3 

 

FIGURE 3. Natural frequency (first mode shape) of fixed composite laminated plate 
with various layer orientations 

 
TABLE 4. 

Natural frequency of a 10 layer simply supported symmetry angle-ply square 
laminated composite plate 

 
Angle of layers mode1 mode2 mode3 mode4 mode5 
[-15/15/-15/15/-15]s 55.62 86.79 138.1 189.46 209.45 
[-30/30/-30/30/-30]s 63.134 120.48 176.53 202.08 250.52 
[-45/45/-45/45/-45]s 66.5 145.61 169.68 252.33 281.61 
[-60/60/-60/60/-60]s 63.134 120.48 176.53 202.08 250.52 
-[75/75/-75/75/-75]s 55.62 86.79 138.1 189.46 209.45 
-[90/90/-90/90/-90]s 51.344 127.82 161.25 204.13 270.09 

 
 
From the above tables it is observed that the natural frequency for  a 10 layer cross-
ply and angle ply composite laminated plate with simply supported boundary 
condition in symmetric arrangement of layers increase when the angle of ply 
changes from 0 ͦ to 45 ͦ, then it decreases up to 90 ͦ. So the maximum value of natural 
frequency will be at angle 45 ͦ of ply orientation. And it is also observed that the 
natural frequency in case of angles 15 & 75 are same, and 30 & 60 are same also. 
The effects of number of layer in the laminate are clearly shown Fig. 4 
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FIGURE 4. Natural frequency (first mode shape) of simply supported composite 

laminated plate with various layer orientations 

5. CONCLUSION 

The free vibration of a composite laminated plate has been stated. From different 
boundary condition (simply supported and fixed), it is found that the natural 
frequency for composite laminated plate in fixed boundary condition is more than in 
simply supported boundary condition. By increasing the number of layers of the 
laminated plate for the same thickness it is observed that the maximum natural 
frequency can be obtained using 10 layers laminated plate for both simply supported 
and fixed boundary conditions. And it is observed that the maximum natural 
frequency for angle-ply simply supported composite plate can be found using angle 
[-45 / 45] for fiber orientation, and using cross-ply [0/90] fixed composite plate.  
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ABSTRACT 

An attempt is made in this work to put a guideline for the construction officials in the 
country to measure the sustainability condition of any building construction project.95 
questions to be filled by the supervisors of construction project is being issued and 
categorized.  

Keywords: sustainability, sustainable construction, concrete sustainability. 

 

1. INTRODUCTION 
 

While progress is being made in achieving sustainability, even greater levels of 
energy and environmental efficiency, durability, and renewability are possible as green 
building practices continue to move forward. The benefits of economic savings and 
increased occupant productivity provide additional incentives to continue research and 
development in this field. As more public and private entities invest in sustainable 
practices, even greater opportunities for savings and optimal use of limited resources 
will emerge.  

 

2. ENVIRONMENTAL CONSTRUCTION GUIDELINES 
2.1   GENERAL CONSIDERATIONS  
 

The construction process can have a significant impact on environmental resources. It 
can also minimize the prospect of adverse indoor air quality in the finished building. In 
addition to yielding environmental benefits, all of these actions can lower project costs.  
In many cases, construction clears and disturbs the site’s existing natural resources 
native vegetation and wildlife, natural drainage systems, and other natural features and 
replaces them with artificial systems such as non-native vegetation and artificial 
drainage. Fig.(1) shows the elements of questionnaire implemented in this work. 
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FIGURE1. Questionnaire Flow Chart 

 

2.2   DATA TO BE COLLECTED 
 

In this work, an extensive field data of some major construction projects in Kurdistan 
region is to be collected and studied, in a companion paper, in the path of sustainable 
construction practice. This is to explore and identify the sustainability of construction 
projects as a trial to put some points to pave the way for future improvement in this 
respect.  

 
2.3   QUESTIONS WERE APPLIED FOR STUDY                                                                           
 

A lot of questions were presented to the projects officials, where the answers required 
are only by (Yes/No).  The (Yes) means that sustainability measures are considered in a 
satisfactory way, the (No) means that sustainability measures are not considered. The 
questions required can be classified as follows:  

 

 2.3.1   SITE AND MATERIALS OF CONSTRUCTION 
 

1. Avoiding construction on prime agricultural land  
2. Avoiding construction on undeveloped land that is environmentally sensitive. 
3. Avoiding construction on public parkland or land adjacent to bodies of water.     
4. Selecting a building that is well connected to existing networks of public 

transportation 
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5. Minimizing the building footprint and protecting and enhancing with natural 
vegetation. 

6. Appropriate landscape design and the use of captured rainwater, recycled 
wastewater. 

7. Minimizing impervious ground surface (such as for vehicle parking) and 
providing a surface drainage system that conducts water to areas on the site. 

8. Grading the site to appropriate slopes and planting vegetation that holds the soil 
in place to prevent erosion. 

9. Distinctive site features such as rock formations, forests, grasslands, streams, 
marshes, and recreational paths and facilities, if destroyed for new construction, 
can never be replaced. 

10. Providing shade, vegetated or reflective roof surfaces, reflective paving 
materials. Siting a building for best exposure to sun and wind maximizes solar 
heat gain in winter and minimizes it in summer to save heating and air 
conditioning fuel. 

11. Protect trees and sensitive areas of the site from damage during construction. 
12. Topsoil should be stockpiled carefully during construction and reused on the 

site. 
13. Guard against soil erosion by water and wind during construction. 
14. Construction machinery should be selected and maintained so that it pollutes the 

air as little as possible. 
15. Surplus excavated soils should be reused either on the site or on another site 

nearby. 
16. Construction wastes are recycled. 
17. Clay and shale, the raw materials for bricks, are plentiful. 
18. Clay brick can include recycled brick dust, postindustrial wastes such as fly ash. 
19. These wastes generally go into landfills or are buried on the site. 
20. Sealers applied to brick masonry 
21. When a brick building is demolished, sound bricks may be cleaned of mortar 

and reused. 
22. Brick waste can be crushed and used for landscaping. Brick and mortar waste 

can also be used as on-site fill. 
23. Some emissive spray-on fireproofing materials are used? 
24. Steel exposed to weather needs to be repainted periodically 
25. Steel is galvanized, or given a long-lasting polymer coating, or made of more 

expensive stainless steel. 
26. Steel framing members in building walls and roofs should be thermally broken 

or insulated in such a way that they do not conduct heat between indoors and 
outdoors. 

27. When a steel building frame is demolished, its material is recycled. 
28. Surface oils and protective coatings sometimes outgas and cause occupant 

discomfort. 
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2.3.2   WASTE, RECYCLING AND GREEN USES 
 

1. Use waste materials from other industries, such as fly ash from power plants, 
slag from iron furnaces, copper slag, foundry sand, mill scale, sandblasting grit, 
and others, as components of cement and concrete. 

2. Use concrete made from locally extracted materials and local processing plants 
to reduce the transportation of construction materials over long distances. 

3. Minimize the use of materials for formwork and reinforcing. 
4. Reduce energy consumption, waste, and pollutant emissions from every step of 

the process of concrete construction, from quarrying of raw materials through 
the eventual demolition of a concrete building. 

5. Waste materials such as crushed, recycled glass, used foundry sand, and 
recycled concrete can substitute for a portion of the conventional aggregates in 
concrete. 

6. Concretes that use less water by using super plasticizers, air entrainment, and fly 
ash 

7. The extra concrete is often dumped on the site, where it hardens and is later 
removed and taken to a landfill for disposal. 

8. An empty transit-mix truck must be washed out after transporting each batch, 
these wastes can be recovered and recycled as aggregates and mixing water 

9. Formwork components can be reused many times. 
10. Form release compounds and curing compounds are used. 
11. Insulating concrete forms are used. 
12. When a concrete building is demolished, its reinforcing steel is recycled. 
13. Fragments of demolished concrete can be crushed, sorted, and used as 

aggregates for new concrete.  
14. Demolished concrete is buried on the site, used to fill other sites, or dumped in a 

landfill. 
15. Pervious concrete, made with coarse aggregate only, is used  
16. In brown field development, concrete fill materials can be used to stabilize soils. 
17. Structured parking garages replace surface parking. 
18. Concrete’s thermal mass can be exploited to reduce building heating and cooling 

costs. 
19. Lighter-colored concrete paving is used rather than darker asphalt paving. 
20. Interior concrete slabs made with white concrete are used. 
21. Photo-catalytic agents are added to concrete used in construction of roads and 

building 
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      2.3.3   ROOFS 
 

1. A roof can conduct rainwater to a cistern, tank, or pond for use as domestic 
water, industrial water, or irrigation. 

2. A properly proportioned overhang is used to shade windows from the high 
summer sun but admit warming light from the low winter sun. 

3. A light-colored roof covering is used. 
4. Reflective roofs are used. 
5. In a hot climate, a shading layer above a roof, with a freely ventilated space 

between, is used.  
6. A roof surface can support solar heat collectors to provide electrical power 
7. Cellulose thermal insulating material is used in roofs. 
8. Glass wool and mineral wool thermal insulating material is used in roofs. 
9. Polystyrene foam thermal insulating material is used in roofs. 
10. Bituminous roofing largely based on asphaltic compounds derived from coal and 

petroleum is used 
11. Roofing felts are made with cellulose or glass fibers. 
12. Adhesive bonding, solvent welding, and heat welding of seams may give off 

volatile organic compounds (VOCs), are used. 
13. Materials from demolition of built-up roof membranes are generally incinerated 

or taken to landfills. 
14. Thermoplastic single-ply membranes are used. 

 

2.3.4   EXTERIOR WALL SYSTEM 

 
1. An all-glass exterior wall system is used. 
2. Glass is used where it can supply day-lighting and provide views 
3. Windows are opened and closed by the occupants. 
4. Thermal bridges are eliminated from the exterior wall. 
5. Fresh air should be provided by the building’s ventilation system, not by air 

leakage through the exterior wall. 
6. Glass is used to provide solar heat to the building in winter, but care must be 

taken to avoid glare, local overheating, and ultraviolet deterioration of interior 
surfaces and furnishings that are exposed to sunlight. 

7. South-facing surfaces of the exterior wall are used to generate electrical energy. 
 

2.3.5  INTERIOR WALL SYSTEM 
 

1. Gypsum board waste generated during construction is minimized by sizing walls 
and ceilings to make efficient use of whole boards or by ordering custom-sized 
boards for nonstandard-size surfaces. 
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2. Gypsum board scrap can be permanently stored in the hollow cavities of finished 
walls, eliminating disposal and transportation costs and reducing the amount of 
material destined for landfills. 

3. Additives used in the manufacture of moisture-resistant and fire-resistant 
gypsum board are potential sources of volatile organic compound (VOC) 
emissions? 

4. Paints, wall-covering adhesives used to finish gypsum surfaces can be 
significant emitters of VOCs.  
 

2.3.6   FINISHING MATERIALS  
 

1. Finish materials have a high recycled content. 
2. Finish materials wastes end up in landfills. 
3. Interior finishes derived from rapidly renewable sources, such as bamboo 

flooring, or from certified woods reduce the depletion of raw materials of 
limited supply and protect forest ecosystems. 

4. Finish materials are extracted, processed, and manufactured locally. 
5. Indoor finish materials and coatings including emitters are used? e.g. 

glues and binders used in wood panels and other manufactured wood 
products, leveling compounds applied to subflooring, carpet fabrics and 
backings, carpet cushions, carpet adhesives, antimicrobial and 
mothproofing carpet treatments, wall covering adhesives, resilient 
flooring adhesives, vinyl in all its forms, gypsum board joint compounds, 
curtain and upholstery fabrics, paints, varnishes, stains, and more. 

6. Formaldehyde gas is used? It is an irritant to building occupants, causes 
nausea and headaches, and can exacerbate asthma. 

7. Volatile organic compounds are used? They re air pollutants. 
8. The chemical 4-phenylcyclohexene is used? It is emitted by rubber 

binders used in some carpets and pads. It is carcinogenic. 
9. Floor plans are used that are flexible and easily adapted to new uses and 

partition systems that are easy to modify encourage building reuse. 
10. Use of high ceilings, low partitions, transparency, reflective surfaces, and 

light colors can maximize day lighting potential and views to the 
exterior. 

11. Spaces designed with exposed structure and without suspended ceilings 
save materials. 

12. Acoustical ceiling tiles are used? They can be a source of volatile organic 
compound (VOC) emissions as well as a reservoir for emissions from 
other sources. 

13. Low-emitting acoustic tiles are used. 
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14. Concrete, stone, masonry, ceramic tile, and cementations mortars and 
grouts are used. They are chemically inert and generally free of 
emissions. 

15. Organic adhesives used in tiling and resins are used? They may be 
sources of emissions? 

16. Sealers applied to hard flooring materials to provide water repellency and 
protections from staining are potential sources of emissions. Used or not? 

17. Self-leveling cements used to prepare subfloors for resilient flooring 
coverings are potential sources of emissions. Used or not? 

18. Vinyl (polyvinyl chloride) is a component of many resilient floor 
coverings and other interior finish products. 

19. Carpets and cushions are made with at least some recycled material. 
20. Factory-applied adhesives are used? They tend to have lower VOC 

emissions than adhesives applied on the construction site. 
21. Carpet tiles or full carpets are used? tiles allows easy spot replacement, 

lessens the need for full carpet replacement when a small area becomes 
worn or damaged, thus extending the life of the carpet installation and 
reducing waste. 

3. CONCLUSIONS 
 

Wide scale questionnaire is developed and arranged in this work. The questionnaires are 
categorized in six main parts of construction projects of buildings. The total number of 95 
questions covers almost the majority of construction steps that having a considerable impact 
on the environment in many ways.  
The questionnaire developed hereby is applied on several big construction projects in 
Kurdistan Region of Iraq.  
The authors present this paper as a proposal of sustainability measurements guide for the 
construction officials in the region.  
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ABSTRACT 

The guideline developed in a companion study by the authors is applied and studied in 
this work to assess the sustainability score of several big construction projects in 
Kurdistan Region of Iraq. Results were varied as the sustainability measures being 
applied on certain steps and neglected on many others .Attention on this issue can be 
found in the conclusions.  

Keyword: sustainability, sustainable construction, concrete sustainability. 

 
1. INTRODUCTION  
 
Sustainable building practices are being adopted by an increasing number of building 
owners, both public and private, for both new construction and renovations. Green 
building initiatives, including the adoption of public policy and practices, are expanding 
each year in cities and counties across the world. In our country, building owners and 
operators from major corporations to small businesses, along with product 
manufacturers, construction companies, and financiers, should discover the economic 
and environmental benefits of green buildings.  
 
2. ENVIRONMENTAL CONSTRUCTION GUIDELINES  
2.1  GENERAL CONSIDERATIONS  
 

The construction professional’s responsibility is to fulfill the project objectives in 
accordance with the construction contract, construction drawings and specifications, 
project schedule, and project budget. The contractor’s goal is to build the project for the 
lowest costs within the tightest time-frame, and at the highest profit. The contractor is 
not likely to implement environmental practices unless they involve almost no 
additional cost, have been required contractually, or are economically beneficial to the 
contractor.  
 
2.2 DATA COLLECTED  
 

In this work, an extensive field data of some major construction projects in Kurdistan 
region is collected and studied in the path of sustainable construction practice .This is to 
explore and identify the sustainability of construction projects as a trial to put some 
points to pave the way for future improvement in this respect.  
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2.3 QUESTIO0NNAIRES APPLIED FOR STUDY  
 

A lot of questions were presented to the projects officials, where the answers required 
are only by (Yes/No). The (Yes) means that sustainability measures are considered in a 
satisfactory way, the (No) means that sustainability measures are not considered. The 
questions required can be classified as mentioned in companion study: 
 

TABLE 1. 
List of projects 

 

Projects Title Owner Contractor Cost Area Description 

Empire 
world 
 

Empire 
World-West 
wing project 

Falcon Group B.C Company 

 

 

112000000$ 

 

40 000 M2   , 
165 000 M2 
Gross build-

up area 

11 High-rise 
buildings, 

totaling 944 
apartments 

Addala 
tower 

EBTC 

 

NRN Ogulu 
Company 

N/A 

 

5000m2 Tunnel form 
structure with 

36 floors and 3 
basements 

Stadium Stadium Ministry of 
youth 

Al-Mansour 
Contracting 

2 550 000$ 42 000m2 Football field 
with main 
buildings , 

Cafeterias and 
green spaces 

Residential 
project 

Residential 
Compound 

Ministry of 
construction 
and housing 

Al-mansoor 
Contracting 

150000000$ 84430m2 100 houses 
with an area of 
300m2/house 

4Towers 4Towers Ashoor ban Aksa Yapi 60 000 000$ 10 000m2 residential 
apartments 
(287 unit ) 

Ashti City 
‘1’ 

 

Ashti city “1” 

 

N/A 

 

Eskan 
company for 
investment 
and real-

estate 
development 

76 000 000$ 1000000m2 

 

1520 units of 
residential 

houses 

Ashti City 
‘2’ 

Ashti City ‘2’  Eskan 
Company for 
investment 
and real-

estate 
development 

130 000 000 
$ 

1 000 000m2 1100 units of 
different house 

plans 

Global city Global city  Eskan 
company 

200 000 000$ 1 200 000m2 1200 units of 
villas 
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Yes(Max=28,Min=5) No(Max=24,Min=1)

EMC EMC   10 000 000 $ 850 000m2  

Hospital Hawler 
General 
Hospital 

Ministry of 
health 

Darin Group 50 000 000$ 70 000m2  

Hotel Hotel Al-saqr 
contracting 

 8 000 000$ 450m2 8 floors hotel 
with basement 

School 
 

Secondary 
school 

Ministry of 
education 

private 
contractor 

2 200 000$ 8000m2 18 classes with 
labs computer 

rooms and 
administration. 

Motel ministry of 
municipalities 

. 

private 220 000$ 165m2 

 

Brief 
description: 
basement 

with 3 floors 

 

Hospital 
Park View 

Royal hospital N/A  10 000m2   

 
3. ANALYSIS AND DISCUSSION OF WORK 
3.1 SITE MATERIALS 
 

 

 

 

 

 

 

 
 

 

FIGURE 1. Site& Materials 
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3.2 WASTE PREVENTION  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 2. Waste Prevention  
 

3.3 ROOF 
 

 

 

 

  

 

 

 

 

 

 

 

 

FIGURE 3. Roofs 
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3.4 EXTERIOR WALLS 
 

       

 

     

 

  

 

 

 

 

 

FIGURE 4. External Walls 

 

3.5 INTERIOR PORTION WALL 
 

 

 

 

 

 

 

 

 

 

 

FIGURE 5. Internal Walls  
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3.6 FINISHING MATERIALS 

 

 

 

 

 

 

  

 

 

 

 

 

 

FIGURE 6. Finishing Materials 

 

TABLE 2. 

Summary of Questionnaire output 

Elements of 
sustainability 

Average(yes/no) Max-Yes Min-Yes Max-No Min-No 

Site & materials 16.9/11.1 28 5 24 1 
waste  10/10.8 21 5 16 0 
Roofs 5.8/7.3 14 1 13 0 
Ext.walls 3.8/3.25 7 0 6 0 
Int.wall partition 1.4/4.1 5 0 6 0 
Finish Materials 8.5/11.5 20 2 17 1 
 

From table (2) it can be seen that answers (Yes) sustainability measures are 
considered and (No) means sustainability measures are not considered are 
approximately equally divided, it reflects that sustainability measures in overall are 
considered approximately 50% . 

The next discussion puts more light on the study 
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TABLE 3. 

Sustainability Scores of the projects 

 Empire adala stadium Res.project 4towers Ashti 
city 1 

Ashty 
city 2 

Global 
city 

Site & 
materials 

50% 70% 83% 80% 48% 17% 17% 17% 

Waste 
prevention  

41% 48% 52% 48% 29% 24% 24% 24% 

Roofs 57% 28% 29% 43% 71% 7% 7% 7% 
Ext.walls 71% 86% 29% 29% 71% 14% 14% 14% 
Int.wall 
partitions  

0% 33% 0% 0% 0% 0% 0% 0% 

Finish 
materials 

32% 65% 30% 25% 40% 20% 20% 20% 

Average% 49% 55% 37% 37% 43% 17% 17% 17% 
Deviation 

σ 
24.5% 22.6% 28% 26.7% 27% 8.8% 8.8% 8.8% 

         
 

TABLE 4. 

Sustainability Scores of the projects (continued) 

 Emc H.G.H Hotel Motel Royal.H School Park 
view 

Bahrka 
inter. 

Site & 
materials 

79% 65% 69% 69% 83% 66% 97% 58% 

Waste 
prevention 

73% 50% 59% 38% 62% 57% 100% 36% 

Roofs 100% 36% 57% 36% 43% 50% 86% 100% 
Ext.walls 86% 100% 57% 86% 72% 71% 86% 0% 
Int.wall 
partitions  

66% 40% 66% 0% 50% 83% 50% 0% 

Finish 
materials 

95% 37% 43% 35% 52% 70% 75% 11% 

Average% 83% 55% 59% 44% 60% 66% 82% 34% 
Deviation 

σ 
13% 24.7% 9% 30% 15% 11.5% 18% 39% 

 

In General, as the % value increase, the sustainability measurements are better.  

The following charts shows the highest and lowest Average% for several 
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FIGURE 7. Max. Average of Scours 

 

4. CONCLUSIONS  
 

1. The highest sustainability score in “Site” was (97%) for project (park view). The 
lowest sustainability score for “Site” was (17%) for projects (Ashti city 1Ashti city 
2 and Global city).  

2. The highest sustainability score in “Waste” was (100%) for project (park view). The 
lowest sustainability score for “Waste” was (24%) for projects (Ashti city 1Ashti 
city 2 and Global city).  

3. The highest sustainability score in “Roofs” was (100%) for project (Emc and 
Bahrka intersection). The lowest sustainability score for “Roofs” was (7%) for 
projects (Ashti city 1, Ashti city 2 and Global city).  

4. The highest sustainability score in “Ext.walls” was (100%) for project (Hawler 
general hospital). The lowest sustainability score for “Ext.walls” was (0%) for 
projects (Bahrka intersection).  

5. The highest sustainability score in “Int.walls” was (83%) for project (School 
structure). The lowest sustainability score for “Int.walls” was (0%) for projects 
(Residential compound ,4towers,Ashti 1 , Ashti 2,Global city ,Motel and Bahrk 
intersection ).  

6. The highest sustainability score in “Finish Materials” was (95%) for project (Emc). 
The lowest sustainability score for “Finish Materials” was (11%) for projects 
(Bahrka intersection).  

7. The highest Overall “ave”. sustainability score was (83%) for the project (EMC).  
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8. The lowest overall “ave”. Sustainability score was (8.8%) for the projects (Ahsti 
city 1, Ashti city 2, Global city).  

9. The reason for the Project (EMC) to be the best score are attributed to the careful 
deal with (Roofs, Ext.walls and Finish materials)  

10. The reason for the Projects (Ahsti city 1, Ashti city 2, Global city) to be the lowest 
score are attributed to the poor deal with (Int.walls and Roofs)  
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ABSTRACT 

The main function of dam structures is to regulate the discharges and heads of water 
required to satisfy the demand of power generation and water quantity supplied to river 
or stream behind the structure, hence the sluice gate will play the big role to achieve this 
process and then its design needs much more attention. The sluice gate within the tunnel 
of the dam is exposed to many types of static and hydrodynamic forces .Among these 
forces is the hydraulic downpull force which created from difference between 
downward force produced by flow passing over the top surface of gate and uplift force 
exerted by the jet flow on bottom gate surface . The evaluation of positive and / or 
negative downpull force values is important due to its effects on closure of the gate. The 
estimation of such force needs determination of many related parameters such as 
pressure distribution along and cross the bottom gate surface, top pressure ,jet velocity 
issuing below the gate ,operation head and the head downstream the gate shaft. In 
present research, the hydraulic model is used to carry out the required measurements 
and different types of gate lip shapes have been examined with various flow conditions 
and gate openings to evaluate the downpull force coefficient. The analysis of results 
assured that the geometry of the lip gate has significant effects on the hydrodynamics 
forces and consequently on its operation which in the case of its negative value will 
prevent the gate to close and make some failures and damages.                                                

Keyword: flat gate, pressure, coefficient. 

 

1. INTRODUCTION 
 

Vertical lift or sluice gates are one type of gates which are used to control the water 
flowing through closed conduit or tunnels [1] .These gates move vertically through a 
suitable clearances of a shaft located within the tunnel and accordingly the water will be 
permitted to flow over and below the gate .As a result of such pattern of water flow, two 
kinds of forces will be produced , first one established downward by water passing over 
the gate top surface whereas the other acts vertically upward as the water issuing 
beneath the gate. The difference between these two forces termed by downpull force 
which affects the stability and safety of gate during its operation .The prediction of 
downpull force based upon the following parameters; upstream and downstream heads, 
top and bottom pressure distribution and jet velocity in venna- contracta just below the 
gate. However, the values of these parameters were taken from physical measurements 
carried out by many runs of hydraulic model with different gate geometries, gate 
openings and various values of discharges. The importance behind the estimation of 

mailto:Thamir.ahmed@ishik.edu.iq
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downpull force magnitude is due to its affects on the design of the gate –hoisting 
equipment, and also to avoid the negative values which may caused the prevention of 
gate closure.  
 
 
2. LITERATURE REVIEW  
 

The prediction of downpull force coefficients and all relevant parameters have 
received much more attention by the hydraulics researchers according to their 
importance in gates design. Cox et al [2] have developed a dimensionless relationship 
among many hydraulic variables for estimating the stability of the gate .Naudascher et 
al [3] have conducted experiments on a hydraulic air model to formulate the effects of 
many parameters on high head leaf gates . The formulation can be expressed as follows:   
 
 
                          𝐾𝑑 = 𝐾𝑡 − 𝐾𝑏                                                            (1) 
Where  
𝐾𝑑: Downpull coefficient, 
𝐾𝑡:  Top pressure coefficient, and  
𝐾𝑏: Bottom pressure coefficient. 
 
The values of 𝐾𝑡  and 𝐾𝑏 can be predicted by following expression: 
 
                                   𝐾𝑡 = 𝐻𝑡−𝐻𝑑

𝑉𝑗
2 2𝑔⁄                                                                (2) 

 
                                   
                                   𝐾𝑏 = 𝐻𝑖−𝐻𝑑

𝑉𝑗
2 2𝑔⁄                                                                (3) 

Where 
 
𝐻𝑡: Peizometric head on the top gate surface, m, 
 
𝐻𝑖: Average peizometric head on the bottom gate surface, m, 
 
𝐻𝑑:  Peizometric head downstream the gate shaft, m, and 
  
𝑉𝑗: Jet velocity issuing beneath the gate, m/sec. 
 
Sagar et al [4] have reported that the numerous geometrical features of the gate 
influencing the downpull force can be formulated as follows: 
 

                  𝐹𝑑 = 𝑓 (𝐻 , 𝑌
𝑌𝑜

, 𝑒
𝑑  , 𝜃 , 𝑏1

𝑏2
 , 𝑑′

𝑑  , 𝑑
𝑌𝑜

 , 𝑟
𝑑  )                                (4) 

 
Where: 
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𝐻: Operating head, m, 
𝑌
𝑌𝑜

∶ Opening ratio, 

(e/d, θ) : gate bottom geometry, 
𝑏1
𝑏2

:  : Gap width ratio, 

𝑑′

𝑑 :Thickness ratio of the skin plate to the top assembly, 
𝑑
𝑌𝑜

:Gate thickness ratio, and 
𝑟
𝑑:  Curvature radius on upstream bottom portion of the gate. 
 
The downpull force (𝐹𝑑) can also be expressed as follows [5]: 
 
            𝐹𝑑

0.5 𝜌 𝐴 𝑉𝑗
2 = 𝐹𝑡

0.5 𝜌 𝐴 𝑉𝑗
2 − 𝐹𝑏

0.5 𝜌 𝐴 𝑉𝑗
2                                  (5) 

 
Where 
𝐹𝑡𝐹𝑏: Top and bottom forces respectively, 
𝐴:  Appropriate gate cross sectional area.   

 
The downpull force coefficient can also be expressed in terms of upstream head as 
shown below [5]: 

 
                       𝐾𝑑 = 𝐹𝑑

𝜌.𝑔.𝐻.𝐴                                                                 (6)         
             

 
Where: 
𝜌 : Mass density of water, and 
𝐻: Operating head, m. 
       
3. EXPERIMENTAL WORK 

 
The experiments were achieved by run the hydraulic model with all required 

measurements for evaluating the pressure coefficients which represent the main 
components of downpull force. The measurements included the upstream and 
downstream pressure heads, pressure heads above the gate top surface, jet velocity 
through the gate opening and distribution of pressure heads along the bottom gate 
surface [6].  
Figure. (1) Shows the schematic layout of hydraulic model with all the necessary 
components required for measurements in the current research.  
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4. RESULTS AND DISCUSSION 
4.1VARIATION OF PRESSURE COEFFICIENTS 
 

Figures (2 to 5) show the variation of (𝐾𝑡, 𝐾𝑏 and 𝐾𝑑 ) for various gate shapes and 
openings and the values of these coefficients were obtained from the application of 
equations 1,2 and 3.  
It can be seen from Figure (2) that the top pressure coefficient (𝐾𝑡) has a little bit change 
with values of (Y/Yo), whereas (𝐾𝑏) has smooth variation with negative values up to 
(Y/Yo=0.7) and then turned clearly to be positive with rapid increasing, hence, the (𝐾𝑑) 
has been affected accordingly and its values were dropped from approximately high 
uniform values up to (Y/Yo=0.5) into effective low values for remaining gate opening 
ratios .Such distribution of (𝐾𝑑) reflects the behavior of stream lines on bottom gate 
surface where the flow is separated from the leading edge of gate bottom surface and 
produced negative values of (𝐾𝑏) and then caused increasing in (𝐾𝑑) values .For (Y/Yo > 
0.5) ,the reattachment of flow stream lines occurred and led to increase in the values of 
(Kb) and consequently caused decreasing in values of (𝐾𝑑). 
 
 
 
 
 
 
 
 
  

 
                          
                             
                                  FIGURE1. Schematic Layout of Hydraulic Model 
      
 
 

 
                          FIGURE 2. Pressure coefficients for gate lip shape no. (1) 
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4.2 EFFECTS OF LIP SHAPES ON PRESSURE COEFFICIENTS  
 
Figures (3) and (4) show the variations of (𝐾𝑡, 𝐾𝑏 and 𝐾𝑑) with (Y/Yo) for flat gate lip 
shapes provided by different ratios (e/d=0.34 and e/d=0.5) of upstream lip extension 
.Figure (3) shows that the values of (𝐾𝑡) were smoothly decreased with (Y/Yo) ,while the 
separation of flow from bottom gate surface led to produce negative values of (𝐾𝑏) for 
opening ratios up to (Y/Yo=0.6) ,which then suddenly changed to be positive and forced  
(𝐾𝑑) to vary consequently from low to high values.  

 
                                   FIGURE 3. Pressure coefficients for gate lip shape no. (2). 
 
 
4.3  EFFECTS OF LIP SHAPES EXTENSION ON PRESSURE COEFFICIENTS  
 

Figure (4) revealed that the additions of upstream lip gate extension with (e/d=0.5) 
caused the flow to separate from bottom gate surface and maintain (𝐾𝑏) values mostly 
uniform and low negative for all (Y/Yo) ratios except (Y/Yo=0.9). However, the (𝐾𝑡) 
values are uniformly decreased and control the values of (𝐾𝑑) to be within small range 
of variation with openings ratios. 
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                                 FIGURE 4. Pressure coefficients for gate lip shape no. (3). 
 

The variations of downpull pressure coefficient are demonstrated in figure (5) for all 
lip gate shapes considered in present study. The comparison of (𝐾𝑑) between the gate 
shapes  
indicates that in the case of flat lip gate shape (No.1) ,the values of (𝐾𝑑) are mostly 
higher than others up to (Y/Yo=0.5) and then decreased rapidly toward low positive 
values beyond (Y/Yo=0.6) .The values of (𝐾𝑑) for lip gate shapes with lip extensions 
(No.2 with e/d=0.34) and (No.3 with e/d=0.5) are ranged  in general between (1 and 1.4 
) and the shape (No.3) produced higher values of (𝐾𝑑) just up to (Y/Yo=0.5) . 
 

 
 

FIGURE 5. Down pull Pressure coefficients for considered gate lip shapes. 
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5. CONCLUSION 
 

All required measurements for the downpull force coefficients estimation are carried 
out by using hydraulic model experiments , the flat lip gate shapes with and without lip 
extensions are used .The variations of (𝐾𝑡, 𝐾𝑏 and Kd) were studied and the following 
conclusions are observed: 
1. The top pressure coefficients (𝐾𝑡) are seem in general to be invariant with gate 

opening ratios and have no significant effects on values of (𝐾𝑑). 
2. For flat lip gate shape and flat lip gate with lip extension of (e/d=0.34), the values 

and distribution of (𝐾𝑏) indicated that the separation of flow has been occurred with 
gate openings ratios up to (Y/Yo=0.6), whereas the reattachment of flow was 
established for remaining ratios of gate opening. Accordingly, the values of 
downpull force coefficients have been affected mainly by values of (𝐾𝑏). 

3. The values of (𝐾𝑏) had no strong changes and still negative for the lip gate shape 
with lip extension of (e/d=0.5) . This means no reattachment of flow has been 
occurred for all values of (Y/Yo). 

4. It is found from the analysis of the results that the downpull force coefficient (Kd)  
can well be expressed by polynomial function with good  correlation coefficients 
.An attempt  was made to show that the downpull force coefficient (Kd) can 
represented by polynomial equation. In these equations the values of (x) referred to 
gate opening ratios. These equations are viewed within the plot areas of figures. 

5. The downpull force coefficient (𝐾𝑑) is influenced by additions of the lip extension 
to upstream edge of the gate where its values are fluctuated and dominated in 
general between (1 and 1.2)  ,while for flat gate without extension ,the values of 
(𝐾𝑑) varied significantly from high to low values. 
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ABSTRACT 

 
Vertical lift tunnel type gates are subjected to hydrostatic and hydrodynamics forces 
created as a result of operation conditions over a wide range of partial openings, 
discharge and heads. Among these forces is the downward hydrodynamic force 
resulting from the effects of flow issuing over the top gate surface. The evaluation of 
this force needs the determination of top pressure coefficients which based mainly 
upon the measurements of the jet flow velocity across the vena-contracta , pressure 
head variation on the top gate surface and pressure head of flow just downstream the 
gate shaft.In the present research, a random hydraulic model was created to specify 
the effect of twelve gate lip shapes on the behavior of flow and consequently on the 
top pressure coefficients. The results reveal that no significant of gate geometry on 
the top pressure coefficient.  
 
Keywords: Top Pressure Coefficient, Downpull Force, Vertical Lift Gate. 
 

1. INTRODUCTION 

The design of vertical lift tunnel gates is influenced by several hydraulic factors. 
The main factor between them is the downpull force which results from the 
difference between the downward force applied by water passing over gate through 
the gate shaft and the upward force on the gate bottom plate formed by jet flow 
below the gate. The downpull force is influenced by different parameters which can 
be classified as fluid properties such specific weight of water and viscosity, 
operating head on the gate, flow conditions which involve whether free or 
submerged flow exists , ventilation downstream the gate, , geometry of gate 
installation including gate shaft dimensions, gate thickness and gate openings. 

Al-Kadi (1997); presented a one dimensional analyses to estimate the downpull 
forces acting on the lift gate by predicting the mean top and bottom pressure 
coefficients and the velocity distribution using two finite element models, one with 
constant eddy viscosity, and the other of variable eddy viscosity which is important 
in determining the negative downpull for large gate openings. The model was 
verified using analytical prediction and gave good agreement. 

The effects of many gate geometries with different gap width ratios on downpull 
force are examined by Ahmed (1999) ;the study based upon the results analyses of 
the measurements obtained from experimental runs conducted by using hydraulic 
laborators. model .The Study include the investigation of top pressure coefficient for 
various gate lip shapes and openings main and indicate its effects on downpull 
forces . 
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The hydraulic model of tunnel type-high head gate is used by Drobir et.al (2001);to 
investigate the effects of many tail water flow conditions on downpull. The model 
measurements were carried out for free and submerged flow behind the gate shaft 
and the results were compared with those obtained from the method of calculations 
suggested by the Naudascher (1991).   

A numerical analysis for studying the hydrodynamic forces on a vertical lift gate 
through the viscous flow is developed by Andrade and Amorim.(2003)  The 
numerical solution of incompressible Navier-Stokes equations was adopted based 
upon the principles of finite element .The effects of turbulent flow is simulated by 
using (k-ε) turbulence model and the results compared with data obtained from 
experimental work for different gate openings. 

The simulation model based upon a two-dimensional CFD was used by Almaini 
et al 2010; to estimate the top pressure, bottom pressure and downpull coefficients 
,then after, verified the model with results of experimental data measurements 
conducted by Ahmed (1999); for many shapes of gate lip. Naderi and Hadipour 
(2013); were studied the distribution of pressure and related hydrodynamic forces on 
the valve of channel outlet for many opening ratios by using Numerical Solution of 
“Fluent” software based on finite volume method.  The velocity of flow was also 
studied and the results compared with those obtained from physical model. The 
comparison showed a good agreement between the numerical model and previous 
studies and indicated that the increasing of openings caused decrease in pressures 
and the downpull force produced according to the difference between the top and 
bottom pressures.Brankovic and Drobier (2013); were found that the using of new 
smooth upstream face high head gate will reduce hydrodynamic forces in case of 
absence of negative downpull forces. The study  reveal that new smooth upstream 
high head leaf gate improved safety for the hydro-machinery equipment and  
minimizing costs, and reduced the hoist forces.  

In the current study, the water flow controlled by leaf gate in dams under high 
pressure had been modeled using hydraulic laboratory model   to estimate the top 
pressure coefficients which affect directly the downpull force on the gate lip. The 
model was checked many gate lip shapes. 
The top pressure coefficient (Kt) considered as a function of several factors related 
to gate geometry and flow conditions which can be express in the following form: 

𝐾𝑡 = 𝑓(𝐻𝑡,
𝑉𝑗

2

2𝑔
, 𝐻𝑑)                                                                  (1) 

Where 

𝐾𝑡: Top pressure coefficient, 
𝐻𝑡: Peizometric head on top gate surface, 
𝑉𝑗

2

2𝑔
: Jet velocity head, and 

𝐻𝑑: Downstream peizometric head. 
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However, in order to discover the disturbed forces applied on the top gate surface, 
many experiments were carried out, concerned all required measurements and 
observed the basic factors and conditions. The experiments were achieved by 
examine 12 different gate lip shapes to cover the main variables affected the 
magnitudes of top pressure coefficient. 

               

 
FIGURE 1. Scheme layout of hydraulic model with gate geometry 
 
 

The improvement of small scale laboratory modeling was achieved to provide a 
convenient facilities, so that, the measurements were well done and cover a wide 
range of cases. The major measurements include different water discharges through 
the channel which regulated by using the valve, average pressure head on the top 
gate surface ,upstream and downstream pressure heads and jet velocity beneath the 
gate. All measurements were created with different inclined lip gate shapes and gate 
openings. The schematic layout of hydraulic model is shown in figure (1) .The gate 
model was made by a thick plate with     a thickness of 6 mm and supported by steel 
frame slides in vertical way of the gate shaft, and two screws were provided on the 
top cover of gate shaft to adjust the inclination of the lip gate bottom and gate 
openings. 

 

2. RESULTS AND DISCUSSION 
 

The top pressure coefficient (Kt) can be expressed as following (Naudascher 
1964): 

𝐾𝑡 = 1
𝐵.𝑑

 ∫ ∫ (𝐻𝑡−𝐻𝑑
𝑉𝑗

2 2𝑔⁄
)𝐵

0
𝑑

0 . 𝑑𝐵. 𝑑𝑥                                                          (2) 

Where     

𝐵=Gate width, m  
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 𝑑= the gate thickness and 

𝑉𝑗= jet velocity below the gate 

Since the distribution of the piezometric head (Ht) on the top surface of the gate is 
approximately constant as observed through the experiments, equation (2) can be 
reduced to be: 

𝐾𝑡 = [𝐻𝑡−𝐻𝑑
𝑉𝑗

2 2𝑔⁄ ]                                                           (3) 

As shown in the equation (3), the calculation of (Kt) is based upon the 
measurements of the piezometric head on the top surface of the gate (Ht), 
piezometric head downstream of the gate (Hd), and the mean jet velocity below the 
gate (Vj). The measurement of (Ht) is made by a piezometer installed on the top 
surface of the gate, many readings were taken and the average value was adopted.  
Figures (2) , (3) and (4) shows the relation between the gate opening ratio (Y/Yo) 
and (Kt) for different gate lip shapes. It can be seen from the figures that the values 
of (Kt) are decreasing when the gate openings are increasing ,however ,the general 
variations of (Kt)  are moving with similar trend .It can be seen from figure (2) that 
thevalues of (Kt) are dropped fastly up to (Y/Yo=0.5) and thereafter being varied 
with small interval difference .The (Kt) values for gate lip shapes with inclination 
angles (θ=30˚ and θ=15˚) are higher than those produced with other shapes 
considered, where (Kt)  values for lip gate shape with ( θ=20˚) are less and for ( 
θ=25˚) are more less. 
Figure (3) indicates that the (Kt) values are decreased clearly up to (Y/Yo=0.5) and 
then become more closed and uniform .However , no big differences in values of 
(Kt) are observed beyoned midpoint of gate opening ratios. 
As it can be noticed from Figure (4) that for big angles, the change in values of (Kt) 
were occurred rapidly up to (Y/Yo=0.6) and then becomes less and very closed near 
high opening ratios.  
 
 
3. CONCLUSIONS 

 
The evaluation of top pressure coefficient is based upon exprimental works were 

carried out by using laboratory hydraulic model .The major achieved measurements  
were Upstream and downstream heads,top pressure head and velocity issuing 
beneath the gate.Many incline lip gate shapes with different angles were used for 
each gate openings ratio and the results of analyses are compared .according to the 
results ,the following conclusions are observed: 
The values of top pressure coefficients are inversly propotional with gate opening 
ratios. 

All the inclined lip shapes are mostly produced the similar trend of (Kt) variations 
with different values of gate opening ratios and the turning point of changes 
indicated between (Y/Yo=0.5 and Y/Yo=0.6).  
The big values of (Kt) were obtained for lip gate shape with ( θ >50˚) and 
consequently ,the values of downpull force may also be increase . 
As checked by the principles of regression ,the (Kt) profiles can be represented by 
polynomial function with high values of correlation coefficeint. 
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FIGURE 2 . Variation of top prressure coefficient with gate Openings for different gate                             
lip shapes  

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.2 0.4 0.6 0.8 1

K
t

(Y/Yo)

θ=15° Kt

θ=20° Kt

θ=25° Kt

θ=30° Kt



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016 

 

90 
 

 

FIGURE 3 . Variation of top prressure coefficient,with gate Openings for different gate lip 
shapes 

 

 
FIGURE 4 . Variation of top prressure coefficient with gate Openings for different gate                             
lip shapes  
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ABSTRACT 

The study aims to investigate the negative effect that the dust storms leave on the 
human health in general and on the traffic safety as well. Five represented  samples 
of the dust have been collected from the storms which occurred during (2009 and 
2010) in Tikrit city/ north of Iraq to find it's particle size distribution, existence of 
heavy metals, and radioactive minerals, in addition, a survey that consists from 70 
samples has been collected to examine  the  driving difficulty  during such condition. 
 Grain size analysis show that the silt size forming the majority (62.6% ), fine sand 
(23.52%) and clay (13.88%) , also  CaCO3 and organic content have been 
determined  with average (25.9%) and (2.11%)  respectively. The heavy metals 
including Cd, Ni, Pb,  Cr, Co, and Zn showing that Zn , Ni, Co and Cr are more than 
the standards in the crust of the earth which considered  pollutant  elements while Cd 
and Pb are less than the standards. It was found that 92% of the drivers face 
difficulty during driving in dusty weather, 47% of the drivers has health problems 
concerns the dusty weather and 20% of them tend to change their destination or drive 
faster when they face dust storm while driving. 

Keywords: Dust storms, Heavy Metals, Traffic Safety, Air Pollution.   

 
1. INTRODUCTION 

 
Tikrit city is located in the north of Iraq and west of Tigris River and bordered by 

wadi Tharthar on the west (Figure 1). During major dust storms, the deposition of 
dust over populated areas can be wide reaching, often affecting multiple cities and 
towns. Dust storms can take down trees, bury equipment and cause damage to 
houses and people started suffering from "dust phenomena" and long-term health 
concerns have cropped up recently. This is primarily due to the increased number of 
storms originating from areas of desertification. The dust in these storms has been 
shown to contain pollutants and toxins, such as salt, sulfur, heavy metals, pesticides 
and carbon monoxide (Batjargal,Z. 2004) . The pollution-laden dust can be carried 
over hundreds of miles, affecting millions of people who might not necessarily 
suffer from the acute events of the storm. 

The dust storms in Iraq increased during the last twenty years gradually as a result 
of the climate change and the decrease of annual precipitation and the increase of 
temperature. The area of study characterized by  poor vegetation cover and increase 
in  the area of   deserts as a result of drought long summer season and unreasonable 
exploitation of agricultural lands. 

Dust storms can lead to serious traffic problems especially when it has high 
intensity; there are three elements for the traffic which are Vehicle, human element 

mailto:amera_hussain@yahoo.co.uk
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(passenger and pedestrian) and road). 86% from the traffic accidents happens due to 
the human element, while 9%, 4% and 1% are due to the vehicle, environmental 
factors and road respectively (TEC 2003). 

 
2. AIM OF THE STUDY 

 
1. Study the physical properties of the dust which included the specific gravity 
and the grain size distribution.  
2. Determination of the main heavy metals including Cd, Ni, Pb,  Cr, Co, and Zn 
and comparing their concentration with the standards of the elements in the crust 
of the earth.  
3. Determination of the level of radiation in the dust samples. 
4. Study the effect of dust storms on the  safety three aforementioned traffic 
safety elements.  

 
FIGURE 1. Location map of the study area 

 
3. METHODOLOGY AND RESULTS 
3.1. SPECIFIC GRAVITY 

 
Two samples have been collected during the main dust storms which occurred in 

May/2009 and July/2010, the specific gravity (Gs) of the samples were determined 
according to [ASTM C-127-88] which are 2.67 and 2.69 respectively.   

 
3.2. HYDROMETER ANALYSIS 
 

For determining the particle size of the dust particles, two samples were collected 
from different places in the city of Tikrit by placing containers for collecting the dust 
and in the end of the storm the retained dust were analyzed by hydrometer according 
to [ASTM C127-88], and found that the particle size distribution containing 23.52 % 
of fine sand, 62.6% silt and13.88 % clay, and also the percentage of organic material 
is 2.11%. , the fine particles more effect on the health because the heavy metals is 
associated with it [ Kabata, 2011].   
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3.3. RADIOACTIVITY TEST 
 

This test was carried on for the two samples of dust by Giger counter device in 
the laboratory of the Physics Department – College of Science in Tikrit University. 
The test method is concluded by measuring the background radiation of the 
laboratory without the same for a certain period (1 minute) for two readings which is 
subtracted from the dust sample radiation, the samples were tested in three states for 
measuring Alpha, Beta and Gamma ray. The three states were (a) with cover, (b) 
without cover, and (c) cover and barrier. Table 1 shows the results of background 
radiation; Table 2 shows the results of the samples.  
 

TABLE 1.  
The result of background radiation 

 
Radiant 1  (R1) Radiant 2  (R2) Σ R1 + R2 

12 18 30 
 

TABLE 2.  
The result of samples radiation 

 
 Sample (1) Sample (2) 
 Radiant 1 Radiant 2 Σ Radiant 

1 
Radiant 

2 
Σ 

With cover 18 16 34 23 22 45 
Without cover 25 15 40 20 21 41 
Cover+barrier 13 16 29 16 14 30 

 
 

The concentration of each radiated element in the dust samples was evaluated and 
the results are shown in Table 3. 

 
TABLE 3.  

The concentration of radiated elements in the dust samples 
 

Radioactive 
elements 

Sample (1) (Bg) Sample (2) (Bg) 

Co60 3.0 5.0 

Cs132 2.0 2.0 

CI36 3.0 4.0 

Am241 3.5 4.0 

Sr90 0.5 0.0 

U238 0.0 1.5 

C14 11.5 10.0 

 



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016 

 

94 
 

 
3.4. HEAVY METALS  
 

Heavy metal contamination of environment is a worldwide phenomenon that has 
attracted a great deal of attention. Heavy metal contamination of soil resulting from 
wastewater irrigation is a cause of serious concern due to the potential health 
impacts of consuming contaminated products. Studies of heavy metals in different 
areas in the world concludes that the origin of the heavy metals is the source rocks 
which are rich in these metals or from contaminated soil and sediments by industrial 
water or polluted water.[Abirami et.al,2015]and[Vega,2007]. The presence of heavy 
metals in soil increases as a result of adsorption or absorption by fine sediment 
particles as clay particles, and the increasing of these metals existence indicates the 
multi sources [Senwo and Tazisong, 2004]. The test results for the samples are 
shown in Table 4. 

 
TABLE 4.  

Concentration of the different heavy metals in the studied samples 
 

Sample 
No. 

Cd ppm Co ppm Cr ppm Pb ppm Ni ppm Zn ppm 

Sample 
(1) 

Less than 
5 

Less than 
25 

102 Less than 
25 

116 67 

Sample 
(2) 

Less than 
5 

Less than 
25 

106 Less than 
25 

123 59 

 
Following are the details of the investigated elements: 

1. Cobalt Co:  
The average of Co about (25 ppm) in the studied samples, while in the upper part of 
the earth crust is (10-12 ppm) [ Alumaa et al.2002] the high concentration of Co may 
be due to the nature of the source rocks such as basic and ultra-basic rocks and also 
due to the absorption of the element on the surface of fine sediment particles. 
2. Nickel Ni: 
The concentrations of this element in the earth crust are due to the source rocks and 
increase in the fine sediment such as mudrocks [Park 2003] and [Kabla 2011]. The 
concentration of Ni in the studied samples are between (116-123 ppm) with an 
average of 119.5 ppm. The high concentration may be due to the source sediment 
rich in organic material or due to source rocks and considered one of the most 
pollutant material. 
3. Lead Pb: 
The average of Pb in the studied samples is (25 ppm) and considered less than the 
standard in the earth crust which is 70 PPm [Alumaa et.al 2002]. 
4. Zinc Zn: 
The average of Zn in the earth crust is about 70ppm while in the mudrocks that is 
rich in organic material is about 120ppm [Prusty 2008]. In the studied samples the 
concentration is between (59-67 ppm) with average of 63ppm, the high 
concentration may due to the organic materials in the source sediment. 
5. Cadmium Cd: 
One of the most poisoned metals for the human being and maybe increased in the 
sediment and soil which is derived from many sources such as manufactured 
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materials. The average concentrations of Cd in the studied samples are about 5 ppm 
and that is below the standard of the element in the earth crust. 
6. Chrome Cr: 
The average of Cr in the studied samples was 104 ppm and the concentration is 
higher than the standard in the earth crust that might due to the source rocks or 
source sediment. 
 
3.6. SURVEY 
 

A survey included 70 random samples of drivers has been performed to study 
the effect of dust storms on driving performance and the driver health. The 
questionnaire covered the following questions: 

1. Did you ever experience difficulty in driving in dusty weather? 
2. What was the minimum distance of vision you experienced due to dust 
storms? 
3. How many times you had to stop the vehicle due to sudden dust storms? 
4. Did you ever experience any driving incident during dust storm? 
5. Do you have health problems related to dust? 
6. Did you have to change your destination or accelerate the speed due to dust 
storms? 
7. Does the dust storm ever harm your vehicle performance? Or the air filters  
that lead to the engine or the water sprinkles on the windows? 
8. What do you usually do if you faced severe dust storm while driving? 
The survey also included other questions related to number of years of driving 
experience, gender, places of driving…etc. 
The results showed that 92.8% of the drivers had experienced some difficulty 
while driving, 58% experienced a minimum range of vision less than 5 meters 
while driving in heavy dust storm while 8.5% experienced minimum range of 
vision more than 30 meters. Only 14% of the drivers tend occasionally to stop 
their vehicle during the storm. 70% of the drivers agreed that the dust storms 
had harmed their vehicle in several ways and 47.1% said that they have health 
problems and breathing difficulties due to the dust storms. 

 
4. CONCLUSIONS 
 
1.  The results of the heavy metals show that the concentration of Zn, Ni, Co and Cr 
are more than the standards in the crust of earth therefore are considered as pollutant 
elements. 
2. It was found that the particle size distribution containing 23.52 % of fine sand, 
62.6% silt and13.88 % clay,   and also the percentage of organic material is 2.11%. 
 
3. Cd and Pd concentrations are less than the standards in the earth crust therefore 
they have no effect on the environmental conditions.   
4. According to the results of the radioactive background it was found that C14 in the 
studied samples has high level of radiation. 
5. It was found that more than 92.8% from the drivers face difficulty in driving 
during dust storms.  Only 14% of the drivers tend to stop the vehicle in case a dust 
storm occurred. 
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ABSTRACT 

Construction management is one of the fields of Civil Engineering. It includes planning, 
analyzing, coordinating and controlling of  sequential activities in construction site. The 
primary goals of construction management are to minimize the loss of time and 
construction costs by appropriate materials, adequate labor and resource selection. 
These objectives can be achieved by current and updated continuous information flow 
between participants and departments of construction organization. When information 
sharing doesn’t happen effectively and timely it results delays and additional costs at the 
construction projects. Information technology has become prominent position in the 
development of technology. It supplies some opportunities to construction industry. One 
of the important parts of   information technology is geographic information systems. It 
provides effective solutions to the locational based problems so they are used in many 
areas. The possibilities of using GIS in construction management and new models have 
been developed in various countries in the world in recent years. In this study, using 
GIS in construction management is investigated and a new method in construction 
management is tried to develop by use of GIS. Another aim is to supervise all data 
related with construction on a single platform. A new office block in Erbil is determined 
as a case study. Project drawings of the building are brought to three-dimensional form 
in GIS and it is visualized according to the data in the schedule of construction. 
Database support and visualization feature of GIS is put forward in this paper.  

Keyword: Construction Management, Information Technology, Geographic 
Information Systems. 

 
1. INTRODUCTION 

Civil engineering is one of the leading branches of engineering. It includes many 
fields which have extensive research and applications areas. One of these fields is 
construction management. Construction management involves design and application of 
activities through planning, coordinating and control. Continuous flow of accurate and 
updated information between departments and individuals is an important task during 
these activities. Solutions of traditional methods to information-based problems of 
construction project are inadequate. Therefore, it is considered that, the developed 
information technology is essential to use in phases of a construction project. [1] 
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When it was realized that information management has the key function in 
construction management, it has resulted the widespread use of information technology 
in this field. GIS supplies less regulation and drawing function according to CAD 
technology nevertheless it provides database and spatial analysis functions for 
constructions. GIS have been used in geotechnical engineering, hydrology and 
transportation areas for many years but use of GIS in construction management has 
become remarkable research area in recent years.[2] 

The study fields of construction management are database management, construction 
site design, material and cost management, route determination, real-time project 
tracking, 3D and 4D projections. They may be designed by using GIS applications. [3] 

The essential information for design and planning are saved in different format, such 
as bar charts, specifications and drawing in construction industry. The information in 
planning has to be organized repeatedly which is taken from different resources. This 
process is dull and inclined to error. Thus, a system is needed in construction industry 
which is capable of combining different data kinds and supplies the essential data and 
information on time which will promote different construction operations in the end. 
GIS is a new instrument in information technology. It increases design efficiency and 
planning by combining thematic and spatial information in an all-in-one platform. [4] 

An extensive range of information can be supplied to the construction industry by the 
construction database. Using GIS may provide the need of descriptive and spatial 
information which is needed in different construction process. Sun and Hasell 
developed the prototype system in 2002. It recommends that real time spatial data 
supplies precise and rapid visual data regarding to the improvement on the construction 
site. Effective management control systems can be supplied by the combination of 
spatial database and project management functions. [5] In order to produce a 3-D 
subsurface environment of boreholes, Camp and Brown proposed using capacity of 
GIS’s database management in 1993. The construction method, scheduling of project 
and choice of equipment are affected by the surface and subsurface conditions. For this 
reason project team should properly specify site conditions. [6] Oloufa et al benefited a 
database to save the illustrative data of soil in GIS. They used it to show the boreholes 
locations on the map in 1994. [7] 

Quantity takeoffs and cost estimation based on GIS was proposed by Cheng and 
Yang in 2001. In that method, they used several layers called data layers for their 
divided architectural drawing. They used area, quantity takeoffs and perimeter as the 
parameters. In this way, they transformed data layers to CAD as polygons and adopted 
as geometric coverage to Map/Info. Spatial information involves some features like 
area, spatial relationship, perimeter and coordinate. [8] However, thematic information 
involves floor number, identification code, beam number etc. The user enters this 
information. Locational and thematic information are combined by using relationships. 
They are accomplished by Open Database Connectivity (ODBC). Spatial processes are 
applied. So that essential dimensions of the graphical properties are specified. 
Parameters like area of windows and door, floor height, beam depth and slab are entered 
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to complete the quantity calculation. They used Structured Query Language to meet the 
information of quantity takeoffs. They were taken the related feature tables. For 
dynamic materials requirement plan, the material plan combines material estimates with 
construction schedule. They designed the system to transfer data directly to the site to 
arrange materials. The suggested methodology specifies the appropriate site to keep the 
materials by the information concerning locations and quantities of the materials desired 
in the project. [9] 

Cheng and O’Connor stated that the manager of the project must be continually 
informed from different resources and sketch it on the paper in temporary facilities 
scheme. Short-term facilities should be established as near as to their supportive 
operations in order to decrease travel time. An automated site layout system was built 
up by Cheng and O’Connor which is called ArcSite based on GIS for short-term 
facilities of construction. It includes GIS which is integrated with database management 
system to assign available areas for location of short-term facilities. ArcSite gets data 
needed to find appropriate place. Then it makes complicated spatial operations and 
database enquiries to show ideal site. [10] 

All of these studies have showed that construction industry needs a tool which is 
responsive to spatial problems and makes the knowledge management easy. Traditional 
methods cannot meet the spatial needs of construction projects; therefore delays and 
additional costs occur. In this respect, investigating of the use of GIS which is an 
effective management tool for the spatial solutions is very important for construction 
industry. [11] 

In this study, using GIS in the construction management is researched and a new 
approach is tried to bring. GIS aided construction management applications briefly 
mentioned and animation based management structure is proposed. 3D animation based 
project tracking is specified and the new building was chosen as the case study.  The 
architectural and technical design drawings are transformed into 3D layers in a GIS 
environment which represents project tasks. Tasks on the schedule are presented as 
animations according to the completion date. All qualitative and spatial data related with 
labor, materials, equipment, etc. are collected and combined in a single environment. 

2. METHOD  

To produce three dimensional perspectives in GIS, architectural drawings are not 
enough; therefore they are separated into some layers. The aim is to establish exactly 
how layers indicate the complete three dimensional perspectives in GIS. So CAD based 
drawings are transferred to GIS environment in this study. Spatial coordinate system is 
assigned for the layers which are in the cartesian coordinate plane in CAD software. 
Thus drawing layers become spatial data. Then, 3D view is obtained by adding base 
height and extension data to the layers. 

In the proposed animation based system, real-time data is required for monitoring the 
project. Therefore CPM- based (Critical Path Method) schedule is prepared. Labor, 
material and equipment data of the building I n the case study is collected and entered 
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spatial database. The spatial database of GIS makes possible of all data in a single 
environment to store. Eventually, 3D layers and qualifications are merged in the GIS 
software interface and presented as animation based. 

3. DATA USED 

The new office block in Erbil is defined as a case study for GIS-based construction 
management system. Architectural project drawings in AutoCAD environment were 
utilized on the visualization as a 3D structure stage. Foundation work, concrete work 
and masonry work are dealt with to prepare the project schedule. Start and finish dates 
of tasks are determined. Data related with labor, materials, equipment, etc. is used in the 
system. 

4. SYSTEM STAGES 

In the proposed GIS-based system, 3D visualization feature of GIS is used to manage 
the spatial and qualitative data of construction in a single environment. System frame is 
given below in figure 1. The system includes 3D visualization, preparation of project 
schedule, and design of database by saving qualification data on tables. In the end, 
animation based application is provided. Information about these stages will be 
presented in the following part.  

 

FIGURE 1. System Frame  

GIS software is an effective tool for visual representation of 2D and 3D data in 
layers form and spatial based analysis. In this study, ArcGIS is used as GIS software. 
Architectural drawings which are prepared in Sketch-up Professional are transferred to 
ArcGIS environment by converting them to data layers which are represented project 
tasks. Because of the data layers don’t have any geographic coordinate system; a 
geographic coordinate system is assigned to those layers. Later the layers are presented 
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in the ArcGIS as 3D. In figure 2, columns and beams of the ground floor are shown as 
2D and 3D. 

                                                                                                             
(a)                                                                       (b) 

FIGURE 2. (a) 2D view of ground floor, (b) 3D view of ground floor 

5.  DATABASE DESIGN 
 

a. Preparation of project construction schedule 

There are many sequential and simultaneous phases in construction projects. A 
CPM-based scheduling is prepared to show start time, finish time and duration of each 
task of rough construction. For construction scheduling, some project management 
software is available. In this study construction scheduling is prepared in GIS. GIS 
software is available for storing data in tables. Those tables have data fields such as the 
start and end nodes of each task, start and completion dates and duration of each task. 
Foundation and concrete work is sequential at building constructions. However, 
concrete and masonry work is performed simultaneously for some tasks at upper floors. 

b. Inserting attribute data into the tables  

Many data is available at construction projects which has sequential and 
simultaneous applications. Storage, analysis and management of large amounts of data 
become a problem at construction projects. For this reason in the study, a database is 
designed which has construction qualifications and relation between data groups. Each 
set of data is stored separately in tables. In this way, data enquiry and management can 
be done easily by storing them in a single environment.  

6. ANIMATION BASED APPLICATIONS 

Animation based applications are made by using ArcGIS. In this study, a layer 
animation depends on the time data is carried out for the model construction. 
Construction layers are saved separately in files as animation frame. Start and finish 
time of each layer is determined which is associated with the construction schedule. In 
this way, they can be followed by the time scale. 3D animations are obtained by the 
combination of visual layers of work tasks. In figure 3, 3D layers of foundation, 
basement, concrete and masonry work of the building is shown as animation-based. 
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       (c)                                                         (d) 

 

(e) 

FIGURE 3. 3D animation frames: (a) the Raft foundation, (b) the basement columns, (c) 
the ground floor overview, ( d) Internal details, (e) a bird-eye view. 

7. CONCLUSION AND RECOMMENDATIONS 

In this study, a GIS-based construction management is issued. An innovative 
perspective is brought to the traditional construction management methods. Some 
studies in this area are referred briefly and GIS-based management model is proposed. 
GIS is a major part of information technology. Beside this, it has spatial feature. It 
makes it as an effective tool for construction industry. Animation-based project tracking 
method is used and applied to the new building. ArcGIS is used as GIS software. The 
study includes 3D visualization, preparing of project schedule, database design and 
animation based applications. 3D visualization phase is done in the ArcGIS, animation 
of model structure is carried out. It has been resulted that GIS is an effective 
management tool for construction projects in terms of database support and 

(a) (b) 
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visualization. The established system provides project managers to determine the stages 
of construction in 3D and possible delays. Integrated schedule and design information 
makes easier to control the construction progression. For example, dynamic material 
requirements can be developed by using this integration. Also, one of the most 
fundamental problems in construction management process is data management. It can 
be achieved in a single environment by the support of developed database of GIS. 
Nevertheless, the CAD technologies supply visualization qualifications, varied 
operations on the characteristic data matched with the three dimensional model can be 
achieved by GIS, that isn’t available in CAD, yet.  
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ABSTRACT 

This work presents a theoretical study on the effect of using concrete with different 
strengths for columns on the structural behavior of integrated RC building frames. 
Eight-story reinforced concrete frame was analyzed employing a StaadPro program for 
the structural analysis of building. The obtained results indicated that under static 
loading, variation in the concrete strength of the columns has a negligible effect on the 
behavior of the studied frame. However, The values of reinforcement ratio has been 
changed significantly when the column concrete strength is changed from 28 MPa to 56 
MPa, and to 84 MPa. 

Keywords: Concrete Columns, Concrete Strength, Reinforcement Ratio. 
 

1. INTRODUCTION 

The use of high-strength concrete for high-rise buildings has become popular due to 
development in concrete technology and availability of various types of mineral and 
chemical admixtures. High-strength concrete (HSC) could lead to smaller member sizes 
for compression members and therefore provide considerable savings associated with 
material costs and reduction of dead loads (1).  

From the economic standpoint, combination of high and normal strength concrete 
(NSC) in building construction is becoming common practice, where HSC is used for 
columns and NSC is used for the surrounding beams/slabs floor system (2). This creates 
a situation where concrete strength of the column portion at the beam/slab floor level is 
lower than concrete strength used for rest of the column. 

ACI Committee 363 (3) defined HSC as a concrete of minimum strength of 6 ksi (41 
MPa). More recently, compressive strengths approaching 20 ksi (138 MPa) have been 
used in cast-in-place buildings. The material properties of high-strength concrete differ 
from those of normal strength concrete in many ways. In addition to higher concrete 
strength, Higher elastic modulus, i.e., greater stiffness; Higher tensile strength,  Increase 
in the strain at maximum stress  and Steeper descending part of stress-strain curves are 
other significant features of high-strength concrete. 
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2. SCOPE AND AIM OF WORK 

In this work, theoretical investigation of the Moment, Shear, Axial Forces are conducted 
by using computer program (Staad Pro 2007 V8i) for the columns of an eight-story 
reinforced concrete frame located in Erbil, when the concrete compressive strength of 
the columns of the first two floors is changed from 28 MPa to 56 MPa and 84 MPa. 

The main purpose of the project is to determine the advantages and disadvantages of the 
change in concrete compressive strength of the columns of the first two floors, and this 
will be done by examining the change in moments, shear, axial and design of the 
columns, which will give the researcher a certain knowledge in order to determine 
which stage will be the optimum choice for building in order to get the best column 
design by considering the optimum columns sizes and steel percentages. 

 

3. CASE STUDY MULTISTORY BUILDINGS 

An eight floor multistory residential building that has four housings in each floor 
located in Mamostayan City is investigated.  Fig 1 shows typical floor plan with 
columns layout. 

 

FIGURE 1. Typical floor plan with columns layout of the investigated building 
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4. LOAD COMBINATIONS 

The ACI Code (4) requires that structures be designed for a number of load 
combinations. Thus, for example, factored load combinations might include 

1. Dead plus live load; 
2. Dead plus fluid plus temperature plus live plus soil plus snow load; 
3. Three possible combinations that include dead, live, and wind load 
4. Two combinations that include dead load, live load, and earthquake load, with 

some of the combinations including snow, rain, soil, and roof live load.  

While each of the combinations may be considered as an individual loading condition, 
experience has shown that the most efficient technique involves separate analyses for 
each of the basic loads without load factors, that is, a full analysis for unfactored dead 
load only, separate analysis for the various live load distributions, and separate analysis 
for each of the other loads (wind, snow, etc.). Once the separate analyses are completed, 
it is a simple matter to combine the results using the appropriate load factor for each 
type of load (5). 

5. RESULTS AND DISCUSSION 

Moments, shear and axial forces for all the structural members of the case study 
building had been conducted.  The percentage of change in moments, shear and axial 
forces for the structural members is recorded when the compressive strength of the first 
and second floors has changed from 28 MPa to 56 MPa, and to 84 MPa. 
The same work has been done when the case study building has been subjected to wind 
loading of speed 108 km/h which is the case for Kurdistan wind zone (6). 
 
Based on the results presented in this chapter, the following findings can be listed: 

1. Small changes in the values of the moments were found. Maximum column 
moment change was 7.69% when strength is changed from 28MPa to 84 MPa. 
In beams the corresponding maximum change was 7.34%. 

a. When wind loading is introduced the percentage change in moments was 
maximum 8.8% percent when strength is changed from 28MPa to 84 
MPa. In beams the corresponding maximum change was 10.4%. 

2. Small changes in the values of the shear force were found. Maximum column 
shear force change was 6.35% when strength is changed from 28MPa to 84 
MPa. In beams the corresponding maximum change was 3.72%. 

a. When wind loading is introduced the percentage change in shear force 
was maximum 8.12% percent when strength is changed from 28MPa to 
84 MPa. In beams the corresponding maximum change was 3.20%. 

3. Small changes in the values of the axial force were found. Maximum column 
axial force change was 2.32% when strength is changed from 28 MPa to 84 
MPa. In beams the corresponding maximum change was 11.76%.When wind 
loading is introduced the percentage change in axial force was maximum 5.99% 
percent when strength is changed from 28 MPa to 84 MPa. In beams the 
corresponding maximum change was 13.77%. 
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In addition, tables are presented also for the percentage of change in column steel 

ratios (Rho) when the columns compressive strength of the first and second floors is 
changed from 28 MPa to 56 MPa, and to 84 MPa. 
The same work has been done when the case study building has been subjected to wind 
loading of speed 108 km/h which is the case for Kurdistan wind zone. 
 

These are shown in design tables (without wind Tables 1 and 2, and with wind Tables 
3 and 4). Figures 1 and 2 show the reduction of column reinforcement ratios as the 
compressive strength is increased from 28 MPa to 56 MPa and to 84 MPa for both 
analysis cases, i.e., without wind loading, and with wind loading. 
Design of reinforcement was performed and the following points were recorded: 

1. The values of reinforcement ratio for the case without wind loading has been 
changed significantly when the strength is changed from 28 MPa to 56 MPa, and 
to 84MPa. For the first floor column the Rho value has reduced from 4.28% to 
1.25% (71%) to 1.0% (77%) for an interior first floor column No.106, 
corresponding to the said strength values. However for the eight floor column 
No.69, the corresponding values in Rho are 1.07%, 1.00% (7%), and 1.00% 
(7%).  

2. The values of reinforcement ratio for the case with wind loading has been 
changed significantly when the strength is changed from 28 MPa to 56 MPa, and 
to 84MPa. For the first floor column the Rho value has reduced from 4.46% to 
1.34% (70%) to 1.0 % (78%) (Minimum specified by the ACI code) for the 
same first floor column, corresponding to the said strength values. However for 
the eighth floor the corresponding values in Rho are 4.9%, 4.76% (3%), and 
2.51% (49%).  

 
TABLE 1. Values of Rho (without wind load) 

 
Rho 

Without  
Wind 
load 

Fc=28 MPa Fc=56 MPa Fc=84 MPa 
Fy=420 MPa Fy=420 MPa Fy=420 MPa 

As 
Mm2 

ρ 
% 

As 
Mm2 

ρ 
% 

As 
Mm2 

ρ 
% 

Fi
rs

t 
Fl

oo
r 

Beam 
No.509 597 0.46 400 0.31 400 0.31 

Column 
No.106 1432 4.28 4423 1.25 2500 1.00 

Fo
ur

th
 

Fl
oo

r 

Beam 
No.273 1000 0.77 1000 0.77 900 0.69 

Column 
No.126 1398 1.10 6212 1.02 1448 1.00 

Ei
gh

th
  

Fl
oo

r 

Beam 
No.534 1100 0.88 950 0.80 910 0.70 

Column 
No.69 1690 1.07 1512 1.00 1350 1.00 
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TABLE 2. Percentage change in Rho (without wind load) 
 

% Change in Rho 
Without Wind 

load 

% Change 
28 to 56 

% Change 
28 to 84 

ρ ρ 

Fi
rs

t 
Fl

oo
r 

Beam 
No.509 -33 -33 

Column  
No.106 -71 -77 

Fo
ur

th
 

Fl
oo

r 

Beam 
No.521 0 -10 

Column 
No.273 -7 -20 

Ei
gh

th
  

Fl
oo

r 

Beam 
No.534 -9 -19 

Column 
No.69 -7 -7 

 
TABLE 3. Values of Rho (with wind load) 

 

Rho 
With 
Wind 
load 

Fc=28 MPa Fc=56 MPa Fc=84 MPa 

Fy=420 MPa Fy=420 MPa Fy=420 MPa 
As 

Mm2 
ρ 
% 

As 
Mm2 

ρ 
% 

As 
Mm2 

ρ 
% 

Fi
rs

t 
Fl

oo
r 

Beam 
No.509 796 0.61 600 0.46 600 0.46 

Column 
No.106 1587 4.46 4608 1.34 2500 1 

Fo
ur

th
 

Fl
oo

r 

Beam 
No.273 1500 1.15 1500 1.15 1200 0.92 

Column 
No.126 7724 4.90 6428 3.17 1600 1 

Ei
gh

th
  

Fl
oo

r 

Beam 
No.534 1200 0.92 1000 0.81 900 0.69 

Column 
No.69 6864 4.90 8120 4.76 3952 2.51 
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                               TABLE 4. Percentage change in Rho (with wind load) 
 
 

% Change in Rho 
With Wind 

load 

% 
Change 
28 to 56 

% Change 
28 to 84 

ρ ρ 

Fi
rs

t 
Fl

oo
r 

Beam 
No.509 -25 -25 

Column  
No.106 -70 -78 

Fo
ur

th
 

Fl
oo

r 
Beam 

No.521 0 -20 

Column 
No.273 -35 -80 

Ei
gh

th
  

Fl
oo

r 

Beam 
No.534 -12 -25 

Column 
No.69 -3 -49 

 
 
 

 
 

FIGURE 2. Column reinforcement ratio with compressive strength/ 
without wind load 
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FIGURE 3. Column reinforcement ratio with compressive strength / wind 
load 

 
6. CONCLUSIONS 

 
Theoretical study on the effect of using concrete with different strengths for columns 
ranging from 28 MPa to 56 MPa, and to 84 MPa is presented in this work. Eight-story 
frame was analyzed as a case study representing a multi-story building in Erbil. 
 The following conclusions can be stated: 
 

1. In high-rise buildings, the use of high strength concrete in column’s construction 
is essential for resisting the high stresses resulted from heavy loading and lateral 
forces. 

a. It is found in this project that the use of high strength concrete in 
columns may reduce the column size and increase the column capacity. 

2. StaadPro 2007 v8i was used in this project to analyze the case study and it was 
found very suitable in applying the studied factors, especially the variation of 
concrete compressive strength of columns. 

3. Maximum column moment change was found 7.69% when strength is changed 
from 28Mpa to 84 MPa. When wind loading is introduced the percentage change 
in column moments was maximum 8.8% percent. It can be seen that the analysis 
resulted in moderate change in maximum moment as expected. 

4. Maximum column shear force change was found 6.35% when strength is 
changed from 28Mpa to 84 MPa. When wind loading is introduced the 
percentage change in shear force was maximum 8.12% percent. It can be seen 
that the analysis resulted in moderate change in maximum shear force as 
expected. 

5. Maximum column axial force change was found 2.32% when strength is 
changed from 28 MPa to 84 MPa. When wind loading is introduced the 
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percentage change in axial force was maximum 5.99% percent. It can be seen 
that the analysis resulted in moderate change in maximum axial force as 
expected. 

6. As described earlier the maximum changes in moments, shear and axial forces 
were detected at regions closer to the ground floor columns investigated with the 
change in the values of concrete strength. The percentage change was reduced as 
we move away from these regions. 

7. The values of reinforcement ratio for the case without wind loading has been 
changed significantly when the strength is changed from 28MPa to 56MPa to 
84MPa. For the first floor column the Rho value has reduced respectively from 
4.28% to 1.25% (71%) to 1.0% (77%) for the first floor column no. 106. 
However for the eighth floor the corresponding values in Rho are 1.07%, 1.00% 
(7%), and 1.00% (7%).  

8. The percent change in Rho for the case with wind load was 70% when strength 
is changed from 28 MPa to 56 MPa for first floor column no. 106 and was 78% 
when the strength changed from 28 MPa to 84 MPa. For the eighth floor column 
no. 69 the corresponding changes were 3.0% and 49%. 

9. It can be concluded that the higher compressive strength for ground floor 
columns, the more saving will be obtained in the amount of reinforcement. In 
some cases the saving is up to 50%. 
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ABSTRACT 

Many heritage areas around the world are suffered from neglect in maintenance or 
rehabilitation, and never consider their historical values as an attraction places for 
visitors, in addition to these problems a lot of ancient buildings were removed in 
different old cities and a new modern constructions were shown instead of traditional 
ones, and that leads to visual and structural distortion and thus a problem in tourism. 
The area surrounding the citadel of Erbil suffered from many of these troubles, thus we 
have to focus on them, and present suggestions to solve the problems by presenting a 
world successful experience in this field. 

Keywords: Landscape, Erbil Citadel, Rehabilitation. 

 
1. INTRODUCTION 

 
    Many heritage areas around the world are suffered from lake in maintenance or 
rehabilitation, and never consider their historical values as an attraction places for 
visitors, in addition to these problems a lot of ancient buildings were removed in 
different old cities and new modern constructions were shown instead of traditional 
ones, and that leads to visual and structural distortion and thus a problem in tourism. 
The central area in Erbil is a traditional place, but it suffered from many problems in 
rehabilitation of the area around the citadel. Erbil Citadel and its landscape are very 
similar to Aleppo’s citadel landscape which considered as a successful experience in 
restoration and rehabilitation, therefore we can present Aleppo central area as a typical 
regional experience, and focus on the problems of the Erbil’s Citadel Landscape to get 
some criteria and recommendations can help us to suggest solutions could be carried out 
in the near future. 
 

2. THE IMPORTANCE OF THE AREA SURROUNDING ALEPPO’S CITADEL   

    The Citadel is the most important and distinguished land mark in the city of Aleppo. 
Its architectural and historical values are of local, regional, national, and international 
importance. By its location in the center of the lively historic district, the area 
surrounding the citadel is considered as the most promising for future tourism 
development in the city of Aleppo. [1] 
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Based on this value, several physical improvements have been carried out in the area 
such as the renewal of the landscape characteristics, rehabilitation of the old monuments 
and buildings around the citadel, traffic planning, and lighting.  

3.  ALEPPO’S CITADEL  LANDSCAPE AND ITS CHARACTERISTICS 

    The historical perspective in old cities is very important because it increases our 
understanding of the dynamic nature of landscapes and provides a frame of reference for 
assessing modern patterns and processors. [2] 
So it is very important to focus on the landscaping around Aleppo Citadel and its 
surrounding by studying the following points: The slope and stone cladding- The moat- 
The entrance and Mamluk bridge tower- Street furniture. Figure (2) 

3.1 THE SLOPE AND STONE CLADDING 

    The Citadel sits on the summit of natural mound, 40 meters above the city. This 
striking hill is formed partly from natural rock and partly from the layered ruins of 
various cultures, big areas of this slopes were covered with large lime stone slabs in 
Ayyubid Sultan [3]. Today only parts of the cladding remain because of the nature 
forces, so the rehabilitation here was to green of the resulted slope and covered some 
parts of it with panels of stones similar to the old ones. Figure (1) (2)  

3.2 THE MOAT  

    The dry ditch surrounds the citadel with the depth of 22m and 30m in width, this moat 
in past was filled with water to prevent the penetration of the castle fortification [3]. The 
future suggestion here was to fill this moat with water again and use the lands around it 
as places for activities and relaxing. Figure (3)  

3.3 THE ENTRANCE AND MAMLUK BRIDGE TOWER  

    The citadel’s importance peaked during the period of Ayyubid rule- who they built the 
outer entrance of citadel - and also Mamluk rule who built the inner entrance and the 
main tower near the gate figure(4). These constructions restored and became ready for 
visitors. Figure (1) 

3.4 STREET FURNITURE 

    The Street furniture is collective term for objects and pieces of equipment installed on 
streets and roads for various purposes, it included benches, light poles, canopies, trees, 
traffic barriers, bollards, traffic signs, street name sign, waste container, tiles, fences…... 
[4], but this furniture should be presented in traditional designs and materials not in 
modern ones, because it affects the appearance of the surrounding area. Figure (4)  
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FIGURE 4. Street Furniture 
Ref.: Internet 

FIGURE 3. the Moat 
Ref.: Internet 

FIGURE 1. Slope and Stone Cladding 
Ref.: Internet 

FIGURE 2. Aleppo’s Citadel 
and the moat 
Ref.: Internet 

 
 
 

 
 
 
 
 
 
 
 

3.5 REHABILITATION OF THE OLD MONUMENTS AND BUILDINGS 
AROUND THE CITADEL 

    Historical buildings have an important value to visitors as a part of their remembrance 
of historic times, and also as an example of cultural heritage. In general these heritage 
buildings divided into three main sections: public buildings, residential buildings and 
ancient market and old khans. 

3.5.1 PUBLIC BUILDINGS 

    These monuments around the Aleppo Citadel such as religion places, hospitals and 
old public buildings became as tourist attraction areas, for that sometimes we can change 
the function of these buildings into tourist service places such as hotels, restaurants, 
cafeterias, and exhibitions….these activities enable visitors to enjoy the history of this 
city[5]. Figure (5) 

3.5.2 RESIDENTIAL BUILDINGS 

    There are a lot of traditional houses around the citadel that complete the image of the 
old city and the landscape of the majestic castle, these buildings are renewing with local 
traditional materials, and the government encourages the population to restore their 
houses by giving them long-term loans to renew them according to the suggestion 
plans[3]. Figure (6)   
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FIGURE 5. Example of a Public 
Building 

Ref.: Internet 
FIGURE 7. the Ancient 

Market 
Ref.: Internet 

FIGURE 6. Residential 
Buildings   

Ref.: Internet 

FIGURE 8. Creation 
Pedestrian Zones 

Ref.: Internet 

FIGURE 9. Lighting at Night 
Ref.: Internet 

3.5.3 THE ANCIENT MARKET AND OLD KHANS 

    The commercial buildings with their activities attract people to visit the old city and 
interest in shopping and walking around the citadel, so they took care about the doors, 
canopies, bulbs…fixing problems and unified them in traditional design [6]. Figure (7)   

3.6 TRAFFIC PLAN 

    The traffic plan in old cities is very important to support visitors and encourage 
tourists to enjoy the beautiful ancient citadel and the monuments around it in a safe way 
[7], so they considered these following main points which help to reach the goals 

3.6.1 CREATION PEDESTRIAN ZONES 

    The area around the citadel was equipped to become car-free but just for visitors and 
their activities, therefore the ground is paved with traditional stones that decrease the 
speed of vehicles, in addition many places are specified for squares, art, cultural and 
social activities such as exhibitions, cafeterias, concerts……etc [7]. Figure (8) 

3.6.2 PARKING 

    Cars parking were considered as a very important part in the whole traffic planning, 
thus many outside lands and underground parking were providing in the landscape of the 
citadel. 

3.6.3 LIGHTING 

    The historical buildings and monuments could be an amazing architecture and 
engineering feats at night, fore that Development in lamp technology, providing more 
efficient artificial light sources and lighting the beautiful details of the structure could 
bring life and safety to these areas at night time [8][9]. Figure (9) 
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4.  STUDY CENTRAL AREA IN ERBIL PROJECT 
 
Erbil Castle shape came from basic oval nucleus that has grown around the city of 

Erbil, because of the castle area of about 60,000 m2, And a height of about 35m has 
been a year, the city has grown around the castle in the form of start-rings from the 
castle and penetrate radial streets Constitute the axis leading to the city center and from 
the suburbs and to neighboring cities. Patten characterized castle type uses the ground  
Represented by the role of government and residential buildings that were used circles 
and official institutions, which appeared later at the bottom of the castle Made up the 
fabric of the new city of Erbil after it was these buildings occupies space located at the 
entrance of the castle and the President of the door Southern them, and these buildings 
can be seen as the civic center of the castle was almost complete Erbil citadel city where 
markets and collector  School prayer and a school named after the castle has been the 
official residence of the castle of the city, and we have to mention that the land uses that 
Began to be the current city of Erbil over the years, but what are the main uses of the 
same, which consisted of buildings, including the castle (City (Old Erbil)) [10] 

 
4.1 DESIGN STRATEGY 

 
In March 2007 the House Consultative Engineering Office at the request of the 

Ministry of the municipality in the local government of the region of Kurdistan put the 
design basis report to the center of the city of Arbil [11], and in spite of the many 
aspects of the report, which confirmed the preservation of the historical value of the 
city and its identity, but executing the design stages of the analysis show follows:  

x Change the parts surrounding the castle of the traditional architectural style to 
talk through the conversion of the northern part (who fulfill the residential area) 
to cultural entertainment center includes a number of cultural buildings, such as 
the arts center and opera house in addition to the public library with  
architectural contemporary characters, and build my shopping complex modern 
and very huge called market (Neshteman) to the south which is a very huge 
market in terms of space as an area as far as the area of building almost to the 
castle and the height of six floors above ground this except floors located 
underground a basement which does not carry any heritage character has to do 
with the castle is not in terms of materials and details. 

x Destruction of the surrounding areas and the demolition of the castle 
Traditional shops which adjoins the castle of your hand for visitors to climb the 
slope and the transfer to the new owners of the shops and the market continue 
to dump the lands around the castle and the conversion process. (Shop owners 
to the new market in which to work. 

x Building public transport station of the population in the basement of the crypt 
inside the market and find a new movement knot roads linking the bottom of 
the market and the new node converted to the movement of public transport. 

x Conversion of open areas to sit outside for visitors and tourists areas. 
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4.2 REHABILITATION OF THE OLD MONUMENTS AND BUILDINGS 
AROUND THE CITADEL 

 
As we documented in 2014 after 7 years of implementing project and with compared 

with Aleppo citadel surroundings area according to research topics is listed below: 
 

4.2.1 PUBLIC BUILDINGS 
 

There is an standing project convert to ( Citadel Hotel ) (Qalat Hotel) and it seems not 
big enough to have more than 30 visitors & it have 4 Stars m the character of this hotel 
is traditional & it’s still have the same elevations as it was, but it is not suitable to much 
visitors, the area surrounded to citadel have many Hotels. 

 
4.2.2 RESIDENTIAL BUILDINGS 

All buildings around the citadel, the Kurdistan Regional Government, KRG start to 
change their elevations to have the same traditional faces, all buildings have the same 
tradition material (Brick) but also need to force the Shops owners to have the same 
Doors, some of them are metal, some of them are glass…etc  

 

 

 

 
4.2.3 THE ANCIENT MARKET  

The commercial buildings with their activities attract people to visit the old city and 
interest in Shopping and walking around the citadel, so we have to take care of the 
doors, canopies, bulbs…fixing problems and unified them in traditional design. 

 

 

 

 

FIGURE 10. Qalat Hotel 
Ref: Researcher photos 

FIGURE 11. Hotels around Qalat 
Ref: Researcher photos 

FIGURE 12. the Ancient Market 
Ref: Researcher photos 

FIGURE 13. Pedestrian Zone 
Ref: Researcher photos 
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4.3  TRAFFIC PLAN 

    As we noticed there is no planning for traffic, there is mixed in traffic between cars 
and pedestrian and there is no distribution between them and this is not safe for both.  

 

4.3.1 CREATION PEDESTRIAN ZONES 

    There are 2 places for pedestrian’s creations zone one of them is fully with water 
fountains and it is crowded all the time, the other one most of the time is empty cause it 
is far away from local market. 

 
FIGURE 15. Creation & Pedestrian Zone near Citadel 

Ref.: Researcher photos  

4.3.2 PARKING 

    There is leak of parking in this area , the Neshteman mall have a market but it is to far 
from the center area, also the cars used the side of streets for parking  in 2 or 3 lanes this 
effect on traffic. 

 
4.4  LIGHTING 

    There is no professional lighting in this area it is some of economic lighting without 
sense of art. 
 
 
 

FIGURE 14. Traffic near Citadel 
Ref.: Researcher photos 
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5. RESULTS AND RECOMMENDATION 
 

x Leaders and Planners have to provide laws and legislation to prevent using 
modern materials instead of traditional ones in buildings elevations around 
the citadel. 

x Increasing the awareness of the importance of citadel landscape as one of the 
effective ways to increase the tourism in the city. 

x It is possible to propose an environment-friendly and aesthetic solution for 
the citadel landscape by greening the slope of the citadel to increase the the 
green area around it and give the surrounding a beautiful view. 

x In order to have a long lasting tourism improvement in Erbil and around the 
citadel, pedestrian zones with various activities, street furniture and parking 
(outside and underground) should be considered in every future planning. 

x Further studies should consider various lighting technology to support and 
provide more efficient artificial light sources to bring life and safety to the 
citadel zone.   

x Planners and designers should take procedures to attract tourists by changing 
the function of some traditional distinct buildings into entertainment places 
such as hotels, restaurants, cafes. 
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ABSTRACT 
      
Vertical lift gate is almost installed within the dam tunnel to control the water heads 
and quantity .The major function of such gate are to satisfy the requirements of 
power generation and demand of water downstream the dam. The bottom gate 
surface exposed to high pressure induced by water jet issuing below the gate and 
uplift force is produced and effect the operation and stability of the gate. In present 
research the physical hydraulic model was used to study the behavior of water flow 
pattern below the gate and the generation of pressure for two different lip gate 
geometries .The measurements upstream head ,downstream head ,jet velocity and 
peizometric heads distribution along and across the bottom gate surface were 
involved .The results were analyzed and expressed by using three dimensions 
presentation .The main conclusion states that the bottom pressure coefficient is 
influenced clearly by the lip gate shapes and gate openings . 

Keywords: pressure coefficient ,hydraulic force ,tunnel dam gate. 

 

1. INTRODUCTION 

The hydrodynamic forces on vertical gates are commonly exerted by high heads 
water of dam reservoir and impacted the upstream face, top and bottom surfaces of 
the gate .The operation and safety of the gates are directly affected by these forces 
and hence the prediction of such forces have been received much more attention 
from researchers and designers. 

The parameters affected the bottom pressure coefficient on high head gate has 
been studied by the Reclamation Hydraulic Laboratory Colgate Donald (1959), the 
pressure area computation method was used to estimate the pressure head 
distributions and it was found that the not all parameters can be presented through a 
mathematical analysis with a certain extend. 

The main parameters affected the bottom pressure coefficient are summarized by 
Sagar (1977) which can be expressed by the following form: 

𝐾𝑏 = 𝑓 ( 𝑋
𝑋𝑜

 , 𝐻𝑖 , 𝐻𝑑 , 𝑉𝑗
2

2𝑔 , 𝑌
𝑌𝑜

 )                                                          (1) 

Where 

𝐾𝑏: Bottom pressure coefficient, 
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𝑋
𝑋𝑜

: Distance ratio along bottom gate Surface,  
𝑌
𝑌𝑜

: Opening ratio, 
𝐻𝑖: Peizometric head on bottom gate surface,  
𝑉𝑗

2

2𝑔: Jet velocity head, and 
𝐻𝑑: Downstream peizometric head. 
 

The flow conditions and gate geometry were studied by Naudascher et al (1964) 
to evaluate the bottom pressure coefficient .It is found that the bottom pressure 
coefficient can determined as follows: 

Kb = ( 1
B.d)∬[(𝐻𝑖 − 𝑌𝑠)/(𝑉𝑗2

2𝑔 )]𝑑𝐵 . 𝑑𝑥                                          (2)                                 

Where: 

𝑌𝑠: Pressure head in the section of contracted jet,  
𝐵: Gate width, and  
𝑑:Gate thickness. 

The design of the 3-leaf intake gate as a result of experimental study simulating 
the TVAS Melton Hill Dam was presented by Elder, R. A. and Garrison (1964). The 
experiments involved the examination of five proposed gate lip shapes and nine 
other basic shapes. Some difficulties were encountered due to the large hydraulic 
forces induced by lip forms, oscillation and prevention of the leaves to close. 

The effects of different flow conditions on the bottom surface local pressure of 
intake gate was studied by  Thang (1983) . The study indicates that the values of 
downpull and discharge coefficients are sensitive due to the flow separation from the 
gate bottom surface. 

The behavior of flow pattern and its effects on pressure fluctuations along the 
bottom gate surface were investigated by Bhargava (1989).The study include the 
measurements of many hydraulic parameters with respect to different gate openings. 
The study reveals that the values of hydraulic force is influenced by the pressure 
fluctuation and consequent vibration.    

Thang (1990); studied the effects different geometrics of bottom gates and 
discharge conditions on dynamic loads applied by water flow on vertical-lift gates 
with in an open channel and at a conduit inlet. The study was included the 
observation of vibrations which it may happened according flow fluctuated between 
complete attachment and re-attachment at the gate bottom. It was concluded that the 
slope of the average lift curve acting on the gate bottom will contribute the 
determination of critical range of gate openings with respect to potential gate 
vibration. 

A one dimensional analyses were used by Al-Kadi (1997); to predict the effects 
of many hydraulic parameters on downpull forces acting on the bottom of vertical 
lift gate The analysis were based upon the methodology of finite element program 
by considered two models,one with constant eddy viscosity, and the other of variable 
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eddy viscosity which is important or estimating the upward downpull for large gate 
openings. The model was verified with actual records and gave good results.  

The effects of many gate geometries with different gap width ratios on downpull 
force are examined by Ahmed (1999) was used the hydraulic model to measure all 
required parameters to estimate the downpull .It is found that the downpull force is 
influenced manly by gate geometries, gate openings and gap ratios of gate shaft . 

2. EXPERIMENTAL WORK 

The bottom pressure coefficient (Kb) is affected by numerous parameters which 
are mentioned earlier by equation (1).The estimation of (Kb) is required principally 
the measurements of pressure heads along the bottom gate surface , pressure heads 
downstream the gate shaft and velocity in contracted section below the gate. In 
present study, the model gate made by a thick plate with a thickness of 5 mm was 
connected by steel rode to permit its vertical movements through gate shaft which 
has been installed in the middle of tunnel (4m long, 0.2 m width and 0.3 m 
Height).The openings of gate and it can be adjustable by a screw placed on the top 
of the shaft. The gate was provided with two sets of taps located along the lip 
parallel to the direction of flow, first set with five taps fixed at a distance 0.25 B 
from right gate edge with equal interval distance from each to other, the second set 
located at 0.5 B with five taps of equal interval distance. These taps have been 
connected to the manometer board through plastic tubes to measure the peizometric 
heads along and across the bottom gate surface (Hi). 

3. RESULTS AND DISCUSSIONS 

In present research, the results of (Kb) values are based upon the experimental 
measurements and represented by using three dimensional model software. Two 
inclined lip gate shape with (θ=35°) were examined. The principles of pressure 
fluctuations according to the values of (kb) along the bottom gate surface were used 
to indicate the effects of flow pattern on hydraulic forces and vibration impact on lift 
gate surface.  However, the bottom pressure coefficient (Kb) is calculated using the 
following expression: 

𝐾𝑏 = (𝐻𝑖−𝐻𝑑)
𝑉𝑗

2

2𝑔

                                                                       (3) 

It can be seen from figure (1) that for (Y/Yo=10%) and (X/d) from leading edge 
up to 40%, the (Kb) values are varied uniformly and some changes in distribution 
occurred when the increased values have been located on both sides of bottom gate 
surface and the maximum value of (Kb) observed on middle of last third of gate. 
Hence, the flow behavior is seemed to be with attachment mode along the gate 
surface which may cause less probability for problem due to vibrations.  

Figure (2) indicates that in general, the values of (Kb) for (Y/Yo=20%) becomes less 
and increased from leading edge (X/d=20%) with small interval difference toward 
the maximum value of (Kb) which has also been appeared near the last third of gate 
surface. The low values of (Kb) revealed a poor attachment of flow stream lines with 
gate surface. 
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The values of (Kb) for (Y/Yo=30%) are uniformly increased from leading edge 
up to (X/d=35%) as shown in figure (3) and then decreased from the middle part 
toward the both sides of gate surface up to (X/d=70%).It can also be observed, that 
around (X/d=80%), the values of (Kb) are increased across the gate surface and 
reach the maximum value just near the side edges. Thereafter, the (Kb) values are 
decreased beyond (X/d=85%) up to trailing edge of gate surface. Such fluctuations 
in the values of (Kb) assured that the phenomenon of attachment and reattachment 
of stream lines flow have been established and the problems of vibration will be 
more probable occurred. 

Figure (4) is indicated the for (Y/Yo=40%) ,the values of (Kb) are relatively 
becomes less. The figure shows that the high values of (Kb) are collected with the 
region of (X/d=45% and X/d=90% ) and the maximum values concentrated at 
(X/d=80%) near the side edges .The significant reattachment can be observed within 
the middle part and especially on both side edges of (X/d=80%).  

Figure (5) is indicates that for (Y/Yo=60%), the values of (Kb) are increased 
throughout the bottom gate surface with a little bit changes in interval differences 
.Hereby, the high values of (Kb) can be seen between (X/d=75% and X/d=90%) 
whereas ,the maximum values of (Kb) can be observed in two positions near the side 
edges ,at (X/d=40%) and (X/d=80%) which reflects the strong attachment impact. 

It can be seen from figure (6), that for (Y/Yo=70%), the low values of (Kb) are 
observed at the beginning part of gate from leading edge up to (X/d=20%) and last 
part beyond (X/d=90%). The more uniform high values of (Kb) are located mostly 
on part of bottom surface between (X/d=30% and X/d= 80%).The maximum values 
of (Kb) are observed on both side edges of the same mentioned region. 

For (Y/Yo=80%), the uniform distribution of increased (Kb) values can be seen in 
figure (7) .The flow attachment is started from the leading edge up to trialing 
edgeand the maximum values are indicated between (X/d=85%) and (X/d=100%).In 
such case, the uniform increase of (Kb) values along the bottom surface of gate will 
reduce the probability of variation problems.    

 

4. CONCLUSIONS 

For (Y/Yo=10%) and (X/d) from leading edge up to 40%, the (Kb) values are 
varied uniformly and some changes in distribution occurred when the increased 
values have been located on both sides. The maximum value of (Kb) observed on 
middle of last third of gate. 

The attachment mode along the gate surface which may cause less probability for 
problem due to vibrations.  

The values of (Kb) for (Y/Yo=20%) becomes less and increased from leading edge 
(X/d=20%) with small interval. 

For (Y/Yo=30%), the values of (Kb) are increased across the gate surface and 
reach the maximum value just near the side edges. The fluctuations in the values of 
(Kb) assured that the phenomenon of attachment and reattachment of stream lines 
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flow have been established and the problems of vibration will be more probable 
occurred. 

For (Y/Yo=40%), the values of (Kb) are relatively become less. 

For (Y/Yo=60%), the values of (Kb) are increased throughout the bottom gate 
surface with a little bit changes, the maximum values of (Kb) can be observed in two 
positions near the side edges ,at (X/d=40%) and (X/d=80%) which reflects the 
strong attachment impact. 

For (Y/Yo=70%), the low values of (Kb) are observed at the beginning part of 
gate from leading edge up to (X/d=20%) and last part beyond (X/d=90%).  

For (Y/Yo=80%), , the uniform increase of (Kb) values along the bottom surface 
of gate will reduce the probability of variation problems.    

FIGURE 1.Variation of (Kb) for (Y/Yo=10%)             FIGURE 2.Variation                                                                                            

.                                                                              of (Kb) for (Y/Yo=20%)   

 

FIGURE 3.Variation of (Kb) for (Y/Yo=30%)              FIGURE 4.Variation 

.                                                                              of (Kb) for (Y/Yo=40%)       
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 FIGURE 5.Variation of (Kb)    FIGURE 6.Variation of (Kb) 

     for (Y/Yo=60%)               for (Y/Yo=70%)  

 

 

 

 

 

FIGURE 7.Variation of (Kb) for (Y/Yo=80%) 
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ABSTRACT 

The use of non-destructive tests in evaluating concrete strength has received increasing 
attention during the last decades. Ultrasonic Pulse Velocity (UPV) and Rebound 
Number (RN) have been using in this regard. The aim of this study is to examine the 
use of image analysis technique represented by gray color value (GV) as a non-
destructive test. 150 cubes were casted and non-destructively tested in terms of UPV, 
RN, and GV and destructively and the experimental results were correlated using 
regression analysis. Single variable regression models were used to predict concrete 
compressive strength. The statistical analysis and the experimental validation reveled 
that GV is not recommended to be used as a non-destructive.  

Keywords: Concrete compressive strength, image processing technique, Gray value, 
Non-destructive tests, imageJ. 

 
1. INTRODUCTION 

  
Compressive strength fcu is important, in reinforced concrete design, in determining 

both structural member dimensions and steel reinforcement ration (ρ). Therefore, the 
test result (fcu value) should satisfy the requirements of structural integrity. Namely, the 
average of the tested specimens’ compressive strength should be equal or exceed the 
design compressive strength [1]. In some cases; however, the laboratory test reveals that 
the tested specimens do not provide the required strength i.e. < design compressive 
strength. In such case, the used concrete should be evaluated to conserve the structural 
integrity as the tested specimens, sometimes, do not represent the casted concrete for 
many reasons such as human mistakes in terms of both sampling and testing, poor 
curing, etc. Additionally, old and damaged structures need, sometimes, to be assessed 
for safety and constructional (repairing) reasons during their surface life which, again, 
compressive strength is the crucial factor.  

Unlike the destructive tests like core and loading tests, Non-destructive Tests (NDTs) 
are considered economical and time-save tests which can be used to predict the concrete 
compressive strength. These tests are Ultrasonic Pulse Velocity (UPV), Schmidt 
Hammer Test (Rebound number (RN)), resonance frequency, pin penetration, pull-out, 
and radiative and magnetic [2-5]. Gregor et al [6] concluded that concrete compressive 
strength is usually determined using empirical relations or charts between compressive 
strength and NDT parameters. However, these relations could be not suitable for wide 
range of concrete classes as the concrete is not a homogenous material and its strength 
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is affected by many factors such as aggregate type and quantity, cement and water 
content, curing method and age, etc.   

Image processing technique is characterized by a computer- based process including 
image provision, digitalization, segmentation, following by image enhancement, 
classification, recording and recalling. In concrete engineering, it has firstly been used 
in assessing physico-mechanical properties of concrete where, the nature of pore 
structure of concrete was observed by Lange et al [7] using images of back-scattered 
electrons with luminous sections. Whereas, the location of steel reinforcement into a 
concrete body was studied by Gaydecki et al [8] using a portative scanning system with 
an inductive sensor. Huon et al. [9] analysed the mechanical behavior of normal and 
high-strength concretes under semi-static loading employing infrared thermography and 
digital image correlation. Recently, Concrete compressive strength value was estimated 
with a ‘’high correlation’’ based on aggregate and cement matrix percentage in the 
concrete mix using regression analysis. The aggregate, air-gaps, and cement percentages 
were calculated from processing the images of concrete sections using imageJ software 
[10]. More recently, the compressive strength of a modified mortar was predicted using 
a relation between the actual (measured) compressive strength and a non-destructive 
parameter called gray colour value (GV) obtained from analyzing a captured image of a 
mortar specimen using image processing technique [11]. The aim of this study is to 
examine the use of image processing technique indicated by GV as a non-destructive 
test to predict concrete compressive strength. Experimental validation for the proposed 
model will be also carried out. 
 

2. EXPERIMENTAL PROGRAM  
  
Thirty different mixes (different proportions, w/c, and cement content) were 

designed to provide fcu
 between 25-50 MPa. Ordinary Portland Cement (OPC) type I 

from same patch was used for all mixes in order to neglect the potential effect of cement 
color on the concrete GV. Mineral coarse aggregate with different maximum sizes of 
12, 14, and 20mm in addition to natural sand with 4.75mm maximum size were used. 
150 cubic samples of 150×150×150 mm (5 samples for each mix) were casted, water-
cured for 28-days and then tested in terms of compressive strength UPV, RN and image 
analysis to obtain GV (as it would be later explained). UPV (direct) was measured using 
a commercially available Portable Ultrasonic Nondestructive Digital Indicator Tester as 
commercially known (PUNDIT) according to BS 1881-203[12]. Compressive strength 
test has been carried out based on BS 1881-116 [13] while RN was tested in accordance 
with BS 1881:202 [14].  The record UPV and RN were the average of four and thirty-
six readings respectively where it was recommended that the number of minimum 
measurements should be at least 4 for UPV and 9 for RN [15].  
 
3. IMAGE PROCESSING TECHNIQUE  

  
After 28 days water-curing of the tested concrete samples, which is the usual age, the 

cubic samples were placed inside an oven for an hour at about 50°C (after many trials) 
to make the photographed surface is totally dry. This was to remove moisture effect on 
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the gray color value as the moisture increases the darkness of concrete. The digital 
images of the tested specimens were photographed using a14 mega pixel canon camera 
and same photographing system that used elsewhere [10] has been adopted, as seen in 
Fig1. The captured images were firstly imported to imageJ software by drag and drop 
and then rectangular icon tool was applied to crop the image using ‘crop’ edit feature 
that installed in ‘image’ icon tool in order to minimise edge effects. The cropped images 
have constant dimensions of 1500 ×1500 pixels, which mean that each image is 
composed of a matrix with 1500 rows and 1500 columns. It means that each image has 
constant count of 2,250,000 pixels. 
 

The imported images were then converted from RGB colour feature to 8-bit 
greyscale (binary) followed by applying ‘histograms’ feature that installed in ‘analyze 
icon’ of imageJ software tool, which represents the graphical expressions of pixel 
values on the examined image. Histogram analysis has been carried out for each 
imported images in a grayscale image, hence, the number of pixels for each analysed 
point was obtained, which represents the (GV) that directly shown at the software page 
as seen in Fig 2. Grayscale values of a binary image consists of 256 different hue values 
i.e. (G = {0, 1, 2, ..., 255}), which means that (256 gray values), a byte (1 byte = 8 bit 
and 28 = 256). This means that 0 and 255 values correspond to black and white 
respectively and the gray tones spread in between these values [16]. The GV in this 
study is representing the average of sixty readings i.e. ten in each face of the concrete 
cubic specimen.  
 

 

FIGURE 1. Set-up to photograph digital images [16] 
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FIGURE 2. Gray color value (GV) calculation 

 
 
4. REGRESSION MODELS AND THEIR EXPERIMENTAL VALIDATION  

   
It was well-documented that concrete compressive strength can be correlated with 

UPV and hence the first can be arguably predicted using numerous formulas. The 
mostly agreed formula is a single-variable exponential regression model, as seen in Eq. 
1 [6]. 
     

fcu= a*exp(b*UPV)                                                                (1) 
Where a and b are empirical parameters determined by least square method. 

Although, there is no unique relationship between concrete compressive strength and 
rebound number, as a physical measurement of the concrete surface hardness, 
experimental relationships can be presented for a given concrete [17]. In order to 
examine the possibility of using image processing technique represented by GV as a 
non-destructive test in predicting concrete compressive strength, regression analysis has 
been carried out on the experimental results. Actual concrete compressive strength was 
correlated with UPV, RN, and GV using best fit-curve to build single-variable 
regression models to predict concrete compressive strength and these models are 
respectively presented in Eqs 2, 3, and 4. The relationships between the actual 
compressive strengths and the results of the used non-destructive tests i.e. UPV, RN, 
and GV were illustrated in Figs 3, 4, and 5 respectively.  
                            fcu = 7.3487*e 0.0004*UPV                                                                    (2) 
                           fcu = 1.3741*RN 1.0207                                                                       (3) 
                           fcu = 10.482*e 0.0077*GV                                                                       (4) 
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FIGURE 3. The relationship between UPV and actual fcu 
 

 
FIGURE 4. The relationship between RN and actual fcu 

 

 
FIGURE 5. The relationship between GV and fcu 
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The relationship between the actual and determined/ predicted compressive strength 

by the proposed models was shown in Fig.6. Statistical analysis has been made for the 
results (compressive strengths) that obtained by the proposed regression models as 
presented in Table 1. UPV and RN as non-destructive tests have widely been used; GV 
model (Eq. 4) has statistically been compared with these models i.e. Eqs 2 and 3. It can 
be seen that the coefficient of correlation R2 was very low for GV model (Eq.4) in 
comparison with Eqs 2 and 3. Descriptive statistic tool that installed in Data Analysis 
feature in Microsoft Excel was used to determine the standard deviation (SD), standard 
error (SE), and sample variance (SV) for compressive strengths that calculated using the 
propose regression models. Table 1 shows that standard error (the average distance that 
the observed values fall from the regression line) values are less than 2 and for GV 
regression is less than 1(smaller values are better because it indicates that the 
observations are closer to the fitted line). It means that all regressions are statistically 
acceptable in this regard. Variance of Eq. 4 is far small than that for other models which 
indicates that the data points tend to be very close to the mean and hence to each other. 
Unlike for Eqs 2 and 3that indicates the data points are very spread out around the mean 
and from each other. Same trend can be observed for SD which is expected as it 
represents the square root of the variance. It seems that GV models that presented in 
Eq.4 is statistically representing the data better that others, as seen in Table 1;however, 
it cannot be reliably used in predicting concrete compressive strength as R2 value is 
very low.   
 

To experimentally validate the suggested regression models (Eqs 2, 3, and 4) and 
also to compare GV model with the others, in terms of their accuracy, additional 15 
specimens 
of 150 mm cube were prepared using same materials and under same condition. They 
were water-cured and tested at age of 28 days. They had different compressive strengths 
as shown in Table 2 and they were non-destructively tested i.e. UPV, RN, and GV as 
previously explained before destructively tasted (crush test) to obtain actual 
compressive strength. Table 2 shows that the predicted compressive strengths using 
Eq.4 have less accuracy in comparison with Eqs 2 and 3. Whilst the number of the 
predicted fcu that having greater than 80% accuracy in comparison with corresponding 
actual value is only 6 (out of 15) for Eq.4, it was 15 and 12 for Eqs 2 and 3 respectively. 
This is an experimental confirmation of the previous conclusion that states GV not 
recommended to be used alone as a non-destructive test to evaluate concrete 
compressive strength.    
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FIGURE 6. The relationship between actual and determined fcu 

TABLE 1. Statistical analysis of the regression models 

 
Regression models  Eq.2 Eq.3 Eq.4 

Coefficient of correlation  0.842 0.803 0.204 

Standard Deviation  6.58 7.53 3.69 

Standard Error 1.700 1.943 0.950 

Variance  43.35 56.66 13.59 

 
 

TABLE 2. Results of experimental validation of all models 
 

                    NDTs results          Predicted compressive strength (MPa) based on  
 

UPV RN CV 
Actual 
fcu Eq.2  Eq.3 Eq.4 

  

 

150 mm cubic 
samples  
results 
(Laboratory 
validation) 

  

3920 25 138 35 35.3(99)* 36.7(95) 30.3(84) 
4950 33 168 56 53.2(95) 48.7(87) 38.2(53) 
5076 34 146 57 56.0(98) 50.3(88) 32.3(23) 
4178 23 161 33 39.1(82) 33.7(98) 36.2(91) 
3978 26 143 36 36.1(99) 38.2(94) 31.5(86) 
4717 27 171 40.5 48.5(80) 39.7(98) 39.1(96) 
4717 29 178 43.5 48.5(88) 42.7(98) 41.3(95) 
4808 27 183 46 50.3(91) 39.7(86) 42.9(93) 
4644 25 161 48.5 47.1(97) 36.7(75) 36.2(66) 
4824 30 166 50.5 50.6(99) 44.2(87) 37.6(65) 
4839 27 173 53 50.9(96) 39.7(75) 39.7(66) 
4886 30 173 56.5 51.9(91) 44.2(78) 39.7(58) 
4966 36 178 65 53.5(82) 53.3(82) 41.3(42) 
5019 39 164 64 54.7(85) 57.8(90) 37.1(28) 
4950 38 161 62 53.2(86) 56.3(90) 36.2(29) 

 
  >90% 

 
 9 7 4 



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016 

 
 

134 
 

 80%-90% 
 

 6 5 2 
 70%-80% 

 
 0 3 0 

  <70%  
 

 0 0 9 
*X(Y): X is the predicted fcu (MPa), Y is (%) of accuracy in comparison with the actual fcu  
 
 
 
5. CONCLUSION 
 

A handful of previous studies have conducted to employ the image processing 
technique as a non-destructive test to evaluate concrete strength. Most of these studies 
required some details about the mix design in terms of used materials properties and 
their proportions which are not always available. Image processing technique can 
provide many parameters that can be used in predicting concrete compressive strength 
such as gray color value (GV) which has not yet been examined. In this study, 
regression analysis was used in correlating actual (tested) compressive strength with 
GV to propose single and triple (with UPV and RN) variable regression models to 
predict concrete compressive strength. The proposed models were statistically analyzed 
and experimentally validated in addition to compare with other models i.e. single 
variable (GV) model was compared with UPV and RN models. Based on the results of 
this study, the suggested test (GV) is not recommended to be used in predicting 
concrete compressive strength as a single test. Nevertheless, this conclusion needs to be 
confirmed in addition to study the use of this test as an added-test to other NDTs to 
establish multi-regression models to predict concrete compressive strength.  
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ABSTRACT 

Cloud computing is the latest trend in information technology that promises 
potential flexibilities. However network management in a virtual environment is 
different than management in a physical one. Invisibility of infrastructure creates 
management difficulties and consequently cloud computing is subject to many 
potential weaknesses. Providing analysis from a management perspective, this paper 
will first introduce cloud computing and its attributes. Secondly provide a literature 
review of network management requirements to support cloud computing. Thirdly 
critically evaluate the requirements, and addresses cloud weaknesses and their 
impact, providing key recommendations for network management in the cloud. 
Concluding with results achieved from current research.   

Keywords: Cloud computing, FCAPS, Network Management, Security.  

 
1. INTRODUCTION 
 

The National Institute of Standards and Technology (NIST), defines cloud 
computing as a model for achieving universal, suitable, network access to a 
collective of configurable computing resources, to be accessed when needed, in such 
cases as: networks, servers, storage applications and services, quickly increased or 
decreased with least managerial effort or vendor interaction [1]. Anything which 
consists of service delivery over the internet is cloud computing, and the name is 
believed to be inspired by the cloud symbol, usually used to depict the internet in 
drawings. This technology enhances availability and is comprised of three service 
models, four deployment models and five essential characteristics. Cloud computing 
service models are: Software as a Service (SaaS), Platform as a Service (PaaS), and 
Infrastructure as a Service (IaaS).  

SaaS: The client can use the provider’s applications running through cloud 
infrastructure; these applications are accessed by multiple devices through interfaces 
such as browsers. The client does not have the control or ability to manage the cloud 
infrastructure encompassing networks, servers, operating systems, storage, or 
application capabilities. This tends to reduce cost of hardware and software 
development, operation, and maintenance [2].    

PaaS: The client can use the cloud infrastructure to deploy its own developed or 
requested applications developed via programming languages and tools provided by 
vendor. The client cannot control or manage the provided infrastructure such as 
network, servers, operating systems, or storage. Instead the client can only control 
deployed applications and the configured environment where the application is 
hosted. This reduces the cost of buying and managing software and hardware 
components of the given platform [2].     
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IaaS: The client can increase processing power, memory, networks, and additional 
essential resources for client to deploy and run software such as operating systems 
and application programs. Although client cannot manage or run the given 
infrastructure, it can control operating systems, storage, deployed applications and 
may be control over some network components. This is to avoid buying, managing 
and housing hardware and software components [2].     

1.1 DEPLOYMENT MODELS 
 

x PRIVATE CLOUD: The cloud exclusively runs for an organization. The 
organization manages it or by a third party and may exists on premise or off 
premise [1]. 

x COMMUNITY CLOUD: The cloud shared by group of organizations to 
support their community with common concerns such as: mission, security 
requirements, policy, and compliance concerns. The organizations or a third 
party manage it and may exist either on or off premise [1]. 

x PUBLIC CLOUD: The cloud is for the public or big groups of industries 
and it is possessed by an organization providing cloud services as a business 
[1]. 

x HYBRID CLOUD: Comprises of two or more of the above cloud models 
(private, community and public) each with their unique entities however 
bound by standards or proprietary technology to ensure data and application 
portability [1].        

1.2 CHARACTERISTICS 
x ON DEMAND SELF-SERVICE: Computing resource capabilities such as 

network storage and server time unilaterally provisioned by consumers when 
required automatically, without human interaction [1].       

x BROAD NETWORK ACCESS: Capabilities made available on the 
network and can be retrieved via standard mechanisms to stimulate use via 
different client platforms such as: personal computer, laptops, and mobile 
phones [1].    

x RESOURCE POOLING: The sharing of provider resources for several 
clients in a multitenant fashion. Resources dynamically assigned based on 
demand. It is location independent, in which client may have no idea about 
the actual location of the given resources. Examples of resources are storage, 
memory, processing power, network bandwidth and virtual machines [1].   

x RAPID ELASTICITY: Capabilities are instantly and elastically 
provisioned, sometimes automatically scaled out and rapidly released to scale 
in. These capabilities are often unlimited so as to be used by the client at any 
time [1]. 

x MEASURED SERVICES: Clients are charged based on their usage of 
computing power, bandwidth use and/or storage in a metric model. In order 
to provide transparency for the client and the provider, resource usage can be 
monitored, controlled and reported [1]. Enterprises are interested in cloud 
computing, because there are several reasons and constraints driving them to 
look for more innovative, cheaper and more flexible ways of conducting 
business. With cloud computing, they benefit from lower implementation 
and management costs, save on initial investment costs and operational cost 
reduction.  
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2. LITERATURE REVIEW 

 
Cloud computing promises an omnipresent access to shared resources such as 

services and applications that are delivered over a network to various customers. 
These resources are available via interfaces deployed within the cloud, not spread 
over single machines connected to the internet. However due to the high level of 
abstraction in cloud infrastructures, it potentially introduces unpredicted 
performance behaviours. Nonetheless, for network management to support cloud 
computing infrastructure, a very high performance is required to fulfill the need of 
all workloads [3]. Sharing resources on a large scale distributed infrastructure may 
reduce distinct workload variability and only a high performance can facilitate the 
execution of all the tasks. Varying individual workloads and resource demands at 
given workload conditions leads to performance prediction difficulties. Enabling 
users and applications to store data on network, thus dealing and transporting large 
volumes of data on the cloud or among clients is a challenging issue, network 
management must be capable and guarantee that data is automatically processed and 
transferred when and where it is needed [2]. Automation of tasks is another 
requirement of a network management to support cloud computing. An environment 
with human interference to assign bandwidth, communication links or resources to 
process tasks cannot be considered as cloud computing [2]. Therefore an accurate 
network view is fundamental and must be integrated to cloud management; to 
support and enable these services which provide flexibility to cloud and also 
augment the use of the available resources and communication infrastructure 
efficiently. Speedy connections are also required to run at the ultimate bandwidth 
with least transmission latency [4]. Generally users and providers should understand 
performance redundancy and different option costs, since applications do not have 
the same features. Some need basic capability, and others may need enforcement of 
specific network performance. An efficient configuration management to facilitate 
and ease software deployment process is essential, as it is usually a major challenge. 
Therefore the client must be able to revert to the previous image, shape or able to 
upload a new one efficiently during bug problems facing the software running in the 
cloud. [4].Cloud computing is about service monitoring as computing capacity 
increases and decreases based on weight and traffic, meanwhile network and server 
infrastructure remain invisible. While current network management is about 
ensuring if network and server infrastructure are functioning appropriately, but in 
cloud computing network management focus moves from infrastructure 
management to managing service availability and performance. The need for 
provision, scalable network and management encourages migration to cloud. 
However, the client is reliant on the vendor in a network management system to 
trace the breakdowns [5]. Standard cloud usage information statistics by vendor 
should be in a format compatible to a client's network management software. The 
client must use network management systems with capabilities so that they connect 
their network management system to the vendor’s one.Sometimes the vendor and 
client may use the same cloud computing infrastructure. Managing in a cloud 
environment has drawbacks if vendors are not transparent about the way they have 
deployed their infrastructure, because there is a possibility that both management 
and managed services to use the same infrastructure. Network management systems 
are used to concentrate on monitoring and measuring of technical metrics and 
separate node trends and infrastructure components. Yet to ensure that business 
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operations run smoothly in the cloud environment, the network management has to 
shift its focus from monitoring technical infrastructure to business service 
availability and performance monitoring [6]. In fact, network management must 
include a complete service monitoring view rather than only monitoring individual 
node performance or components. 

3. CRITICAL EVALUAION 
 

Advancements in virtualization and virtualization software have led to the 
emergence of cloud computing during the recent years [7], and with virtualization 
the user has access to seemingly endless amounts of resources. Achieving the true 
potential benefits of cloud computing, there has to be successful application delivery 
and around the clock service availability. In cloud computing, the responsibility of 
network management is delegated to the cloud service provider to ensure successful 
delivery and availability. But the virtual network becomes the real target of network 
management, as it may be harder to manage a virtual network in comparison to a 
physical one [8]. Clients may have no clue about network management in cloud, 
since managing unseen virtualized infrastructure is more difficult than the physical 
infrastructure and clients are used to having staff managing it for them. While 
hereinafter the responsibility is shifted and delegated to the vendor to look after 
infrastructure, security and application delivery [10]. It is difficult to state how these 
resources are available, seeing as everything is virtualized in cloud computing. The 
invisibility of infrastructure makes it difficult to ensure that the infrastructure works 
properly, as there is no physical hardware on client’s premises. Thus monitoring 
performance is challenging. Therefore, to ensure reliability and application delivery, 
network management needs access to the routing and traffic dynamics spanning both 
enterprise and inter domains, but traditional network management techniques are 
incapable of providing that sort of visibility [9]. Unlike the traditional model of 
computing, in cloud computing clients are no longer able to imply their security 
control [11]. Service providers are tasked instead with security controls and 
preventing clients from accessing another's data. Clients face difficulties in checking 
whether appropriate security measures are implemented and if certain services are 
available around the clock. The enhancement and maintenance of security 
functionalities raise clients concerns, since the applications are hosted on provider 
owned servers or deployed on a third party cloud infrastructure. Data is perhaps the 
most valuable asset for businesses nowadays; organizations protect data by imposing 
access control policies. But in cloud computing, many clients’ data is stored together 
in a service provider’s storage. Providers often supply public cloud services to the 
general public, i.e. many clients share the same boundary. Moreover to maintain 
high availability, providers replicate data across several locations and clients will 
lose visibility and control of their data. Consequently in cloud computing there 
exists several weaknesses and security issues which require detailed consideration. 
Some of these weaknesses and security issues are discussed below:    

x DATA SECURITY: Prior to the emergence of cloud computing technology, 
specifically in the on-premise application deployment model; sensitive data 
resided within an organization's boundaries. Therefore, data policies are 
developed by organizations to address physical, logical, and access control. 
Adoption of cloud computing has the implication of the potential release of 
ownership of data, as the data is no longer within the firm’s boundaries. 
Security concerns rise as data owners cannot place or impose their security 
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policies anymore. As a result, it is the responsibility of the cloud service 
provider to implement and enforce data security policies to prevent 
unauthenticated and unauthorized access to data, and from malicious 
insiders. This can be done via strong user authentication methods. Otherwise 
any vulnerability is subject to be exploited by a malicious user to obtain 
unauthorized access [12].  

x DATA SEGREGATION: The multi-tenant environment of cloud enables 
many users to stock their data using applications in the SaaS cloud model. 
Accordingly, various user data is stored in the same data repositories. This 
makes data intrusion possible where one user can access another user’s data. 
Intrusion can be achieved through hacking techniques exploiting application 
loopholes or by inserting client executable codes into the system. The 
capability of intruders to access other's data would be high, if the targeted 
application permitted execution of such programs without further 
verification. Each user’s limit within the service model should be assured on 
both the physical and application level, so that data is adequately isolated 
between different users to prevent intrusion. Segregation vulnerabilities can 
enable malicious intruders to avoid security checks and as a result another 
user’s sensitive data can be accessed by an unauthorized user [13].  

x DATA BACKUP AND RECOVERY: A major security issue in cloud 
computing technology is data loss. Disasters can potentially be very harmful 
to enterprises especially when resulting in loss of sensitive data. Hence, 
quick data recovery ought to be facilitated and the client’s data must be 
regularly backed up with the service provider being accountable for this. 
Meanwhile when disaster strikes, clients need to know about the fate of their 
data. This can be prevented via appropriate replication of data and providing 
a reliable media storage. Sometimes insecure storage and insecure 
configuration in a given service raise vulnerabilities that may be exploited in 
order to achieve access to an enterprises sensitive data, stored in backup 
repositories [14].     

x CONFIDENTIALITY AND PRIVACY: only authorized parties or 
systems must be able to access protected data. Any unauthorized disclosure 
of information may implicate the data owner. Cloud computing augments the 
risk of data compromise, because of the large number of parties and 
architectures involved, consequently the number of access points are 
increased. In such a situation if data control is assigned to the cloud, the risk 
of data compromise increases because data may be accessible by an 
increased number of parties. Sometimes the content of user’s storage might 
be stored by a single or multiple cloud service providers. Thus organizations 
sharing their information on the cloud face confidentiality issues as well [13].    

x AVAILABILITY: System availability is the capacity of any system to 
continue functioning even when misbehaviours by authorities take place. The 
system must continue operate even during security breach circumstances. It 
includes availability of software, data, and hardware to be available for 
authorized users upon demand. Cloud computing depends on ubiquitous 
network availability so that users hardware infrastructure needs to be 
leveraged. Therefore, the network is loaded with data retrieval and 
processing. The service provider must guarantee the availability of 
information and information processing to clients when demanded, because 
cloud services are heavily depend on network availability and resource 
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infrastructure. The cloud architecture should be multi-tier, support load-
balanced application instances and be able to run various servers. It should be 
resilient to hardware and software failures and denial of service attacks [15].     

x DATA ACCESS: Data access is about security policies provided to the user 
during data access. Business organizations use cloud provided by a provider 
to carry out their business processes. Assuming that an organization has its 
own security policies about data access such as which employee can access 
what sort of data, as there might be employees not allowed accessing certain 
sets of data, security policies must be enforced by the cloud to prevent data 
intrusion from unauthorized users. Therefore, the provided service must be 
flexible enough to integrate policies forwarded by the organizations. 
Organizational boundaries need enforcement in the SaaS model amongst 
organizations sharing cloud, because each will forward different security 
policies regarding data access [14]. 

x DATA BREACH: Often various users and business organizations share the 
same cloud to store their data, thus any breach to the cloud environment can 
potentially attack all clients data. This makes any cloud environment a 
valuable target. Even though cloud computing providers can claim to provide 
better security procedures than traditional mean, yet the risk of intruders is 
still high. Because insiders still have access to data but in different way. 
Although insiders may not be able to directly access any databases, this 
cannot guarantee against insider breaches which can have severe impacts on 
cloud security. Insiders have access to a lot of data and one breach can be 
enough to disclose client information [13].Moreover, the International 
Standard Organization (ISO) has a model which defines five functional areas 
for network management: Fault management, Configuration management, 
Accounting management, Performance management, and Security 
management (FCAPS) [8]. Although FCAPS is a standard and 
straightforward model for network management, there seems to be 
differences when normal network management is compared to network 
management in the cloud environment. In order to provide a clear insight, 
functional areas are separately compared in both normal network 
management and cloud computing network management. Firstly for fault 
management in normal network management, there is information about 
faults and their types and there is a need for the initial cost of physical 
hardware, but in the cloud computing environment the client has no 
information about fault occurrences and there is no need for the initial cost of 
hardware [8]. Secondly in configuration management for normal 
environment, everyday operations are controlled and monitored, coordination 
of hardware and programming changes. New programs, adjustment of 
existing, and the elimination of outdated systems and programs are also 
coordinated. But in cloud environment the responsibility of all daily 
operations including control and monitoring are delegated to a vendor and 
both hardware and software modifications are automatically coordinated. For 
new programs, adjustment of existing ones or deletion of outdated ones are 
all automatically aligned.  

Thirdly the role of accounting management in normal network management is to 
distribute resources among users, reduce or minimize operation costs via the 
effective use of system availability and ensure appropriate billing for users. While in 
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cloud computing resources and services are distributed among clients and the client 
is not responsible for any operational costs. It is a pay per use fashion and the client 
is charged for used storage, bandwidth and processing power. Moreover for 
performance management, performance is not flexible in a normal network but still 
full performance log and data can be accessed, and analysis can be performed when 
needed. However network in cloud environment has a flexible performance with 
limited access to performance data collection and performance is consistent. Finally 
security management in normal network management is responsible for the 
network’s physical security. Security breaches can be analyzed and reported, and 
security alerts may be provided. However in cloud environment, security is managed 
by vendor and only the cloud provider has physical access. Security breaches might 
not be reported, and no security alerts provided. From these differentiations in both 
normal network management and network management in cloud environment, it can 
be concluded that FCAPS is still limited in its capacity to address all management 
tasks even in normal network management, yet it is more difficult to imply it on 
network management in cloud computing.     

4. RECOMMENDATIONS 
 

Network management in cloud computing remains a crucial aspect requiring 
detailed attention from both client and vendor. Despite relinquishing much of the 
physical control and management to the vendor, it is highly recommended for clients 
to assume their share of responsibility and oversight in respect to network 
management. Some key recommendations for improving network management in 
cloud computing are: 

x Managing network traffic is key to improving network performance (who is 
using it, how much they are using, and what they are using it for) to assess 
the impact on the performance of business critical apps and services.  

x Monitoring your network performance is paramount, excess latency or jitter 
can have significant negative impact on service availability and performance.  

x Utilize Quality of Service (QoS) for multitenant networking to accommodate 
the needs of users with different QoS requirements.   

x Both client and vendor should keep track of configuration changes when 
made for auditing purposes and a clearer oversight. 

x Documenting how network configuration changes is important as it allows 
the client to know how a device is currently configured and how it was 
configured. Past configurations can often help in troubleshooting should a 
problem occur after specific changes have been implemented; current 
configurations are important should a device fail. 

5. CONCLUSION 
 

Cloud computing is a new computing paradigm promising many potential 
benefits especially in eliminating the initial cost in the present day's fluctuating 
economic situation. Similar to other new technologies cloud computing has a 
weakness in terms of security issues. However there ought to be appropriate 
solutions to tackle these weaknesses in order to utilize this computing architecture. 
Since clouds are hosted and managed by vendors, there ought to be more 
collaboration between clients and vendors. Clients can help by managing equipment 
on their premises and on the other end it is the vendor’s duty to ensure that the end 
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applications are functioning well. An end to end management of the cloud 
infrastructure requires collaboration of both client and vendor to achieve a high level 
fault and configuration management automation. Moreover standards are required 
for measurement of cloud computing and other standards to guarantee quality of 
service in cloud. Training and educating staff is also helpful to make personnel 
aware of the latest trends, developments and issues in cloud computing. Current 
research has achieved different ways of securing cloud environment such as using 
cryptographic techniques for securing data, and it is expected that new researches 
will continue to address standardization issues more. 
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ABSTRACT 

In opportunistic networks (OppNets) nodes are only intermittently connected and 
there is no existing end to end path between the sender and the receiver. 
Disconnections among the nodes are considered as norm, not exception. Mobile 
objects exploit direct contact for message transmission without relying on an 
existing end to end infrastructure, therefore in such circumstances routing is 
considered to be a challenging issue. This paper reviews the main routing 
approaches in OppNets and the algorithms laying in each approach: context-
oblivious, mobility-based, and social context-aware routing. Context-oblivious 
routing contains flooding algorithms that route blindly. The mobility-based 
algorithms exploit node mobility information and patterns to make forwarding 
decisions. Social context-aware protocols, besides exploiting a nodes mobility 
information, also consider the social aspect of each node as an important parameter 
to route messages. The first section of this paper briefly introduces the concept of 
OppNets and its routing approaches. The three subsequent sections cover the three 
main routing categories by looking at individual algorithms that lay in each class and 
how they work. The fifth section compares and evaluates the categories against each 
other and considers the ideal circumstances for each protocol. The final section 
draws conclusions covering the major protocols of each class. 
 
Keywords: Opportunistic Networks, Routing in Opportunistic Networks, Routing 
Protocols.    

 

1. INTRODUCTION 
 

OppNets are made with an assumption that people, animals or devices are 
carrying mobile devices without depending on existing network topology. 
Disconnections and mobility in OppNets are considered the norm, not exceptions, 
unlike the internet[1]. The main challenge in OppNets is how to route messages 
from their source to their destination, when the end-to-end link is absent or does not 
exist during transmission. During node mobility, when nodes come close to each 
other, devices can create a small mobile ad hoc network. This might not last for a 
long time, since nodes may be frequently isolated from each other. In other words 
nodes are only intermittently connected to each other, and this can change 
dynamically with time. End-to-end paths can only exist when the sequence of 
connectivity graphs over time intervals overlap. This implies a message can be sent 
over an existing link which might not last for long. Sometimes end-to-end 
connectivity between both the source and the destination nodes is absent during 
message transmission. Thus the message is buffered at the next hop waiting for the 
next link to come up; this is repeated until the message reaches the destination node. 
This is known as a store-carry-forward routing pattern and has imposed a new model 
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of routing in which forwarding decisions are made locally, and future connectivity is 
to be predicted. In brief, OppNets use mobility as a technique to enable 
communication between disconnected nodes [1]. Hoang & Silvia[2] state that 
routing schemes in OppNets should provide reliability even when network 
connection in intermittent or end-to-end connectivity is temporarily absent. Since 
communications exist arbitrarily in OppNets and without prior knowledge, 
circumstances dictate that neither scheduling routing, nor mobile relay approaches 
can be implemented. Nonetheless, in these circumstances, flooding based protocols 
seem to be the best option. However, this scheme can be costly in terms of energy 
consumption and traffic overheads. Routing performance improves when 
information on network topology and nodes mobility patterns are exploited for 
taking forwarding decisions: that is the context information of the networks. Context 
information can include a variety of parameters based on distinct protocols. It can be 
a nodes mobility patterns, the communities which they belong to, or a nodes 
occupation information such as workplace, professing and so on. In the following 
section this paper provides detail review of the primary routing protocols in OppNets 
from blindly routing approaches to intelligent ones. Thereby critically reviewing and 
comparing routing in OppNets in three ways: context-oblivious routing, mobility-
based routing and social context-based routing.     

 
2. CONTEXT-OBLIVIOUS ROUTING 
 

The context-oblivious routing category comprises of flooding based algorithms, 
where the algorithms route blindly, or sometimes with techniques to control the 
flood. In flooding based routing, a source node sends a request packet to all outgoing 
links. Each node then receives a request packet and forwards the packet to its 
outgoing links, except the node equivalent to the incoming link where the packet 
originally came from. Request packets may arrive to the destination taking different 
route at a different time. Routing protocols in the context-oblivious category 
generates high overheads and leads to network congestion. Flooding based routing 
technique is advantageous due to the simplicity of finding a route, especially as it 
has the lowest delay ratio for connection requests as it does not require any 
information regarding network topology or context information. Yet in contrast, it 
causes network congestion due to the large number of control packets in the control 
channels. In addition, flooding based routing is costly in terms of memory and 
energy consumption, as it floods all the nodes across the network. However, 
performance remains of the utmost importance in OppNets due to device constraints.  

 
Epidemic protocols are the classic example of algorithms in this class, where 

nodes in the network contact each other and perform a pairwise exchange of 
information to deliver the message to the destination. In this routing scheme, when a 
node receives a message, it forwards a copy of it to all encountered nodes. The 
mobile nodes spread the message all over the network and eventually all the nodes 
have a copy of the same message. This algorithm does not supply delivery 
assurance, yet it is believed to be the best approach to reach the destination node [3]. 
Epidemic algorithms detect the optimal path for message delivery to the destination 
when there is an adequate node buffer and bandwidth for communication between 
the nodes. This is due to the capability of the epidemic scheme to explore available 
paths for message delivery and enable redundancy to avoid node failures [4]. There 
are some attempts to address this issue. One way is to use a hop counter, in each 
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packet’s header and decrement it at every hop, when packet counter become zero, it 
has to be discarded. Another way is to set Time To Live (TTL) on every packet 
similar to an epidemic algorithm. Epidemic routing adjusts basic flooding to mobile 
OppNets, where each node has a list of messages it carries to be delivered. When a 
node encounters another, they exchange the messages they do not have in common, 
this way messages spread to all the nodes across the network. The packet is 
delivered to its destination when one of the nodes carrying a copy of the message 
first meets the destination node. The packet continues to be copied from one node to 
another until its TTL expires. Another flooding based technique is network coding 
scheme. In this scheme, a message to be transmitted is transformed to another format 
before transmission. The design of the coding based scheme embeds additional 
information within the coded blocks to enable the reconstruction of the original 
message when delivered. Unlike to other schemes, which depend on the successful 
delivery of entire blocks, this scheme considers a delivery to be successful when a 
sufficient number of blocks have been transmitted to rebuild the original data. This 
scheme is more robust in conditions where network connectivity is very poor, such 
as in the worst performance delay situation, but less efficient when the network is 
well connected and delay performance is very low [2].  

Spray and Wait is another method for routing in sparse networks which is a 
controlled replication. In this approach a small number of message copies are 
distributed to some relays. Each relay carries the message until it encounters with the 
destination node or the TTL of the message expires. This scheme explores the sparse 
network efficiently with specific number of relays in parallel to the destination with 
a low resource usage per a packet [2]. This algorithm consists of two phases, spray 
phase and wait phase. In the spray phase the source node forwards L copies of the 
message to the first L encountered nodes. Then it reaches the wait phase, waiting for 
the delivery confirmation. In this phase all nodes that received a copy of the message 
wait to meet the destination node directly to deliver data to it. When data is delivered 
to the destination node, delivery acknowledgement is sent back via the same method. 

3. MOBILITY-BASED ROUTING  
 

Routing protocols in the mobility-based class of OppNets exploit node mobility 
information and patterns to make forwarding decisions. The effectiveness of routing 
in OppNets is highly dependent on node mobility. It has been proven that ad hoc 
networks performance in message routing is improved with node mobility, 
especially when efficient routing techniques are deployed [2].  Routing in the 
mobility-based routing class comprises of various protocols. Protocols that lay in 
this category exploit context information such as mobility patterns and places nodes 
often visit. Thus availability of context information is vital for algorithms, since that 
is what they base their forwarding decisions on. The protocols that fall in this 
category are Probabilistic Routing Protocol using History of Encounters and 
Transitivity (PRoPHET), Meeting and Visits (MV), Moby-Space, Bubble Rap, 
MaxProb and Context-aware Adaptive Routing (CAR). PRoPHET is the evolved 
version of epidemic algorithms, introducing the concept of delivery predictability. 
This algorithm is similar to epidemic in its manner of functioning when two modes 
meet as it exchanges its vector summary identically to an epidemic algorithm. 
Additionally they also exchange another piece of information which is their 
probabilistic metric delivery predictability [5]. Lindgren et al. reject the concept that 
node movement is random. Instead they claim that node movement can be predicted 
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according to its repetitive behavior pattern.  For instance a node having already 
visited a location for several times, it is more likely to visit that location again. MV 
exploits information on node mobility patterns and places nodes repeatedly visit. It 
also explores information regarding meeting with peer nodes and locations they 
visit. The information on meetings and visiting places is stored in each node and it is 
used to estimate probability of message delivery [6]. MV realizes meeting frequency 
between nodes, in which nodes remember their paths (visits), as well as other nodes 
they met along the way. Each node saves a variable for the nodes they have 
encountered indicating the likelihood of delivery to that particular node. When node 
A meets B directly, they set the delivery probability for each other to 1 and 
eventually synchronize their set of variables.  The delivery probability decreases in 
time, and is refreshed occasionally when meeting other nodes with higher 
probability. If A meets B again, synchronization takes place again and their delivery 
predictability is reset to 1. Message selection for forwarding is based on the 
probability of an encountered node to successfully deliver a message to its 
destination. Hoang & Silvia [2] believe that delivery probability depends on 
previous observations of both meetings between the nodes and their visits to specific 
geographical locations. The Moby-Space algorithm explores node mobility patterns 
as context information. It uses a multidimensional Euclidian space to represent 
possible contact between two nodes on each axis. The probability of contact to take 
place is measured by distance along the axis. Nodes close to each other in Moby-
Space have similar sets of contacts, and the best node for forwarding the message is 
the one which is as close as possible to the destination node in this space [1]. Bubble 
Rap exploits context information assuming nodes belong to social communities [7]. 
This algorithm prefers nodes that belong to the same community of the destinations 
as good forwarders. In case the preferred node is not found, the message is then 
forwarded to an increasingly sociable node with a higher probability of contact with 
nodes belonging to the same community as the destination node. Communities are 
automatically detected and labeled through the contact patterns existing among the 
nodes.  

 
MaxProp is used by nodes to schedule packet transmissions to their peers in order 

to find out which packet to delete when their buffer space is nearly full. Packet 
scheduling determines the path likelihood to other peers according to historical data. 
This algorithm uses other complimentary mechanisms such as acknowledgements, 
head-start for new packets, and lists of previous intermediaries[8]. This algorithm 
also exploits some context information such as frequency of meeting between the 
nodes and frequency of visits to specific physical locations. The Context-aware 
Adaptive Routing algorithm uses Kalman filters to combine and evaluate various 
dimensions of the context to make routing decision. The context is based on a 
measurement performed by nodes periodically which sometimes relate to 
connectivity.  The multi-attribute framework defined by CAR encompasses context 
information regarding the rate of connectivity change, a neighbor node’s delivery 
probability to the destination, and device related information such as battery life [6]. 

4. SOCIAL CONTEXT-BASED ROUTING 
 

The Social context-aware routing technique produces a way to overcome the 
process of routing that leads to delays in the OppNets and the probability of 
information could reach the destination is very low that occur due to the inconsistent 
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mobility network. This technique is different from the previous techniques in 
opportunistic routing because it keeps exploiting the context information of the users 
similar to mobility-based class, but it creates the relationship by exchanging context 
information between the nodes to achieve end to end communication. The 
relationship plays an important role between nodes; their interaction will result in 
sending information to the destination. It is a very general approach because the 
algorithms that lie in this technique can actually work in any environment according 
to their needs. In this approach routing algorithms search for those peers that have 
similar attributes so the message can be delivered to the destination. This technique 
eliminates flooding routing which is used in context-oblivious routing, which leads 
to congestion in bandwidth and exposes high utilization to the network. In social 
context-aware routing only the content information is sent to the neighbor who has 
the highest probability to send the message further to the desired destination [7]. 

 
A History Based Routing Protocol for Opportunistic Networks (HIBOp) is one of 

the algorithms in context-aware class of routing. The main purpose of this routing 
technique is to collect and manage the context information and create a way through 
which the user can interact and create a relationship with every user. It keeps the 
entirety of the users information in order to produce end-to-end messages. HIBOp 
maintains pairs of attributes for exposing any node in the network and these details 
are stored in the identity table. The node's information is then used to achieve end-
to-end communication. The HIBOp believe in the automatic methodology used to 
gather and manage the context information, and nodes share their information with 
each other when they meet with other nodes. Thus every node has all context 
information regarding the past and updated information of each node, allowing the 
interaction and message sending becomes easier. HIBOp gives idea three types of 
tables for the context information of users. The first one is the identity table in which 
the node's own attributes and features are stored like name, address, and city. 
Secondly, the current context table that indicates data regarding the neighbors of the 
user or node and makes a combination of the set of identity tables. Current context 
tables provide the most up to date story of the table of users in the networks. The 
third table is the history table that shows the idea of past information of the node [9]. 
HIBOp route the messages in a way where there is a correlation between attributes 
of the destination nodes and the information of each node. When routing occurs if 
the peer shows that the attributes it contains are the highest matching in the identity 
table attributes, then this peer or node can directly send the messages to the 
destination. But, if the attributes match with current context table and the history 
table then it shows that peer is no more than a good forwarder. Higher matches also 
depend on the attributes, because not all the attributes are equal. For example ‘home 
addresses’ will show high probability towards the destination rather than the ‘city’ 
attribute in which both sender and receiver may exist. That’s why HIBOp introduces 
a weight system to each attribute [10]. 

The Probabilistic Routing Protocol for Intermittently Connected Mobile Ad hoc 
Network (PROPICMAN) algorithm is another class of social context-aware routing 
approach. This algorithm is based on the context information, permitting the sender 
to select the neighbor through which the message has the highest probability of 
reaching the destination. Routing protocol traditionally forwards the message in a 
simple way, choosing the neighbor that has the best path to the destination. 
However, due to the arrival of mobility routing and opportunistic routing networks, 
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the routing behavior have been changed. There are some goals of the PROPICMAN 
algorithm which include distributing the information opportunistic routing, in a 
probabilistic manner, efficiently [11]. It minimizes the amount of resources 
consumed in sending any information and maximizes the percentage of messages 
that are delivered to the destination. To handle this task the utilization of the 
probability of nodes is required so that it can reach the destination. In this algorithm 
the sender does not carry any information regarding other nodes. It only knows the 
decision that is to be taken against the routing for the destination. PROPICMAN 
treats the user profile as a very flexible element, so the attributes of the user profile 
are called evidences. In the PROPICMAN algorithm if the sender wants to send the 
data the sender must have attributes regarding its destination node, for reaching the 
destination the algorithm must create some strategy to select the best forwarder to 
the destination. To implement the strategy the sender must have some attribute-
related information of the destination profile. From the evidences or attributes the 
sender builds the message header. Then this header is sent to each neighbor node. 
Each neighbor receives it and compares it with all values. All the nodes will inform 
their matching elements and weight of attributes. From this point the highest 
probability node will be obtained, through which the message could be sent to the 
destination [11].  

 

5. COMPARISON  
 

Context-oblivious protocols provide a very good delivery ratio, with low delay 
and are easy to implement, but at the cost of excessive transmission. Something that 
leads to high network congestion and resource consumption. They are a wise choice 
in circumstances where network congestion and resource consumption are not 
constraints, and where information on nodes mobility patterns and network topology 
cannot be exploited. On the one hand, the mobility-based protocols are more suitable 
in circumstances where device and network bandwidth are important constraints. On 
the other hand, they are more difficult to implement and often provide an average 
delivery ratio. They are particularly useful when device constraints and network 
traffic are taken into account. Mobility-based protocols are better for conditions 
where information regarding network topology and nodes mobility patterns are 
available, given that routing performance improves when information about network 
topology and node behavior are efficiently exploited. Finally, the social context-
aware class is suitable when a node's social behaviors are known and where memory 
and bandwidth are important constraints. The table below summarizes and compares 
the various routing protocols in context-oblivious, mobility-based and social 
context-based routing protocols in OppNets. 
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TABLE 1.  
Comparing Routing Protocols in Opportunistic Networks 

 
 Algorithm Decision based on Disadvantages Advantages 

 
C

O
N

TE
X

T-
O

B
LI

V
IO

U
S 

 

Flooding 
 
 
 

Route blindly or sometimes 
with techniques to control 
the flood. 
 
 

Network congestion, 
consumes memory, 
energy. 
 
 

High delivery ratio. 
 
 
 

Epidemic 
 
 
 

Forwards a copy of message 
to all encountered nodes. 
 
 

No delivery assurance 
 
 
 

Detects the optimal 
path for messages 
delivery. 
 
 

Spray & 
Wait 
 
 

Distributing message copies 
via relays  
 

Excessive transmission   
 
 

Delivery 
acknowledgement  
 

 
M

O
B

IL
IT

Y
-B

A
SE

D
  

 

PRoPHET 
Probability obtained from 
previous meetings High message overhead 

Moderate delivery 
ratio. 

MV 

Encountered node can 
successfully deliver to 
destination  

Excessive buffer space 
usage  Good link capacity,  

MobySpac
e 

Forwarding is done to nodes 
with similar mobility 
patterns to the destination 
node  

High bandwidth 
consumption    

Good delivery ratio, 
moderate delay 

Bubble Rap 

Nodes belonging to same 
community of destination 
node 

Message delay with 
excessive cost 
 

Low overhead 
 

CAR 
Node’s delivery probability 
to  the destination 

Low prediction 
accuracy when context 
information is 
unavailable  

Efficient with context 
information  

MaxProp 

Previous node meetings and 
updated route estimation  
 

High processing cost 
 

Efficient buffer 
storage, delivery 
acknowledgement 

 
SO

C
IA

L 
C

O
N

TE
X

T 

HIBOp 
 
 
 

Shares information when 
meet with other nodes 
 
 

Network congestion 
  
 
 

Moderate delivery 
ratio 
 
 
 

PROPICM
AN 
 
 
 

Forwarding to the node with 
the best path to the 
destination 
 
 

High message overhead 
 
 
 

Minimum resources 
consumption 
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6. CONCLUSION 
 

This paper provides a review on routing in OppNets and how routing decisions 
are taken on the basis of assumptions rather than relying on an existing network. The 
main challenge is transmission on a consistent basis instead of occurring on an 
intermittent basis. To cover up the challenge of sending messages to the destination 
without the existence of communication between them, opportunistic routing 
techniques are used to stabilize the communication between the nodes. These 
techniques provide reliability even when there is no connectivity. During the 
forwarding phase, if the context information about the network topology is 
exploited, routing performance improves. This review focused on the study of the 
primary routing protocols and how routing is improved from naïve in context-
oblivious to intelligent in mobility-based and social context-aware. The protocols of 
each class of OppNets is reviewed and covered in detail. Context-oblivious 
techniques have been discussed, in flooding approach messages are forwarded to all 
nodes except the incoming. This shows that flooding is simple approach in finding 
the routes, but due to that, network congestion from controlling packets and routing 
heightens energy consumption. Epidemic routing approach is classic example in 
which nodes update all encountered nodes with a copy of the message, but it does 
not provide delivery status. For the detection of the optimal path in epidemic 
routing, a hop counter is introduced in the header of the packet and it decrements at 
every hop and discarded when it reaches zero. The other approach is TTL, where 
only uncommon messages between the nodes are exchanged and spread to the other 
nodes. The network coding scheme is very useful where there are delay situations in 
the network as actual messages have to be transformed before transmission to the 
destination. Multiple copies of the messages are distributed and the message is 
copied until received at the destination node.  

 
Several techniques in mobility-based routing were reviewed and consequently 

effective routing is very much dependent on node mobility in this class. Through 
mobility-based routing, network performance is improved whenever their techniques 
are applied in the network. Basically mobility-based protocols exploit context 
information and the availability of context information is crucial. PRoPHET is quite 
similar to epidemic in forwarding, but it differs when the nodes exchange their 
probabilistic metric. The other technique, MV, also exploitats the context of a node's 
visit and information on a node's visit to locations. In Moby-Space similar 
techniques are applied, and the best node was the one which is closest to the 
destination node. Bubble Rap prefers nodes belonging to the same community of the 
destination node and is the best node to forward the message to the destination. The 
last class, social context-aware, has two protocols: HIBOp and PROPICMAN. These 
approaches are used to overcome delays due to the inconsistent mobility network. 
The main purpose of both protocols is to collect and manage the context information 
and to exchange the same information amongst the nodes. Social context based 
routing is a new approach and it requires more attention. The first section of this 
paper briefly introduced the concept of OppNets and its routing approaches. The 
three subsequent sections covered the three main routing categories by looking at 
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individual algorithms that lay in each class and how they work. The forth section 
compared and evaluated the categories against each other and considering the ideal 
circumstances for each protocol. The final section draws a conclusion covering the 
major protocols of each class. 
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ABSTRACT 

In this paper, error performance analysis of two-way cooperative communication 
system with decode-and-forward (DF) relaying is examined over frequency selective 
Rayleigh fading channels. It is considered that all the nodes in the system are 
equipped with two antennas. Zero forcing, maximum likelihood, minimum mean 
square estimator receiver are employed at the nodes. As mapping method Binary 
phase-shift keying (BPSK) is used. The end user node’s bit error performance is 
studied. The system is simulated. The simulation plots are provided. The results 
show that for BPSK mapping maximum likelihood receiver produces better bit error 
rate performance. 

Keywords: Two-way DF relaying, Rayleigh-m fading channels, MIMO, BER 
performance. 

 

1. INTRODUCTION 

Digital communication over wireless channels increases every day. Recent works 
enabled wireless network data transmission speed over Gigabit per second rate. Even 
though these achievements satisfy majority of users, the wireless communication has 
some disadvantages too. As an example, if a device is located far away from an ad-
hoc hub or there are some obstacles between the wireless devices, the 
communication can be problematic. Actually, it may not connect the network due to 
very weak signal reception power. For a possible solution it is considered that any 
other wireless device between the hub and the destination can help which is a two-
way communication (TWC) [1]. When there is no direct connection or signal is very 
weak, other devices located at midway receive signals, process and forward to the 
destination. This in-the-middle device is called as relay. When there is not a fixed 
relay device and each device is also relay to other systems, it becomes a cooperative 
network. TWC is one type of cooperative relaying. In contemporary TWC, physical 
layer network coding (PNC) is used [2]. PNC significantly increases the capacity of 
the transmission by reducing time slots required to exchange information down-to 
two time slots. 

In cooperative two-way relaying, the data processing method at relay device 
names the type of used protocol. The two general cooperative protocols are; amplify 
and forward (AF) and decode and forward (DF). AF uses the available channel 
knowledge to amplify the received signal. The amplified signal is then sent to the 
destination. In DF, the received signal is first decoded then the decoded bits are 
mapped into symbols again and retransmitted to the destination [3], [4].  
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 The cooperative system is also known as virtual multi-input multi-output 
(MIMO). It is well-known fact that when the received signal to noise power is low 
or the signal is distorted badly due to frequency selective fading, the bit error rate 
(BER) performance becomes very low. MIMO provides spatial diversity by 
employing more than one antenna at transceivers [5]. Spatial diversity significantly 
increases the system BER performance without having extra power or bandwidth 
cost. MIMO cannot be used in small size devices due to lack of spaces required to 
locate antennas. Antennas must be spaced such that one can make sure there is no 
correlation on the received signals at different antennas. Since this space cannot be 
provided, MIMO is not applicable to the small electronic devices. When there is a 
chance of using MIMO, the cooperative system can be employed. In CS, the 
wireless devices let their resources cooperate in order to create a virtual MIMO. 
Modern systems combine the power of MIMO with virtual MIMO [6], [7]. That is to 
say that a device can be a part of MIMO as well as a cooperative system.  

The different versions of MIMO are; single-input multiple-output (SIMO), multi-
input single-output (MISO). SIMO is the same with receiver diversity and MISO is 
used instead of transmitting diversity. The transmitting diversity is realized with the 
help of Alamouti code [7]. Signal combining technics employed at the receiver side 
leaded the diversity as a rather useful option. Selection combiner, maximum ratio 
combiner, and equal gain combiner are three well-known combining techniques [8]. 

The recent studies combine MIMO and CS to employ a different type of receiver. 
In [9], zero forcing receivers in MIMO two-way system is examined. In [10], 
MMSE receiver is examined only in MIMO two-way system with three phase 
communication. There is a need to compare the BER performance of the different 
type of receivers and to the best of our knowledge, it lacks on comparing zero-
forcing, MMSE and ML in MIMO two-way decode and forward with PNC. Hence, 
in this study, we examined the MIMO-based two-way DF with PNC systems’ bit 
error rate performance for three well-known receiver types [11].  

The rest of paper is organized as follows. The next section, introduces a system 
model in which the receiver models of MIMO and CS protocols are given. Section 
III discusses simulation results and in the last section the work evaluation is given as 
conclusion. 

 
2. THE SYSTEM MODEL 

 
We consider three computers as computer one as the Transmitting computer (C1), 
computer two as the Relaying computer (CR) and computer three as the receiving 
computer (C3). This can be in reverse order too. Actually, all the computers do 
receive and transmit but to make it simple to explain we choose it as given. C1 has 
to communicate C3 through CR. CR receives the signal from C1 and forwards it to 
C3 by using DF protocol. This is given as in Fig.1. CR is the relaying computer and 
uses DF protocol. The system model is given as in Fig.2. As seen in the figure, DF 
will digitize or restore the signal back to original state and if the distortion on the 
signal is not much, the signal will be completely restored. 
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FIGURE 1. The System Model 

 
In the first time slot, C1 and C3 broadcast to CR and in the second time slot CR 

broadcast back to C1 and C3. C2 separates two signals with PNC. In this example, 
we consider each computer has a wireless transceiver with two antennas. 

 
FIGURE 2. DF Protocol 

 
Assuming a photo is to be transmitted, it will be converted to bits and mapped 

with binary phase shift keying (BPSK). The BPSK symbol vector is given as Xn = 
{x1 , x2 , ..., xn }. 

The symbols of message signal Xn is sent the transmitter antennas at C1 two by 
two. That means at the first time interval x1, x2 and at the second time interval, x3, x4, 
and so on. Since each computer has two antennas, between any two computers, there 
are available four channels. This can be shown as in Fig.3 where, for example, h11 
means the channel between the first antenna of CR and the first antenna of C1. In the 
following, all the channels hij coefficients (the one causes distortion effect on the 
signal) have Rayleigh distribution with probability density function of  

𝑝(𝑧) =
𝑧
𝜎2 e

− 𝑧
2𝜎2

2

, 𝑧 ≥ 0 
and 𝑛𝐶𝑖𝑖𝑗 is the independent and identically distributed additive white Gaussian noise 
with normal distribution. 
 

 
FIGURE 3. Two-way with MIMO with each node having two antennas 
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The received signal at first antenna of CR from C1 can be written as 
 
 𝛾1 = ℎ11. 𝑥1 + ℎ12. 𝑥2 + 𝑛𝐶111 (1) 
 

The received signal at second antenna of CR from C1 can be written as 
 
 𝛾2 = ℎ21. 𝑥1 + ℎ22. 𝑥2 + 𝑛𝐶121 (2) 
 

(1) and (2) can be put in matrix notation as 
 

 [
𝛾1
𝛾2] = [ℎ11 ℎ12

ℎ21 ℎ22
] [
𝑥1
𝑥2] + [

𝑛C1_1
𝑛C1_2] (3) 

 
The received signal at first antenna of CR from C3 can be written as 

 
 𝜆1 = 𝑔11. 𝑦1 + 𝑔12. 𝑦2 + 𝑛𝐶311 (4) 
 

The received signal at second antenna of CR from C3 can be written as 
 
 𝜆2 = 𝑔21. 𝑦1 + 𝑔22. 𝑦2 + 𝑛𝐶321 (5) 
 

(4) and (5) can be put in matrix notation as 
 

 [𝜆1𝜆2
] = [

g11 g12
g21 g22] [

y1
y2] + [

nC3_1
nC3_2] (6) 

 
The signal sum up at antennas of C3 given as 

 

 [ℎ11 ℎ12
ℎ21 ℎ22

] [
𝑥1
𝑥2] + [

g11 g12
g21 g22] [

y1
y2] + [

n1
n2] (7) 

 
The C3 can separate the signals with PNC. Hence, the obtained signals re-

encoded and send to the destination. The destination is used to indicate C3 if the 
sender is C1 or vice versa. The arrived signal from C1 at C3 can be given as 
 

 [�̂�1
�̂�2
] = [

𝑔11 𝑔12
𝑔21 𝑔22] [

�̂�1
�̂�2
] + [

𝑛C31
𝑛C32] (8) 

 
where we assume the channel g𝑖𝑗 is stable for two time slot and �̂�𝑖 represent the 

re-encoded symbols sent from C1. 
Below three most used receivers models are explained by decoding received 

signal at the destination. 
 
A. ZERO FORCING RECEIVER 
 

The receiver at the relaying computer has the data sent from C1 and separated 
from the one C3 can be given, in short form, as 𝛾 = 𝐻𝑥 + 𝑛. The pseudo inverse of 
H is given W = (HH H)−1 HH where 
 



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016 

 

158 
 

 𝐻𝐻𝐻 = [
|ℎ11|2 + |ℎ22|2 ℎ∗11ℎ12 + ℎ∗21ℎ22

ℎ∗12ℎ11 + ℎ∗22ℎ21 |ℎ12|2 + |ℎ22|2
]  

 
where the off-diagonals are not zero, hence zero-forcing can experience noise 
amplification ((.)H is hermitian operator). 
 
                       𝛾 = (𝐻𝐻𝐻)−1𝐻𝐻𝐻𝑥 + (𝐻𝐻𝐻)−1𝐻𝐻𝑛 = 𝐼𝑥 + �̃� = �̃�                      (9)  
 
 
In (9), �̃� is estimated symbol at the relaying computer. �̃� is sent to the destination 
terminal. The received symbols at the destination are given as �̃� = 𝐺�̃� + 𝑛. The zero 
forcing receivers is used once again at the destination and the estimated symbols can 
be given as 
 
 �̃� = (𝐺𝐻𝐺)−1𝐺𝐻𝐺𝑥 + (𝐺𝐻𝐺)−1𝐺𝐻𝑛 = 𝐼�̃� + �̃� = �̃̃�  
 
B. MMSE RECEIVER 
 

The zero-forcing receiver may have poor performance due to noise amplification. 
This problem is handled in MMSE. Given that 𝛾 = 𝐻𝑥 + 𝑛 is the received at relay, 
MMSE minimize E{[𝑊𝛾 − x]. [𝑊𝛾 − x]H} where W = [HHH + N0I]−1HH which 
acts as zero-forcing receiver when the noise is zero. 
 

This gives the estimated symbol x̃ which is sent to the destination terminal and 
received again with MMSE receiver, given as γ̃ = Gx̃ + n. The MMSE receiver 
seeks to minimize E{[Wγ̃ − x̃]. [Wγ̃ − x̃]H} where W = [GH + N0I]−1GH and the 
estimated symbols  x̃̃ is found. 
 
C. ML RECEIVER 
 

The maximum likelihood receiver looks for 𝑥, to minimize 𝜖 = |𝛾 − 𝐻𝑥|. Since 
the BPSK is used, there are four possible options for 𝑥 which are 
[(1,1), (−1,−1), (1, −1), (−1,1)]. The ϵ for all values of 𝑥 is given as  
 

𝜖𝑋𝑖,𝑋𝑗 = |[
𝛾1
𝛾2] − [ℎ11 ℎ12

ℎ21 ℎ22
] [
𝑋𝑖
𝑋𝑗
]|
2
. 

 
The estimated transmit symbols are chosen based on min(ϵi,j) which is, for 

example, if the minimum is ϵ1,1, then the symbols [1, 1] are transmitted. 
The estimated symbols retransmitted again to the destination and received with 

ML as explained above. 
 
3. SIMULATION RESULTS 

 
In Fig.4, bit error rate performance of the proposed system for three receivers is 

given at relay station. There is also provided analytic results SIMO and SISO 
systems for comparison. It is seen that zero forcing performs like SISO which can be 
considered low performance taking into account that two antennas are located at the 
receiver. When we apply MMSE receiver instead of zero forcing, the performance 
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increases. The best results are offered by ML receiver. For example, the ML receiver 
shows 20 times better performance at 10dB. 

 

 
 

FIGURE 4. Three receiver’s performance at the Relay 
 

In Fig.5 bit error rate performance of the proposed system is given at destination 
station. The performance degrades for all receivers at D. The ML performance at 
20dB is 10−4 meaning that one-bit error in ten thousand bit which is in acceptable 
level. 

 

 
 

FIGURE 5. Three receiver’s performance at the Destination 
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The last figure shows the performance of relay and destination node together for 
giving perspective in performance degrading from relay station to destination 
station. In the figure, it is clearly seen that ML in MIMO with 2 by 2 antennas can 
achieve the SISO direct transmission.  

 
4. CONCLUSIONS 

 
Two-way communication system with MIMO is implemented over Rayleigh 

fading channels where we have assumed each node has two antennas. 
 

 
 

FIGURE 6. Three receiver’s performance at the Relay and Destination 
 
By employing MIMO, first of all the data transmission speed is doubled since two 

antennas send two different symbols for a given time. Considering the ML 
performance at the destination, it is seen the last station will have the bit error rate as 
low as a relay station of SIMO system with the diversity order of two. This shows 
that by employing MIMO, two-way communication can offer a healthy 
communication for a node which cannot receive service directly. 
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ABSTRACT 

The utilization of recycled materials in the production of concrete could enhance 
sustainability of concrete. This study aims at examining the influence of using 
recycled steel fibres (RSF) derived from post-consumer tyres on the mechanical 
performance of concrete. The examined properties included compressive strength, 
splitting tensile strength and flexural strength of concrete. Seven mixes: one plain, 
three with industrial steel fibres (ISF) and three with RSF were investigated. The 
results show that RSF can improve the mechanical performance of concrete. Mixes 
with RSF can exhibit comparable performance to that of ISF at the same fibre 
content or better performance when the fibre content is higher than that of ISF. The 
strength increase in the case of flexural and splitting tensile was higher than that of 
compressive strength.   

Keywords: Concrete, Mechanical properties, Industrial fibre, Recycled steel fibre.   

 

1. INTRODUCTION 
 
The increasing generation of massive quantities of waste materials is becoming a 

global sustainability and environmental issue the world is currently facing. The 
disposal of this waste leads to serious environmental concerns such as consumption 
of limited landfills area [1]. An example is the disposal of the post-consumer tyres. 
According to European Tyre Recycling Association [2], 300 million of  post-
consumer tyres are discarded each year in the European Union alone. Nonetheless, 
the impact of such environmental problems can be mitigated through the utilization 
of waste materials in the production of concrete.  

The utilization of recycled steel fibres (RSF) derived from post-consumer tyres in 
new constructions could enhance sustainability of concrete. This enhancement of 
concrete sustainability can be achieved through eliminating consumption of limited 
landfill areas and reducing energy consumption which in turn diminish the damage 
to the environment.  

It is well known that plain concrete is characterized by low tensile strength [3]. 
This has led to the use of reinforcing bars to enhance the structural performance of 
concrete. In some applications, in order to increase the mechanical performance of 
concrete and also for more cost-effective and less time of construction, fibre 
reinforced concrete (FRC) was developed [3], [4]. Replacing rebars by  fibres in 
reinforcing concrete reduces the cost and time of placing of the steel bars as well as 
decreases the depth of the section of concrete elements. In addition, fibres may 
enhance post-cracking (toughness) behavior, shrinkage, fatigue and impact 
resistance behaviour of plain concrete [3], [4]. Due to their high stiffness, randomly 
distributed steel fibres have been reported to improve the mechanical properties of 

mailto:khaleelyounis@epu.edu.krd
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concrete. Because of the random distribution of fibres in concrete, larger volumes 
(than rebar) are required in order to obtain the same performance as conventional 
reinforced concrete [3]. Thus, this in some cases leads to that the use of fibres, 
particularly industrial steel fibres (ISF), becomes uneconomical. Therefore, RSF 
recovered from post-consumer tyres have been put forward as a cheaper alternative 
to ISF.  

Many studies have been conducted on the effect of ISF on the mechanical 
properties of concrete [4-7]. However, few studies [8-10] can be found on the 
mechanical behavior of concrete with RSF. The first investigations on the 
mechanical properties of concrete mixes incorporating RSF derived from waste tyres 
were started at the University of Sheffield in early 2000 [9].  

The studies on the behavior of concrete with ISF reveal that the strength 
improvement due to adding ISF is not the same among compression, splitting tensile 
and flexural strength [11]. The presence of steel fibre (up to certain content) causes 
marginal increase in compressive strength. The observed strength increases are 
ranging from (6 - 15%). For tensile strength, higher strength improvement (20-40)% 
were reported [11]. Significant strength enhancement achieved in the case of flexural 
strength of concrete with up to 50 % strength increase [5], [11].     

This study is part of a research which examines the effect of utilizing RSF 
extracted from post-consumer tyres on the mechanical properties (compressive, 
splitting tensile and flexural strength), the post cracking behavior and shrinkage of 
concrete. In this paper, only the results of the mechanical behavior are presented and 
discussed. For comparison purposes the study includes mixes with ISF. 

 
2. MATERIALS AND EXPERIMENTAL PROGRAMME 

 
2.1 MATERIALS  

 
x CEMENT 

 
The type of cement used throughout this study was Portland Cement CEM I, 

meeting the requirements of BS EN 197 [12]. The chemical analysis of the cement 
(as given by the supplier) is shown in Table 1.  
 

TABLE 1. Chemical analysis of OPC 
 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O Na2Oeq 

20.96 4.97 2.86 65.9 0.78 2.8 0.24 0.43 0.52 
 

x AGGREGATES 
 

     The fine aggregate used in this study was sand with a maximum size of 5 mm.  
The coarse aggregate was rounded fully water-worn river aggregate with maximum 
size of 20 mm. 
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x FIBRES 

 
Two types of steel fibres were used in this study, one type of recycled and one 

type of industrially produced steel fibres. The properties of both types are described 
herein.  

Industrial steel fibres (ISF) from a cold-drawn process were used and they had a 
deformed shape as shown in Figure 1. The fibre length was 30 mm and the diameter 
was 0.5 mm. The fibres had nominal tensile strength of 1100 MPa.  

                                                                    
 

 
FIGURE 1.  Industrial steel fibres (ISF) 

 
The RSF utilized in this study were obtained by post-processing tyre wire derived 

from the mechanical processing of post-consumer tyres [13]. Recycled steel fibres 
with a diameter around 0.2 mm (see Figure 2a) and a tensile strength of around 2000 
MPa were used in this study. The recycled steel fibres had variable lengths ranging 
from 3-28 mm (5% of the fibres had length shorter than 3 mm and 5% longer than 
28 mm). The distribution of the length of RSF as determined using a specially 
developed image analysis technique is shown in Figure 2b. This technique was first 
developed by The University of Sheffield in the UK [14]. The sample utilized to 
obtain the length distribution contained more than 1150 fibres. 

 

     

FIGURE 2.   a- Recycled steel fibres (RSF) b- Length distribution of recycled steel 
fibres.  

 
x SUPERPLASTISIZERS 

 
Superplasticizers were used to achieve concrete with acceptable workability 

which was assessed using slump test. The superpalstizer used in this study was an 
aqueous solution containing polycarboxylate ether (PCE) polymers.  
2.2 MIX PROPORTIONS, VARIABLES  AND SPECIMENS PREPARATION 

 
Seven different mixes were prepared. The code of mixes and the variables of the 

study are shown in Table 2. All mixes prepared with the same water/cement (w/c) 
ratio (0.45).  The mixes can be divided into two groups according to the type of steel 
fibres used in the concrete mix (three mixes contain ISF and the other three mixes 
contain RSF) and a reference mix which was plain concrete. Fibres were added with 
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different contents as can be seen in Table 2. All mixes had the same quantity of 
cement (350 kg/m3), water (157.5 kg/m3) and fine aggregate (565 kg/m3), whilst the 
quantity of coarse aggregate used was 1270  kg/m3. Superplasticizers were added to 
all mixes with a content of 0.3 % of cement mass to achieve workability of 60-100 
mm slump. 

 

TABLE 2.  Code of mixes, variables of study 

Mix no. Mix code Fibre type  Fibre content %a 
Fibre mass (kg/ m3 of 

concrete) 

1 M1 - 0 0 

2 M2 Industrial 2 48 

3 M3 Industrial 4 96 

4 M4  Industrial 6 144 

5 M5 Recycled 2 48 

6 M6 Recycled 4 96 

7 M7 Recycled 6 144 
                              a By concrete mass. 

For each mix: three (100 mm) cubes, three cylinders (100×200 mm) and three 
prisms 100×100×500 mm, were cast. The concrete was mixed using a pan mixer and 
compacted using a vibrating table. After casting, the specimens were then covered 
by plastic sheets and allowed to cure for 24 hours before being demoulded. Then, the 
specimens were kept in water tanks for 27 days for further curing. 

 
2.3 TESTS 

 
x COMPRESSIVE STRENGTH TEST.  

The compressive strength was obtained at age of 28 days using the (100 mm 
cubes) and BS EN 12390-3 [15].  

x SPLITTING TENSILE  STRENGTH TEST.  
The splitting tensile strength was obtained at age of 28 days using the (100×200 

mm cylinders) and BS EN 12390-6 [16].  
 
 
 
 

x FLEXURAL STRENGTH TEST.  
The flexural strength was obtained at 28 days using the (100×100 ×500) mm 

prisms). All  prisms were tested in four-point loading over a length of 300 mm 
following the recommendations of the BS EN 12390-5 [17].  

3. RESULTS AND DISCUSSION  
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3.1 COMPRESSIVE STRENGTH 
Table 3 present the results of the 28 days compressive, splitting tensile and 

flexural strength for all mixes. The result of each mix is the average of 3 specimens. 
The table also shows the normalized strength (to that of the plain concrete, mix M1) 
and the standard deviation (SD) of all results. Fig. 3a shows the normalized 
compressive strength of all mixes.       

TABLE 3.  Results of compressive, splitting tensile and flexural strength with 
the standard deviation (SD) 

Mix 

 Compressive strength Splitting tensile strength Flexural strength 

Strength in 

MPa (SD)  

Normalized 

Strength  

Strength in MPa  

(SD)  

Normalized 

Strength  

Strength in MPa 

(SD)  

Normalized 

Strength 

M1 45.3 (0.4) 1.00 3.6 (0.1) 1.00 4.2 (0.2) 1.00 

M2 50.1 (1.0) 1.10 4.4 (0.2) 1.22 4.8 (0.2) 1.12 

M3 48.6 (1.1) 1.07 4.7 (0.4) 1.29 5.1 (0.5) 1.21 

M4 46.1 (2.1) 1.02 4.7 (0.1) 1.31 4.9 (0.1) 1.16 

M5 47.6 (1.8) 1.05 4.2 (0.4) 1.17 4.6 (0.3) 1.09 

M6 50.4 (1.6) 1.11 

 

4.6 (0.1) 1.27 

 

5.0 (0.1) 1.18 

 
M7 47.2 (1.8) 1.04 4.6 (0.2) 1.26 4.8 (0.2) 1.14 

 

    

FIGURE 3. a-Normalized compressive strength of all mixes b- Effect of fiber 
content on the increase of compressive strength.  

 
Table 3 and Fig. 3a show that the addition of fibres resulted in a margin increase 

(2%-11%) in the compressive strength regardless the type of fibres. The addition of 
2%, 4% and 6% of ISF to the concrete led to a strength improvement of 10%, 7% 
and 2% respectively, in comparison to the plain concrete. Almost similar strength 
enhancement was achieved with the mixes incorporating RSF (5%, 11% and 4% for 
2%, 4% and 6% content of RSF, respectively). It can be seen that the Mix 6 which 
includes 4% RSF exhibits similar strength increase to that of Mix 2 which includes 

(b) (a) 
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2% ISF. It seems that the RSF can show comparable performance to that of ISF by 
increasing the content of fibre.   

 
Fig. 3b shows the effect of fibre content on the percentage of compressive 

strength increase (in comparison to the plain concrete) of both ISF and RSF mixes. 
For the mixes with ISF, a trend can be seen as with increasing the fibre content, the 
strength improvement decreases. This can be attributed to the effect of increased 
porosity of the fibre reinforced concrete mixes. During mixing and compaction,  
fibres may entrap large air voids especially with high content of fibres [18]. This 
increase in the content of air voids can lead to lower strength enhancement. For 
mixes with RSF, it seems that the addition of fibre is beneficial up to certain fibre 
content (4%) after that the increase in strength starts to decrease and this could be 
due to the same effect of entrapped air voids.  

 
 

3.2 SPLITTING TENSILE STRENGTH 
 

The results of the splitting tensile strength for all mixes are presented in Table 3. 
Regardless of the type of fibres, the strength increase in the case of splitting tensile 
is higher than the compressive strength. This is expected as it is known that fibre can 
delay the development and the propagation of tensile induced cracks [11]. For the 
mixes with ISF, increasing the addition of fibre from 2% to 4% led to a strength 
enhancement of 7%, whereas a further 2% increase of fibre content (from 4% to 6%) 
showed only 2% strength improvement as can be seen in Fig. 4 which shows the 
effect of fibre content on the percentage increase in splitting tensile strength. This 
may be attributed to the effect of high air voids content mentioned above due to the 
high content of fibres. The mixes reinforced with RSF shows comparable behavior 
to those reinforced with ISF up to 4% fibre content. However, for 6% fiber content, 
the tensile strength decreases slightly. This could be because that RSF are shorter 
than the ISF which means higher number of fiber for the same content of fibers 
which in turn may lead to a higher entrapped air voids ratio causing reduction in the 
strength.   

 

 
FIGURE 4. Effect of fiber content on the increase in splitting tensile strength 

 
3.3 FLEXURAL STRENGTH 

 
The results of the flexural strength are shown in Table 3. Similar to that of 

splitting strength, the increase in flexural strength of the mixes with fibres is higher 
than the increase in compressive strength. This may be due to the effectiveness of 
fibres in delaying the development of micro-cracks. Mixes incorporating ISF showed 



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016 

 

168 
 

strength increase up to 21% at 4% fiber content. Mixes made with RSF exhibited 
strength improvement up to 18% at 4% fiber content. Hence, RSF can demonstrate 
comparable behavior to that of ISF at same fiber content or better behavior with 
increasing the fiber content. 

 Fig. 5 shows the effect of fibre content on the percentage increase in flexural 
strength. It can be seen that, regardless of the type of fibre, the addition of fibres is 
beneficial up to certain content (4%) after that the increase in strength starts to 
decrease yet still higher than the plain concrete. This may be attributed to the effect 
of high air voids content mention above due to the high content of fibres. 

 

 
FIGURE 5. Effect of fiber content on the increase in flexural strength 

 
4. CONCLUSIONS 

  
This study examined the effect of utilizing recycled steel fibre derived from post-

consumer tyres on the mechanical behavior (compressive, splitting tensile and 
flexural strength) of fiber reinforced concrete. The following conclusions can be 
drawn based on the results and discussion: 

 
1. The addition of fibres can increase the compressive strength of concrete. 

However, the strength enhancement is less than that achieved in splitting 
tensile and flexural strength. High contents of fibres show lower strength 
improvement than low fiber.  This can be attributed to the effect of increased 
air voids ratio. 

2. Higher strength increase was observed in the case of splitting strength. At 
4% fibre content, strength improvements up to 29% (for the mix with ISF) 
and 27% (for the mix with RSF) were obtained. 

3. The addition of RSF can increase the flexural strength of concrete up to 18% 
at 4% fibre content showing comparable strength enhancement to that of 
mixes with ISF at the same fiber content and higher than that of mix with 2% 
ISF.  

4.  RSF can demonstrate comparable behavior to that of ISF at same fiber 
content or better behavior with increasing the fiber content. 

5. Further research is recommended to examine the effect of air voids content 
on the mechanical behavior of concrete with RSF. 
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ABSTRACT 

Highway alignment development is a complex, iterative, and time-consuming 
process. In an area where an alignment is built thousands of alternatives need to be 
searched so that the final result is optimum. This study uses Geographic Information 
System (GIS) capabilities as an assistant tool to search for a corridor where the best 
possible highway alignment can be found. The study aims to narrow down search 
spaces for highway alignment development into a corridor based 
user/planner/designer defined width using GIS. A GIS model, considering the 
construction and land use costs as an objective function, was built and successfully 
located a path between two fixed termini points. The results were validated using a 
Genetic Algorithm (GA) model, which was previously developed by AL-Hadad 
(2011)[1], and the path results were promising as potential corridor search space 
centerlines. Narrowing down search spaces from the whole study area to a specific 
corridor reduces the time required to locate global optimum alignment solutions. 
Further investigations are required to generate highway alignments within the 
corridor in such a way that the optimality of the solutions is enhanced efficiently.  

Keywords: GIS, GA, Highway Corridor, Optimization. 

 
1. INTRODUCTION 

 
Highway alignment optimization aims to connect two terminal points at minimum 

possible cost subject to a number of design constraints. The traditional approach for 
highway alignment development results in a local optimum solution. The approach 
is manual and is able to assign only a handful number of candidates with which the 
final result is local optima. Trying to consider the study area for a countless number 
of candidates is a very expensive process and time consuming. 

Researchers have tried to represent search spaces into mathematical and 
computerized model. Different algorithms were used to locate best alignment 
alternatives exploiting and utilizing the overall study area. Despite the time, as 
shown in these studies, searching in a very wide area results in overburdening the 
process and may not be able to locate the global solution. 

Researchers have also tried to benefit from GIS as a repository for geographical 
and spatial data. Road researchers used GIS to represent areas where the proposed 
road project is located. The study area is then represented and integrated with 
optimization models. 

This research study uses GIS as an assistant tool for optimum highway alignment 
corridor determination. A mathematical model has been built using GIS so that a two 
dimensional study area, based on a customized objective function, is searched. The 
model searches the area until the least cost centerline path is specified. A buffer is 
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then defined on both, right and left, hand sides of the centerline path forming a 
search corridor. The width of the buffer may depend on the user/planner's 
preferences. The buffered area is then considered as a corridor where the 
potential/proposed global optimum highway alignment solution is found. 
 
1.1 THE CONVENTIONAL APPROACH 
 

In conventional highway design projects, highway engineers and planners select 
several candidates as alternative solutions and evaluate their suitability for the 
region’s environment until coming up with the most suitable one [2]. 

Using the conventional approach only a number of candidate alignments are 
generated where thousands are possible to exist. These alignments, in an iterative 
process, undergo evaluation through which the best alignment is determined. 
Therefore, the process is considered very expensive in terms of time. 

Attempts have been made by researchers trying to computerize the process 
described by the conventional approach. Calculus of variations [3], numerical 
analysis [4], linear programming [5], and genetic algorithms [6, 7, 8] are some of the 
techniques that have been used.  [9, 10, 11] have incorporated GIS just to digitally 
represent the area and to make the spatial information/data handy. 

It was noted that the GIS based researches added no novelty to the quality of the 
final result and the speed of the process. GIS was exploited to make the area digital 
for integration with the mathematical models only. 

The question is to what extend the search space between two termini points can 
be reduced with which thousands of worthless candidates are eliminated? This study, 
through the GIS capabilities, tries to define a zone/corridor within which the best 
alignment candidate is searched. It is expected that the time required for search is 
considerably reduced and the quality of the final solution is enhanced. It is also 
expected that the process avoid being stuck at local optima and avoids search 
misleading especially where the study area is very wide with numerous entities and 
complex configurations. GIS as a new technology may add beneficial inputs for the 
planners in highway alignment development. 
 
1.2 THE NEW APPROACH WITH GIS 
 

This study suggests the use of GIS for establishing a search corridor where best 
highway alignment can be found. Narrowing down the study area reduces the time 
required to search in areas where no best solution is available. Thus, the wasted 
search time is eliminated. 

The GIS path results is validated using Genetic Algorithms (GA). GA is an 
efficient evolutionary adaptive search technique [6, 7, 8, 12, 13, 14, 15] used to 
perform searches in relatively complex areas. The GA search is done using a model 
that was previously developed by AL-Hadad (2011) [1]. The results of GIS and GA 
models are then compared. 
 
2. THE GIS MODEL FORMULATION 

 
2.1 THE STUDY BOUNDARY 
 

Several 2D study areas (worlds) have been extracted from GIS from very simple 
to complex ones. The simple areas with already known solutions were used for 
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visual inspection of the results and to make sure that the GIS model and the 
formulation is valid. For each world, features and land uses are represented through 
rectangular grid cells (pixels). The size of the grid cells falls within the user 
preferences and depends on the desired accuracy. Each grid cell may handle one or 
more than one average value (data). 

World sizes of 4000mx8000m with grid cell sizes 200mx200m are defined for 
this research study. The average cost of the land use for highway alignment land 
acquisition and construction is calculated and attached to each cell. For each world 
and test, the termini points are considered known and fixed prior to the test runs. 

Figure 1 shows the GIS model case study area. The area has different land uses 
with different cost values. 
 
2.2 THE GIS COST MODEL 
 

A GIS model is developed to search for a path that incurs least cost. The model 
relies on a cost function that considers land use and path length costs. This function 
leads the GIS model to move from a grid cell/pixel center to another. Thus, a 
piecewise linear trajectory lines are formed from successive interconnected cells 
between the two termini points representing the desired path.  The goodness of the 
path is evaluated in terms of the assigned costs. Different cost values may be used 
for better representation of the study. 
 
 
3. THE GA MODEL FORMULATION 
 
3.1 THE STUDY BOUNDARY (SEARCH AREA) 
 

The study area produced from the GIS is re-produced in the GA model with the 
same land use configuration and cost values. Figure 2 is the study area from the GA 
model. 
 
3.2 THE GA OPERATORS 
 

A GA model that was previously produced by the author [1] is used to search for 
a path in the defined area. The use of the model has two objectives. First, to verify 
the validity of both the GIS and GA models. Second, is to study the possibility of 
integrating both models in one. Details of the GA model are found in [1]. 
 

  
FIGURE 1. Study area format with grid 
cells from GIS model 

FIGURE 2. The study area re-produced 
from GA model 
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3.2.1 CHROMOSOME REPRESENTATION 
 

A previous research study [1] defines alignment through station points along the 
centerline of the path. The X and Y coordinate of the points used as decision 
variables representing the centerline along the path. 

In genetic algorithms, a chromosome (also sometimes called a genotype) is a set 
of parameters which define a proposed solution to the problem that the genetic 
algorithm is trying to solve. The set of all solutions is known as the population [16]. 

The candidate solutions are represented in chromosomes as in Figure 3. The 
station points appear in the order in which they occur along the length of the path. 
 

Individual (j) X0 X1 X2  Xi    Xn 
Y0 Y1 Y2  Yi    Yn 

 

 
FIGURE 3. Solution/Chromosome representation 

 
 
3.2.2 INITIAL POPULATION AND REPRODUCTION 
 

An initial population of random individuals is generated such that all station 
points are within the study area and the genes (X and Y) are encoded using floating 
numbers. The termini points are assumed known. 

The reproduction process selects the individual based on their fitness (ranking 
based selection). The selected parents undergo multiple point crossover to swap a 
number of genes (segments) of the individuals to produce two new offspring [17].  

Modified uniform mutation (MUM) based on that described by [18] is used. It is 
designed to link a number of selected station points with a single mutated one. This 
operator selects a gene position (p) randomly and assigns a new random value for its 
X and Y coordinates. Then the operator generates two more locations (l1 and l2) 
provided that l1 < p < l2. Then, all the genes (station points) that locate between l1 
and p, and l2 and p on the other side are reallocated and put on a straight line 
connecting the newly generated gene at p with the selected genes at l1 and l2. 
 
 
3.3 THE FITNESS FUNCTION 
 

Fitness function is a function through which the suitability of the solution with 
regard to the defined environment of the study area is evaluated. 

In this study, the fitness function is formulated so that it incurs the same cost on 
the resulted path as the GIS cost model does. The construction cost of the path is 
linked with locations (land use) where the path passes through. The aim of the 
process is therefore to minimize; 

 
 CTotal = CostLocation + CostConstruction (1) 

 
The total cost is calculated: 

 Ctotal = ¦
 

p

k
k xUCellCl

1
 (2) 
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Where: Ctotal is the total path cost; lk is the length of the path located in grid cell k 
with a specific cost value; UCellC is the unit cell cost of that cell; and p is the total 
number of cells that the path passes through. Thus, ((∑ 𝑙𝑘𝑘=𝑝

𝑘=1 = 𝐿). L is the total 
length of the path, and n is the total number of the points along the path (the points 
represents and configures the path). 

The length of the path is calculated using the X and Y coordinates of the 
successive predetermined station points along the path as: 

 

 L = ¦
�
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1

0

2
1

2
1 )()(

n

i
iiii YYXX  (3) 

 
for all i = 0, 1, 2 … (n-1) 
 
 
4. EXPERIMENTAL RESULTS 
 
4.1 THE GIS MODEL TEST RESULTS 
 

The results from the GIS model are as depicted in Figures 4, 5, and 6. The results 
connect the two termini points through the least cost lands. As shown, the paths are 
the shortest and avoids the high cost lands. The results depict a centerline for a 
possible corridor. 
Figure 4 represents a land use with uniform cost configuration and the result is 
straight, as expected, between the two termini. Figure 5 represents a uniform land 
configuration having a cost barrier land at the middle. The path, as shown, is 
winding around the high cost area so that the path cost result is minimal. These two 
test scenarios were used for the verification of the GIS model formulation. 
 
 

  
FIGURE 4. A study area with uniform cost 

land use 
 FIGURE 5. A study area with a high 

cost land at the middle 
 
 
Figure 6 represents a result of the case study where different land use 

configurations are represented. The path result avoids the high cost lands. The length 
of the path is 12,525.48m with a cost amounting 4,222,548 unit cost. It was also 
noticed that the model is able to locate the least cost path in real time efficiently (15 
seconds). Then the path can be represented by the X and Y coordinates of a user 
defined number of station points along the path (e.g. 60 station points). 
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FIGURE 6. A case study area with different land configuration 
 
 
4.2 VALIDATION TEST USING GA MODEL 
 

As mentioned above, the same study area is redefined in the GA model. This is 
done so that the comparison and the verification between the two models are valid. 
The input parameters for the GA operators were as found by AL-Hadad (2011) [1] 
and are listed in below: 

Population size (5000), individual length (60 station points), selection (based 
ranking scheme), multiple crossover points (up to 8 points, 4 segments), Mutation 
(8% individual rate, 4% uniform point mutation, 15% modified mutation point rate), 
termination criteria (up to 400 generation). 

Figure 7 is the path result generated by the GA model. The path length was 
12,013m, cost path amount 4,177,785 unit cost, and the running time was 385 
seconds. A comparison table for the results of the two models is shown in Table 1. 

 

 
 

FIGURE 7. Path result from the GA model 
 
 

TABLE 1. GIS and GA result parameters comparison 
 

Comparison parameters GIS model result GA model result % difference 
Length, m 12,525.5 12,013 4 

Cost path, unit cost 4,222,548 4,177,785 1.07 
Process Time, seconds 15 385 96.1 

It can be seen from the results of both GIS and GA that the two paths have 
common characteristics. However, the GIS process time is more efficient than the 
GA model. The GIS process time is 96.1% faster than the GA model process time. 
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5. CONCLUSIONS 
 

A two dimensional GIS path search model has been developed. The cost function 
was based on land use and construction costs. A study area of 4000x8000m has been 
defined in terms of 200x200m grid cells. The cost of each land use and the 
construction cost at each cell are combined and attached to each cell through which 
the cost matrix of the whole study area is generated. Preliminary tests have been 
made upon known path result study areas and it was found successful. Then more 
case studies have been tested and the results were found promising. 

Verification tests were also performed using a previously developed GA model 
[1]. The common characteristics of the results from both models verify the 
credibility and validity of both the GA and GIS models. 

Thus, the GIS model result path can represent a centerline for a search corridor 
constrained by a user defined buffer or width. 

From the analyzing the results of the model and the optimum horizontal 
alignment solution the following brief bullet points are concluded: 

 
x The GIS model is able to locate a minimum cost path efficiently and effectively. 
x The GIS model efficiently reduced the time required to search for a minimum 

cost path that makes the process of highway development cheaper in term of time. 
x The GIS can provide a centerline path for a search corridor where the best 

horizontal highway alignment is located. 
x GIS is able to produce a user defined number of point coordinates along the 

resulted path between the two termini points. 
x GIS is capable to handle different cost models for further representation. 
x GIS can make spatial data handy and areas of considerations are easily 

represented. 
x The GIS may form an input to the GA model so that only smaller areas area 

searched. 
x Reducing the search space from the whole study area to a corridor increases the 

efficiency of the GA search model. 
x The GA model is no longer necessary to search the whole study area if it is 

assisted by a GIS search model. 
 
 

RECOMMENDATIONS 
 
x The comparison of the results from the two models is promising and eagerly asks 

for further formulations and investigations. 
x It is highly recommended to continue investigations on the possibilities for 

generating global highway alignments within the obtained corridor search space. 
x Different buffer widths and cost entities based result comparisons are required. 
x Further investigations are recommended for both horizontal and vertical highway 

alignments simultaneously as a 3D case. 
x More costs and more possibilities like accessibility and environmental 

consideration inclusions may also need verifications on its important impacts on 
highway alignment development studies. 
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ABSTRACT 
 

The research is about the possibility of replacing Total Station for leveling instead 
of differential leveling for measurements of elevations during the preparation of 
Topographic maps. A site of 18.9km located in Erbil city was chosen to conduct 
the research. The study was undertaken for the same site using both level and total 
station instruments. The results obtained from both instruments were analyzed and 
arranged in tables. The comparison between the results of the two instruments 
revealed that using total station instrument can give more accurate results, save 
time, and reduce cost.  

Keywords: Total station, Level, Elevation, Topographic maps. 

 

1. INTRODUCTION 
 
 

Differential leveling with an automatic level and graduated staff is the traditional 
surveying method used to establish the elevations or the difference in elevations. 
Accurate results obtained when all systematic errors were justified before using the 
level instrument, short sights length and balanced sights between back sight (BS) 
and for sight (FS) are the main restriction issues [1, 2]. 
It found that differential leveling is extremely expensive and time consuming 
especially in mountainous regions.  Total  station  instrument  nowadays are  widely  
used  in surveying,  since  the  instrument  is capable  for the measurement  of slope 
distances  and  vertical angles (That is indirect leveling method) to get necessary 
results in the application of many survey fields [3]. 
 
2. FIELD MEASUREMENTS 
 
2.1 MEASUREMENT PRINCIPLES OF TOTAL STATION 
(INDIRECT LEVELING) 
 

From instrument (Total station) station (A) (see Fig. 1): The slope distance SD 
and the vertical angle (V.an) to the center of the reflector at (B) are measured and the 
instrument height above (A) (HI) and the reflector height (HR) are measured. Then 
the elevation of (B) is determined by [3, 4, 5]:- 
x In the case of V.an depression angle 

𝐸𝑙𝑒𝑣. 𝑜𝑓  𝐵 =  𝐸𝑙𝑒𝑣. 𝑜𝑓 𝐴 +  𝐻𝐼– 𝑉𝐷– 𝐻𝑅                          (1)   
𝑊ℎ𝑒𝑟𝑒 𝑉𝐷 =  𝑆𝐷 ∗  𝑠𝑖𝑛 𝑉. 𝑎𝑛 
In the case of V.an vertical angle:- 

mailto:s.khorany61@yahoo.com
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𝐸𝑙𝑒𝑣. 𝑜𝑓 𝐵 =  𝐸𝑙𝑒𝑣. 𝑜𝑓 𝐴 +  𝐻𝐼 + 𝑉𝐷 –  𝐻𝑅               (2) 
FIGURE 1. The principles of the indirect leveling (Trigonometric leveling) 
 

2.2 MEASUREMENT PRINCIPLES OF LEVEL (DIRECT 
LEVELING) 
 

Leveling is the general term applied to any of the various processes by which 
elevations of points or differences in elevation are determined .It is a vital operation 
in producing necessary data for mapping. In this study the instrument level is set up 
approximately midway between ground points A and B (as shown in Fig. 2). First 
the instrument correctly leveled (in order to make the line of sight horizontal). The 
readings are taken on a graduated staff held vertically on points A and then point B. 
If we consider the staff reading on A is back sight (BS) and the staff reading on B is 
fore sight (FS), and if the elevation at A =  100.00m with respect to a datum then 
the elevation at B = Elevation of 𝐴 +  (𝐵𝑆 –  𝐹𝑆)                    
OR   Elevation of 𝐴 +  𝐵𝑆 =  𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 (𝐻𝐼) Then the elevation of  
𝐵 =  𝐻𝐼 – 𝐹𝑆                                                                               
It is also possible to determine the difference in elevation between A and B as 
following [6, 7, 8]:  
 

∆ℎ𝐴𝐵 =  𝐵𝑆 –  𝐹𝑆                                                      (3)    
                                    

 
 

 
 
 
 
 
 
 
 

                    FIGURE 2. Measurement principles of leveling (Direct method) 
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2.3 RESEARCH FIELD DATA 
 

A site was selected in Erbil for the field measurements. The site comprises of 
a route of 18.9 𝑘𝑚 length marked with bench marks in dimension of 20 ∗ 20 ∗
50𝑐𝑚 established at intervals of 150m as can be seen in Fig.3. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3. Site Plan Erbil- Route of leveling 
 

The leveling procedure using Nikon Automatic Level instrument started from 
points 0 km. The first sight taken was (BS) to the staff held at that point. 
Then, several intermediate sights w e r e  taken. Finally another last staff reading 
(FS)  was  taken  at  a  turning  point  (T.P)  before  moving the instrument  to  a  
new  position.  This procedure is repeated along the route until the starting point 
w as  reached again where the leveling has been                                       closed 
on.Number of setting up of the Nikon Automatic level were =  252 
Total number of staff reading (BS, FS, and IS) were =  752 
The  leveling  was  carried  out on the  basis  that  the  sight  distance  must  not  
exceed  50m  and balancing between BS and FS reading were maintained 
throughout. Fig 4 show surveying works and Nikon instrument us. 
 
 

 
 

 
 
 
 
 
 
 
 

 
FIGURE 4. Nikon Automatic Level (field measurements) 

Along the same route, a total station Leica Flexline Ts06 was used for 
determination of the elevation of   the bench mark. A Total Station was set up at 
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a distance of about. 100m from starting point 0 km at a point of known 
coordinates. A reflector held at the starting point, and then the telescope of the 
total station was sighted to the reflector. The instrument directly calculates and 
stores the elevation of the points using the slope distance and vertical angle from 
the instrument station to that point. From this set up a total of  
(4-6) points were covered, before moving the total station to a new location. 
 
Maximum sight length kept less than (210m)  
Number of stations occupied by total station is (6)  
Total number of observations: 
At station No. 1 =  9 
At station No. 2 =  10 
At station No. 3 =  10 
At station No. 4 =  10 
At station No. 5 =  11 
At station No. 6 =  5 
∑ of total No. =  55 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
FIGURE 5. Leica Total station TS06 (field measurements) 

 
 
3.    CALCULATIONS AND ADJUSTMENTS  
 
3.1 CALCULATION OF ELEVATIONS 
 
A check of the quality of the leveling was made, before carrying out calculations of 
elevations. 
 
3.2 CALCULATION OF MISCLOUSER 
 
Misclouser =  ∑ BS −  ∑FS Since the leveling is a closed loop, 

Theoretically the misclouser must be equal to zero. However, due to the inherent 
errors caused by moving the instrument, the observer and the atmosphere there will 
be an amount of error varies from zero in plus or minus sign.  
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In this study: 
 

∑ 𝐵𝑆 =  883.172 𝑎𝑛𝑑 ∑ 𝐹𝑆 =  883.221                      (4) 
 
Misclouser =  ∑ 𝐵𝑆 − ∑ 𝐹𝑆 =  883.172 –  883. 221 =  − 0.049𝑚 
 
The allowable error According to the specification in third order leveling can be 
determined in the following way [9, 10, 11, 12]. 
 
Allowable error =  ± 12𝑚𝑚√𝐾 
Where; K is the length of the leveling route in kms. Therefore,  
Allowable error =  ± 12𝑚𝑚√18.9 =  ± 52.169𝑚𝑚. 
Since the misclouser is less than allowable errors, the adjustment may proceed. The 
adjustment of this leveling is based upon the principle that 
The errors will accumulate proportionally with respect to the distant from the 
starting points. - Adjustment for point (i) 
Point (i) is located at distance (di) from the starting point (in km or m). - The 
correction for the elevation of point 

𝑖 = 𝑀𝑖𝑠𝑐 × 𝑑𝑖 ÷ Total length of the leveling route.               (5) 
The corrections are applied in opposite sign of the misclouser.  
          

On this basis, the elevations of all points were adjusted, and the condition of 
closed loop leveling was fulfilled. Comparison of result measured by total station 
and level instruments of the starting point. Table (1) shows the adjusted results data 
filed corrections that must be equal to the computed elevation of the same starting 
point. 
 

TABLE 1. 
Comparison of results measured by total station and level instruments 

Point No. 

Adjusted 
Level 

Elevation 
(m) 

Observed 
Total Station 
Elevation (m) 

Diff. Level 
(m) Point No. 

Adjusted 
Level 

Elevation 
(m) 

Observed 
Total Station 
Elevation (m) 

Diff. Level 
(m) 

1 392.142 392.142 0 28 383.988 383.94 0.047 
2 391.193 391.192 0.002 29 385.065 385.016 0.049 
3 390.256 390.252 0.004 30 387.155 387.104 0.051 
4 390.23 390.225 0.005 31 389.035 388.982 0.053 
5 389.828 389.821 0.007 32 385.965 385.911 0.054 
6 390.547 390.538 0.009 33 383.028 382.972 0.056 
7 390.38 390.37 0.011 34 382.455 382.397 0.058 
8 390.37 390.357 0.012 35 402.148 402.089 0.06 
9 390.559 390.545 0.014 36 403.6 403.538 0.061 

10 390.672 390.656 0.016 37 404.043 403.98 0.063 
11 390.542 390.524 0.018 38 402.906 402.841 0.065 
12 389.634 389.615 0.019 39 404.515 404.448 0.067 
13 389.927 389.906 0.021 40 403.367 403.299 0.068 
14 390.366 390.343 0.023 41 401.664 401.593 0.07 
15 389.44 389.416 0.025 42 402.727 402.655 0.072 
16 388.967 388.941 0.026 43 379.716 379.643 0.074 
17 387.944 387.916 0.028 44 381.47 381.394 0.075 
18 387.38 387.35 0.03 45 383.703 383.626 0.077 
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3.3 OBSERVATION ANALYSIS 
 

Usually topographic surveys are carried out covering small geographic area typically 
less than 4000 ha (10000 acres). With such areas simple survey techniques are 
employed to establish project control points. These surveys are plotted at scale from 
1: 500 to 1: 5000 and at contour intervals of 0.5m or 1.00m. They are preformed to 
prepare a base map for detailed site plans. 
 

Vertical accuracy: Vertical map accuracy is defined as the root mean square (rms) 
error in evaluation in terms of the project’s evaluation datum for well-defined points 
only. 
For class I. maps the limiting rms error in evaluation is set by the standard at one third 
the indicated contour interval for well-defined points only. 
For class II & III maps compiled with limiting rms error for Twice or Three times of one 
third allowed form class Ι. 
 
3.4 ROOT MEAN SQUARE ERROR METHOD 
 

The “root mean square” rms error is defined to be the square root of the average 
squared discrepancies. The discrepancies are the differences in coordinates or elevations 
values as derived from the map and as determined by an independent check survey. 
 

𝑟𝑚𝑠 = √𝐷2 ÷ 𝑛  𝑎𝑛𝑑 𝐷2  = 𝑑₁²+ 𝑑₂²+ 𝑑₃²+ − − − − −𝑑𝑛²                 (6) 
Where; D = discrepancies in elevations.  
n = total number of points. Here;  D² = 5.209m  
and n =  55 (Data from the table) 

Therefore, 𝑟𝑚𝑠 = √5.2092 ÷ 55  = 0.31𝑚                                                      (7) 
 
For large scales topographic maps the vertical interval of contour lines varies from 
0.5m to 1.0m. Therefore:   
 
When vertical interval  𝑉𝐼 = 0.500𝑚  

𝑉𝐼 × 2 ÷ 3 = 0.500 × 2 ÷ 3 = 0.33𝑚                                         (8) 
𝑉𝐼 × 3 ÷ 3 = 0.500 × 3 ÷ 3 = 0.50𝑚                                         (9) 

When 𝑉𝐼 = 1.00𝑚 
𝑉𝐼 × 2 ÷ 3 = 1.00 × 2 ÷ 3 = 0.67𝑚                                            (10) 
𝑉𝐼 × 3 ÷ 3 = 1.00 × 2 ÷ 3 = 1.00𝑚                                            (11) 

 

19 386.997 386.965 0.032 46 388.048 387.969 0.079 
20 387.316 387.283 0.033 47 387.811 387.73 0.081 
21 388.455 388.42 0.035 48 385.465 385.383 0.082 
22 386.72 386.683 0.037 49 395.808 395.723 0.084 
23 385.73 385.691 0.039 50 393.269 393.183 0.086 
24 383.807 383.767 0.04 …… …… …… …… 
25 384.255 384.213 0.042 124 18.45 389.05 389.098 
26 386.122 386.078 0.044 125 18.6 391.114 391.162 
27 383.117 383.072 0.046 126 18.75 391.944 391.993 

    127 18.9 392.093 392.142 
        - 0.049 0 
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The (rms) obtained in our field study equal to 0.31m  which is less than the 
allowable standards obtained above which are 0.33, 0.5, 0.67 and 1 m respectively.   
The results of the field data using both instruments are presented in Table (2). [13, 14, 
15, 16]. 
 

TABLE 2. 
Results of points using both instruments and value of D 

 

 
Point 
No. 

 
Diff. 

Level (m) 

 
Squared Diff. 

Level (m) 

 
Point 
No. 

 
Diff. 

Level (m) 

 
Squared Diff. 

Level (m) 

 
Point 
No. 

 
Diff. 

Level (m) 

 
Squared Diff. 

Level (m) 

1 0 0 19 0.032 0.063 37 0.063 0.126 
2 0.002 0.004 20 0.033 0.067 38 0.065 0.13 
3 0.004 0.007 21 0.035 0.07 39 0.067 0.133 
4 0.005 0.011 22 0.037 0.074 40 0.068 0.137 
5 0.007 0.014 23 0.039 0.077 41 0.07 0.14 
6 0.009 0.018 24 0.04 0.081 42 0.072 0.144 
7 0.011 0.021 25 0.042 0.084 43 0.074 0.147 
8 0.012 0.025 26 0.044 0.088 44 0.075 0.151 
9 0.014 0.028 27 0.046 0.091 45 0.077 0.154 
10 0.016 0.032 28 0.047 0.095 46 0.079 0.158 
11 0.018 0.035 29 0.049 0.098 47 0.081 0.161 
12 0.019 0.039 30 0.051 0.102 48 0.082 0.165 
13 0.021 0.042 31 0.053 0.105 49 0.084 0.168 
14 0.023 0.046 32 0.054 0.109 50 0.086 0.172 
15 0.025 0.049 33 0.056 0.112 51 0.088 0.175 
16 0.026 0.053 34 0.058 0.116 52 0.089 0.179 
17 0.028 0.056 35 0.06 0.119 53 0.091 0.182 
18 0.03 0.06 36 0.061 0.123 54 0.093 0.186 
      55 0.095 0.189 

The square of discrepancies in elevations (D)2 5.209 

 
 
4.  CONCLUSION 
 

The study evaluates the possibility of using total station instead of level 
instrument to prepare topography maps. Generally, the results show that using total 
station in preparing topography maps can lead to more accuracy, time saving and 
cost–effective. 
 
1. Restriction cannot be an issue on sight length for total station observation. 
2. No need to balance back sight and fore sight lengths, this makes the choice of 

location for instrument and the reflector more convenient. 
3. In using total station instrument, line of sight above the ground can be 

maintained at maximum because the observation is always to the top of the 
reflector. 

4. Using total station instrument the sight of the reflector can be changed to 
overcome situations where obstructions to the line of sight would interfere. 

5. Using total station instrument the method is considered to be faster and less 
time consuming. 

6. The accuracies are compatible and may be applied in many fields. 
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7. Elevation results close to the level instrument elevation having better rms fit 
with the specifications. 
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ABSTRACT 
Nowadays, laminated glass is considered one of the most important types of safety 
glass ,that is due to its ability to fulfill security requirements of people and 
properties .The Failure behavior of laminated glass has been studied in varied 
loading cases using many experimental and numerical methods. 
In this article, a 2d-Deformable Numerical Model was suggested to be used in 
simulation of laminated glass sheets behavior subjected to bending loads. The 
interlayer was considered as a hyper-elastic material whereas the glass was modeled 
using the linear elastic module. This model was validated through 4-point bending 
test. For a further validation of this “2d- bending” Model , the effect of various 
geometric parameters of the laminated glass panels on the maximum principal stress 
was studied numerically and compared with  experimental results mentioned in the 
reference study [6] . 

Keywords: Numerical Modeling, Numerical Simulation, Laminated Glass, 4-Point 
Bending Test, Maximum Principal Stress. 

 
1.  INTRODUCTION 

 
    As a result of the increasing of risks affecting both people and properties , such as 
burglaries, ballistic attacks and explosive blast attacks , the need of developing 
glazing systems which can full fill the security requirements has raised, also it 
became so important to study the behavior of these glazing systems in different 
loading cases . 
Nowadays, Safety Glass is wide spread in industrial and structural application. 
Generally, glass types can be classified by both the fracture behavior and the size of 
the fragments after impact.  
Some types of safety glass are: Tempered Glass , Heat Strengthened Glass , 
Chemically Strengthened Glass , Laminated Glass ... etc [1]. 
Laminated glass is an assembly comprising at least two panels of glass (which can 
be either float or tempered) bonded together across their entire surface by an 
interlayer (which can be either Poly Vinyl Butyral (PVB) or Ethylene Vinyl Acetate 
(EVA) or others ...) , the bond between the glass and the interlayer ensures that the 
broken pieces remain in place [2]. 
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Laminated glass can be used in many applications, such as architectural structures, 
anti bullet systems, windscreens ... etc. [3]. 
Manufacturers usually evaluate the behavior of laminated glass using destructive  
tests, such as : Pendulum Test , Falling Ball Test , Bending Test , Pummel Test , 
Compressive Shear Test ...etc. , but these destructive tests are expensive in terms of 
time and money[4]. 
Modeling laminated glass and using numerical simulation can both save money and 
time and provide further ability to control the boundary conditions [5]. Therefore, 
many attempts have been done to find a laminated glass model that can describe well 
the behavior of the glazing structure. Many relevant studies on laminated glass 
modeling have been experimentally and numerically performed. 
F.W.Folcker [6] invented a model for the laminated plate using two solid elements 
for the glass plies with Linear-Elastic behavior and a solid element for the PVB 
interlayer with Linear-Viscoelastic behavior. The researcher has done simulation of 
the impact test which in a chromic-steel ball falls on a laminated glass plate with an 
initial velocity equals to 2 m/s . 
Also, S. J.Beanison [7] studied the relation between the applied load and the 
maximum principle stress; it was found that increasing the applied load causes a 
linear increasing in the maximum principle stress. 
In study [8] D.Z Sun has modeled laminated glass panel using two shell elements 
with a Linear Elastic properties for both the internal and external glass plies , and a 
solid element with Hyperplastic behavior for the PVB layer . For validation, a 
simulation has been made of 3-Point Bending Test using ABAQUS EXPLICIT, it 
was found that there is a good agreement between the numerical and the 
experimental results. 
Whereas, M.Timmel [9] has modeled laminated glass panel using two shell elements 
for the internal and external plies with Elastic/Brittle behavior and a membrane 
element for PVB layer with Hyperplastic behavior. For validation, the researcher did 
simulation for Roof Cash test with an initial velocity (2m/s). The numerical results 
were in a good agreement with the experimental ones especially regarding the 
relation between the applied load and the discernment. 
In previous researches , 3-d complicated numerical models were used to simulate the 
laminated glass behavior which requires long time for processing , whereas , in this 
research a 2d-deformable numerical model was suggested to be used in simulation of 
laminated glass sheets behavior subjected to bending loads. The interlayer was 
considered as a hyper-elastic material whereas the glass was modeled using the 
linear elastic module. 
Also , For Further validation of this “2d- bending” Model , the effect of various 
geometric parameters of the laminated glass panels on the maximum principal stress 
was studied numerically and compared with  experimental results mentioned in the 
reference study [6 ] 

2.   METHODOLOGY 
 
2.1. NUMERICAL MODEL  
 
    When a structure is subjected to uniform bending loads, the effects within only the 
cross section can represent the effects on the entire pattern , therefore , a 2d-
deformable model was suggested to simulate the behavior of laminated glass plates 



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016 

188 

 

subjected to the 4-point bending test , using Abaqus/Static . a 2d - 4 nodes solid 
element CPS4R  was used in this model [10]. Modeling steps were as the following: 

1- The glass plates were modeled with a linear-elastic module and PVB foil was 
modeled with a hyper-elastic module / Monny-Rivilin type , according to the 
following parameters : 
(𝐶10= 1.45 Mpa, 𝐶01= 0.06 Mpa, 𝐷1= 0.013Mpa−1) [11]. 

2- A static step was used, the incrimination type was automatic, the maximum 
number of increments was 100 and the size of the increment ranges between 
(0.001, 1) mm. 

3- The model was meshed as the size of each 2-d element is (2mm × 2mm). 
4- For the boundary conditions, two degrees of freedom was restricted in the 

support points and a force of 150kgs was applied on each loading point.  

 
FIGURE 1. Numerical Model subjected to loads 

2.2. EXPERIMENTAL PROCEDURE  
 

The experimental procedure in this research is the standard 4-point bending 
test [12] .the experiments were done in the Quality Laboratory at Madar Company-
Damascus/Syria. Figure 2 shows a photo of the test set. In this experiment, five 
laminated glass samples with the following dimensions were tested; 
Length = 100 cm    ,   Width = 100 cm. 
Thickness of the first glass ply = 2.5 mm. 
Thickness of the second glass ply = 2.5 mm. 
Thickness of the PVB interlayer = 0.38 mm. 
The samples were put on two cylindrical supports and loaded by two rigid cylinders.  
 

 
FIGURE 2.   Four-Point Bending Test Set 
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Also, Figure 3 shows a Scheme of the applied loads and supports positions. 

 

FIGURE 3. Scheme of the applied loads and supports positions  

3.   DISCUSSIONS AND RESULTS  
 
    Table 1 shows the experimental displacement values vs. loads for the five 
specimens and the average values of the displacements.  
Note: The displacement in the following discussion and Figures belongs to the 
midpoint of the inner glass ply of the laminated glass specimen. 
 

TABLE 1. 
Experimental Displacement Values Vs. Loads for the five specimens 

Load 

(kg) 

Displacement(mm) 

P1 P2 P3 P4 P5 Average 

15 0.38 1.06 1.82 0.39 1.51 1.03 

30 0.41 1.45 3.11 0.80 3.29 1.81 

45 0.97 1.70 4.60 1.10 3.90 2.45 

60 1.60 1.90 5.90 1.50 5.60 3.30 

75 2.57 3.50 5.97 2.05 6.15 4.05 

90 3.07 4.30 6.10 2.90 6.95 4.66 

105 3.55 4.40 6.38 3.50 7.23 5.01 

120 4.05 4.60 6.62 4.13 8.50 5.58 

135 5.55 5.15 
 

5.63 9.38 6.43 

150 6.44 
  

5.93 9.77 7.38 

 
Also , Figure 4 shows the Numerical Maximum Principle Stress  𝑆𝑚𝑎𝑥 distribution 
along the model after applying the 4-point bending test loads .  
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FIGURE 4. Numerical Maximum Principle Stress  Smax distribution along the model  

Figure 5 shows the experimental displacement vs. load curves in comparison with 
the numerical curves , it is obvious that both plots show similar trends and the 
numerical results are in a relatively good agreement with experimental values , so it 
can be realized that the "2d-bending" model behaves pretty well in simulation of 
laminated glass subjected to bending loads . 

 

FIGURE 5. Experimental Displacement Vs. Load Curves in comparison with the 
numerical curves 

For Further validation of this “2d- bending” Model , the effect of various geometric 
parameters of the laminated glass panels on the maximum principal stress was 
studied numerically and compared with  experimental results mentioned in the 
reference study [6]  , as the followings : 

1- The effect of outside and inside glass ply thickness on the maximum 
principal stress: 

Figure 6 shows the Numerical Maximum Principle Stress  𝑆𝑚𝑎𝑥 vs. .external glass 
ply thickness curve in comparison to the experimental results mentioned in the 
reference research [6]. 
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FIGURE 6. Numerical Maximum Principle Stress  Smax vs. .outside glass ply 
thickness curve in comparison to the experimental results mentioned in the reference 

research [6]  

Also, Figure 7 shows the Numerical Maximum Principle Stress  𝑆𝑚𝑎𝑥 vs. internal 
glass ply thickness curve in comparison of the experimental results mentioned in the 
reference research [6]. 

FIGURE 7. Numerical Maximum Principle Stress  Smax vs. internal  glass ply 
thickness curve in comparison of the experimental results mentioned in the reference 

research [6] 

It can be realized that both plots show similar trends ; a region of high return for 
added thickness in which the maximum principal stresses are reduced significantly, 
followed by a region where significant added thickness does a little to a further 
reduce the stress .  
It is also obvious that numerical results agree well with the experimental results 
mentioned in the reference research [6]. 

2- The effect of PVB interlayer’s thickness on the maximum principal stress: 
Figure 8 illustrates the Numerical Maximum Principle Stress  𝑆𝑚𝑎𝑥 vs. PVB 
interlayer thickness curve in comparison with the experimental results mentioned in 
the reference research [6]. 
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FIGURE 8. Numerical Maximum Principle Stress  Smax vs. PVB interlayer 

thickness curve in comparison with the experimental results mentioned in the 
reference research [6] 

As shown in the above Figure , the trend is a reduction in the maximum principle 
stress when PVB thickness increases and the numerical results relatively agree well 
with experimental results mentioned in the reference research [6] . 

3- The effect of the applied load on the maximum principal stress:  
Figure 9 shows the Numerical Maximum Principle Stress  𝑆𝑚𝑎𝑥 vs. applied load 
curve in comparison of the experimental results mentioned in the reference research 
[6]. 
 

 
FIGURE 9. Numerical Maximum Principle Stress  Smax vs. applied load curve in 

comparison of the experimental results mentioned in the reference research [6] 

The Figure shows that the Maximum Principle Stress  𝑆𝑚𝑎𝑥 increases proportionally 
with the applied load, and that there is a very good agreement between the 
simulation results and the experimental results mentioned in the reference research 
[6] 
 
4.   CONCLUSIONS 
 

1. The suggested 2d-Elastic Deformable Model with Hyper-Elastic module for 
the PVB interlayer and Linear Elastic module for the glass panels has been 
validated to be used successfully in simulation of the 4-point bending . 
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2. The Maximum Principle Stress increases – with a nonlinear trend- as the 
thickness of external glass panel decreases. 

3. The Maximum Principle Stress increases – with a nonlinear trend- as the 
thickness of internal glass panel decreases. 

4. The Maximum Principle Stress increases – with a linear trend- as the 
thickness of the polymeric interlayer decreases. 

5. The Maximum Principle Stress increases – with a linear trend- as applied 
load increases. 
 

RECOMMENDATIONS 
 

1. The effect of other factors and parameters other than the geometric factors on 
the laminated glass strength can be studied. 

2. Other types of laminated glass with different types of interlayer can be used 
in a similar research. 

3. Checking the validity of the suggested 2d-elastic model subjected to 3-point 
Bending loads. 
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ABSTRACT 
Fifth generation of mobile technology abbreviated as 5G is thought to be the newest 
and most significant advancement in wireless and mobile communication in the 
current era. 5G makes its diversity with older generations of mobile technology by 
its amount of connections of more than 100 billion devices, 10 Gb/s 
(Gigabyte/second) peak data rate, very low latency of 1 ms(millisecond), very low 
energy consumption of 10% of the current 4G technology. All of the mentioned 
features and even more than these will make this technology a revolutionary and the 
most spectacular technology among all. This paper will discuss 5G characteristics 
along with its functionalities and finally the challenges facing this technology will 
also be stated.   

Keywords: 5G mobile communication, QoS, Security, interference, cost.  

 
1. INTRODUCTION 

 
“In a few years, you may be able to download a full-length HD movie to your 

phone in a matter of seconds rather than minutes. And video chats will be so 
immersive that it will feel like you can reach out and touch the other person right 
through the screen” [1] that was stated by the senior editor of the recode tech news 
website. It basically refers to two major characteristics (features) of 5G technology 
which are the high data rate and very low latency. The progresses and advances in 
wireless and mobile communication have gone so deep in this century and that is 
due to the rapid evolvement of the mobile technology. Nowadays, our mobile 
phones are utilized for messaging, video and voice calling, internet browsing and 
more. Almost every 10 years a new generation of mobile technology has been 
released. Mobile technology has been through very long improvements from 1G 
which was only analog calling to 2G which was first digital phone call and 
messaging. Then, 3G emerged with better enhancements and released to add up the 
data or multimedia transmission. Finally, LTE or 4G brought outstanding features 
that support IP service like (messaging, voice and video). Yet, ambitions and desires 
are more from the telecommunications companies as business industries/markets and 
people’s life is changing. Thus technology must cope with these rapid changes.  

This paper sheds the light on some valuable literature reviews followed by 5G 
characteristic which will concentrate on the features of 5G and its pro and cons with 
current LTE (4G) technology. Then, 5G architecture is discussed. After that. The 
functionally of 5G is argued followed by problems related to that technology. Lastly, 
it concludes the review done on this leading technology and presents 
acknowledgment to the helps the paper has received. 
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2. LITERATURE REVIEW  
 

Agreement on one standard definition for 5G has not yet been made because it is 
still under development and each organization has its vision it.  It is anticipated that 
by 2020, 5G will be revealed.  NGMN Alliance (Next Generation Mobile Network 
Alliance) has its vision on 5G as following “5G is an end-to-end ecosystem to   
enable a fully mobile and   connected society. It empowers value creation towards 
customers and partners, through existing and emerging use cases, delivered with 
consistent experience, and enabled by sustainable business models” [2]. GSMA 
intelligence (Group special Mobile Association intelligence) has broken down its 
vision into two views, the hyper-connected vison and Next generation radio access 
technology. The first view proposes a mixture of older generations of mobile 
technology from 2G to 4G and Wi-Fi to build a network of higher density for 
devices, covering more area, to be available and support IOT (internet of things) 
while the other view intends to build new radio interfaces rather than existing one to 
meet the features of 5G [3]. 5G is expected and promised to have revolutionary 
features as machine-to-machine, human-to-human and human-to-machine 
communications which will ultimately create a smart environment for overall 
businesses and the world infrastructure on the other side. New business demands and 
user requirements will lead to the innovation of new uses cases. According to 
GSMA intelligence, NGMN alliance and NOKIA Company [4], some common use 
cases are: 

x Mobile broadband access(beyond normal internet access)  

x High user mobility in terms of connectivity and autonomous 
driving/connected cars 

x Smart society (smart office, home, city etc.) 

x Internet of Things (IoT) 

x Ultra reliable services(i.e. E-health) 

x Extreme real time communications(Augmented reality or tactile internet) 
FIGURE 1 shows the METIS’s (Mobile and wireless communications Enablers 

for the Twenty-twenty (2020) Information Society) timeline of 5G development 
phases [5]: 

 

 
 
 

FIGURE 1. 5G development timeline [5] 

2.1 5G CHARACTERISTICS 
 

5G technology is required to provide new capabilities to businesses and users in 
terms of features and quality of services and that is what makes 5G to be different 
than other mobile technologies.  These new characteristics will boost the business 
industry and change the way we used to utilize the mobile technology.  We list some 
of common 5G characteristics with brief explanation for each of them: 
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x Low latency of less than 1 millisecond that will be more appropriate and 
supports real-time applications with lowest error rate ever.    

FIGURE 2 shows the LTE vs. 5G latency time provided by GSMA [3]: 

FIGURE 2. Latency time between 4G and 5G [3] 

x 5G will provide the peak data rate of 10 Gb/s 

x Peak value of 100 Mb/s data rate to give to at least %95 of the user in the network 
including the cell-edge. 

x 5G will provide connections for 1 million devices/km2  

x Very low energy consumption of %10 of the current 4G technology that will 
enhance the battery life to 10 years for low power machines/devices.  

x The availability of the 5G system is promised to be %99.999.  

x 5G is ultra-reliable of %99.999. 

x  The coverage area is %100 in 5G. 

x Support 500km/h mobility speed. Imagining a very fast train of speed 500/h with 
continuous connection and without any interruption. 

x It will support massive capacity of 10Tb/s/km2  

x Due to its improvements and increased number of connected devices and device-
to-device communications, it will provide high level of security. 

x Improving the energy efficiency will decrease the overall cost of the 5G 
technology and systems. 

5G has many advantages over current 4G technology, TABLE 1 illustrates the pros 
of 5G over 4G: 

TABLE 1.  
Pros of 5G over 4G 

Features  4G 5G 
Bandwidth/speed  100-300Mbps 1 Gbps and above  
Latency  Less than 1 millisecond  5-10 milliseconds  
Services  Dynamic information access 

with wearables  
Dynamic information access with 
more wearables  

# of devices  8 billion connections by 2017 100 million connections by 2020 
Power consumption  Too much  %10 less than current 4G 
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Conversely, 5G has some disadvantages or cons comparing to the leading 5G 
technology as shown in TABLE 2. :    

TABLE 2. 
Cons of 5G comparing to 4G 

 
2.2 5G ARCHITECTURE 
 

Business demands and user requirements are expanding and changing continually 
and that makes the 5G architecture to be different than other previous mobile 
technology architectures. As mentioned earlier, 5G is expected to have new use 
cases and that requires new technologies to be added to the 5G technology and its 
architecture as well. Basic architecture of 5G has the following or includes the 
following items D2D (Device to Device), in which users can communicate together 
directly without referring to the base station using the network resource   of the cell. 
UDN (Ultra Dense Network), which is basically bunch of small access nodes that 
has high data rate and reduces the traffic in the network.  Femtocell, Pico cell, Macro 
cell, Relay transmitter to retransmit the signal of the main broadcasting station 
usually in the areas where the signal to noise ratio (SNR) is low, MN (Moving 
networks) such as car-to-car communication which needs a moving node and 
consists of moving sharing of data between them, URC (Ultra Reliable 
Communication) that needs a strong communication connection and can be used for 
real time applications such as remote patient surgery and MMC (Massive Machine 
Communication) that provides the IOT services to a large number of mobile devices 
with low data rate . FIGURE 3 shows 5G architecture vision of European ICT sector 
that is also provided by METIS [6]: 

FIGURE 3. 5G Architecture [6] 

Features  5G 4G 
Spectrum  Huge wireless signal spectrum 

required 
Less is required  

Security  Huge wireless network will 
cause more security issues  

Less security issues  

Compatibility Old devices will not work with 
5G so, they need replacement 

Some Devices are compatible 
with current 4G 

Cost Building new infrastructure 
needs high cost 

It had been built on the existing 
3G infrastructure  
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2.3 5G FUNCTIONALITIES  
 

2.3.1 5G QUALITY OF SERVICE  
Quality is a crucial point of evaluation of any system, and in this case, 5G is 

expected to have a considerable quality of service. The expectations are quite high as 
comparison to the other previous generations such as 3G and 4G, but it does not 
mean to be a replacement of them. It will be the advancement of the ongoing process 
the other previous generations. In 5G, the main focus would be on the quality and 
reliability as it is stated “We need to put the quality of the experience at the core of 
5G. Of course our customers want to be connected at high-speed 5G, but they want 
to be connected at all times” [7]. As technology advances, the demands of mobile 
operators increase, because it brings more attraction to the users to consume more 
and more bandwidth for example utilizing video services. Plus, the capacities of the 
operators decrease when the traffic density increases. 5G is could provide high 
capacity to overcome the capacity issues existing in other previous versions. There 
might be many more features serving the quality, and would arise as surprise to the 
networking world technology. There are many factors underpinning 5G to support 
higher spectrum as illustrated in FIGURE 4 [9]: 

FIGURE 4. QoS [9] 

“5G network infrastructure will be based on the use of cloud technologies, both in 
radio access networks (Cloud RAN) with using SDR (software defined radio) 
infrastructure and in core network (Cloud CN) with using SDN (software defined 
network) infrastructure”[8]. 

2.3.2 SECURITY 
 
Security is a major functionality of any existing system. “Mobile networks will 

increasingly become the primary means of network access for person-to-person and 
person-to-machine connectivity. These networks will need to match advances in 
fixed networking in terms of delivered quality of service, reliability and security” 
[9]. A vision toward the 5G security varies from one to another. As the speed of 
communication is expected to be hundreds of times faster than 4G then the 
probability of spreading virus, Trojan, worm etc. increases the level of unsafety as 
issue so the security of 5G must overcome these issues with practical methods and 
algorithms. There are issues that are challenging to the security of 5G as Dave 
Waterson on security focuses on three points [10]. Firstly, it is challenging when 
billions of devices are connected because it is exposed to the security threats. 
Secondly, as the data transfer speed gets increased, the malicious files are transferred 
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too regardless the size of the malicious files. Thirdly, security breaches might bring 
considerable consequences to the ground for example when 5G technology is 
launched driverless cars might come to play its role in the ground, and if security 
breaches what could happen, of course things that are not expected or worse than 
that. 

2.3.3 MOBILITY 
 
Mobility is a seamless service provides the service to the users that are moving 

and not a standing in a fixed position. The 5G is expected to provide and support 
mobility for a number of needed devices. In addition, it should support high mobility 
such as airplane. Based on a NGMN 5G paper, the mobility requirements for 5G 
depend on a number of specific use cases such as the following [2]: 
2.3.3.1 HIGH SPEED TRAIN 

 
Nowadays high speed trains are being used in many developed countries, and 

expected to be used in the future beyond 2020 in many countries which as the speed 
of 500 km/h. the passenger of these trains might watch high quality movies, play 
video games, of video chatting or telework. These will need a sufficient quality of 
service to convince the passengers at this speed which is a great difficult task to 
handle.  

2.3.3.2 REMOTE COMPUTING 
 
Remote computing is an important part of some people who run business or who 

are involved in it or stakeholders of it. Imagining that beyond 2020 it will be more 
utilized and built into the life of people literally. Remote computing would be used 
to by users even when users go at high speeds by any transportation means, and this 
needs a strong and steady communication with no or a very low latency. 
2.3.3.3 MOVING HOT SPOTS 

 
The capacity will be a challenge beyond 2020 because there will be more 

moving vehicles and big events may arise which might affect the capacity. That 
would be requiring more optimization. 5G could provide a high capacity tackle 
down these issues. 

2.3.3.4 THREE DIMENSIONAL (3D) CONNECTIVITY 
 

Beyond 2020, the connectivity services will be implemented in the civil 
aviation’s the same as they are on the ground and the altitude of an aircraft is about 
12 km. An example of three dimensional connectivity is the sporting events, for 
example the user moves in the air using balloons or skydiving which is high above 
the ground. 

3. PROBLEMS RELATED TO 5G 
 

While the 5G technology has not stepped out into the real world, it would be 
quite unfair to talk about the difficulties that are related to it, but as the rest of other 
technologies there would be some problems. For now, there are some problems 
expected to emerge with 5G technology. As there are chatters among professionals 
about 5 G technology and each of them is proposing their own vision towards 5G 
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technology. Hereby the agreement on standardizing 5G becomes challenging. 
Another problem related to 5G technology is building new infrastructure for the 
deployment of this technology for example new radio interfaces and more base 
stations etc. “Latency is one of the risk areas for 5G. If it is not dealt with right, with 
cars and all the other industries that will depend on it in mind, it could be a real 
problem for the standard” [11].  Below FIGURE 5 shows some more common 
challenges that are related to 5G technology:  

 
FIGURE 5. Problems related to 5G 

 
3.1 ENERGY EFFICIENCY 

 
It’s been promised that 5G technology will provide 90% energy efficient than 

current existing technology (4G/LTE). As its obvious energy efficiency in mobile 
and networking is how many bits transmitted per Joule [2].   
3.2 LATENCY 

 
As aforementioned, in 5G technology the time of latency is expected to be less 1 

millisecond which is totally different from other previous mobile technology that is 
how 5G overcomes 4G. Obtaining one millisecond is a challenging task because 
physical devices must be built to cope with one millisecond in order to maintain real 
time application such as augmented reality and e-health services etc. 
3.3 COST 

 
Big companies such as Huawei and Nokia are both believe that users of 5G shall 

not be charged more than the cost of the current technology [1]. On the other hand, 
bringing such technology to the ground is a difficult task because currently nobody 
can estimate how much 5G devices cost. 
3.4 COVERAGE 

 
Users are all expecting to have a great coverage even when they are at home, 

high speed train or airplane at any time using such 5G technology. Users will not be 
experiencing problems of high density traffic or in crowded situations. 
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3.5 MOBILITY 

 
As it has been above-mentioned mobility speed is expected to be 500km/h for 

overall moving devices such as high speed train/fast vehicles. Moreover, the 
coverage should remain the same even in remote areas when users move from a 
place to another place without losing connectivity.  
3.6 INTERFERENCE 

 
  One of the major issues of the 5G is the interference. It is clear that as the 
number of transceivers increasing the risk for the interference becomes higher. New 
use cases and applications will bring more and more transceivers in the 5G 
technology. Additionally, if there is multiple or simultaneous transceiver 
communication with full duplex communication, there will be theoretically more 
interference. However, some solutions are proposed or suggested for the future use. 
Ericsson suggests a dynamic transmitting so that the transmitter is shut down when 
there is no transmission and wakes up if there is any transmission [12]. Moreover, 
dealing with the electromagnetic waves and the way they are transmitted can also 
make a change in reducing the interference.    

 
4. CONCLUSION  

 
5G is the latest upcoming mobile technology that is expected to be 

commercialized and deployed by the year 2020. Additionally, so many companies 
and organization are currently working to build the structure of the 5G network, yet 
each of them has its vision different than others. So, there is not yet a fixed standard 
or precise definition for 5G. some major characteristics of 5G technology that will 
make it to be unique and different than others is its high data rate, low latency and its 
low power consumption. 5G is bringing into the ground new use cases such as 
higher user mobility, IoT, extreme real time communications and smart society etc. 
These uses cases are the demands and needs of the new businesses industry and 
market and the users usually desire for better technology. This report can be very 
useful as it contains major topics and chatters regarding the 5G technology from the 
5G characteristics or sometimes called requirements to the architecture of the 
technology. After that, it explains the main functionalities of the 5G in terms of QoS, 
security and mobility. Finally, challenges or problems facing this new technology 
are discussed.     
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ABSTRACT 

Our society is becoming technology dependent and this is particular true for people 
in academia. Online Social Network (OSN) is a method to connect students with 
their teachers within the academic environment. This paper reviews the usage of 
OSNs, education in other domains, the association between OSNs and learning style 
as well as its effects in higher education. The review emphasises that OSNs play a 
vital role in enhancing the effectiveness of teaching and learning process in 
academia. However, without proper training programs and awareness against OSNs 
consequences, negative outcomes such as security and privacy issues will occur in 
academic institutions’ IT systems. This affects students and instructors’ personal  

Keywords: Online Social Networks (OSN), Learning style, Academic performance, 
Applications, Security, Privacy issues. 

 

1. INTRODUCTION 
 
The use of OSN websites is growing especially for academic purposes [1]. OSNs 

such as Facebook, MySpace and Twitter opens up an enormous opportunity for 
educational researchers to understand students’ learning style, their development as 
well as improving academic performance [2]. Not only, can an OSN be considered 
as another medium that universities can use to offer support, but also a place for 
students to interact with university staff as well as contain information on university 
resources and culture [3]. 

The Web 2.0 bandwagon with its improved functionality is the reason OSNs have 
become popular. Web 2.0 refers to new interoperable, interlocking type of services, 
where websites would provide components rather than finite, one–stop experiences, 
to encourage users to interact. Users in this paradigm would be, therefore, free to 
combine online services in any way they prefer [4]. OSNs refer to a group of 
Internet-based applications that build on the ideological and technological 
foundation of Web 2.0. OSNs allow interaction between people to share ideas, 
audio, videos, and exchange information [5]. OSNs have been considered as a social 
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technology rather than a formal teaching tool [6] and contribute to higher education 
to improve student’s learning style as well as provide various purposes and potential 
benefits. It can be considered as a learning tool to provide a dynamic virtual world 
between students and instructors [7]. 

It can be also used to enhance the communication and to share information 
between students and instructors by accessing various contents and information from 
anywhere at any time [8]. Therefore, educational institutions can easily reach 
conceptive students according to their interests and availability online. Availability 
of OSNs can motivate students to share their ideas and thoughts. They can discuss 
technical issues inside or outside university. This has encouraged universities to 
further explore the use and effectiveness of OSN as a teaching tool. However, this 
could increase the chance of accessing personal and private data that includes 
student identifiers. This can lead to identity misuse and could be the primary reason 
for targeting academic institutions by attackers [9]. 

This study was motivated to provide a comprehensive overview of the usage of 
OSN in the context of learning style and their effects in higher education institutions. 
In addition to this, identifying areas that need further research in the academic sector 
to improve the awareness against the use of OSN in academia, in an attempt to 
reduce the damage that could be incurred now and in the future from cyberattacks. 
Our research is based on answering the following questions: 
x What is the role that OSNs can play in learning style for students and how does 

this affect academic staff? 
x What effects do OSNs have in regards to education in other domains? 
x What are the issues in sharing different types of contents and private information 

on OSNs? 
x What are the criteria needed to increase the awareness level and qualify 

trustworthy in academic sector? 
The remainder of the paper is structured as follows: Section 2 provides literature 

review for OSNs which covers areas such as OSN usage, the application of OSNs in 
different domains as well as the issue of information disclosure.  The discussion of 
the paper is provided in Section 3 and the paper is concluded in Section 4.  

 
2. LITERATURE REVIEW 
2.1 OSN USAGE AND LEARNING STYLES 

 
The usage of the OSN has changed the way people live and work and it has 

become a necessary need in our daily life including entertainment, professional 
networking and to communicate with those close to us. This plays a vital role in 
increasing the risk of theft, fraud and abuse of personal data. On the other hand, 
there is no country, industry or even individual that is safe from cyber security 
incidents risks and its negative consequences. In the light of this, security awareness 
is particularly important for sensitive information that must be protected at all times 
from cyber-attacks. 

The security of information systems is becoming a leading priority, where the 
number of cyber security incidents rapidly rises and became more and more 
effective and aggressive than before. According to a report in 2013, by the 
Kaspersky Lab, about 91% of the organizations surveys reported that their IT 
Infrastructure had been the target of at least one external attack in the past 12 
months. They also reported that malware, spam, phishing, network intrusion and the 
theft of mobile devices increased significantly compared to 2012 for these five 
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threats. For that, each organization using information systems must take information 
security seriously as a top priority. Awareness against OSNs consequences has not 
to be ignored and it is important to all information security aspects.  

There are hundreds of millions of users use OSNs. They are available, free, are 
engaging and are fun to use. This makes them appropriate to be utilized for teaching 
and learning, particularly towards enhancing social interactions [10, 11]. A number 
of researchers have examined the relationship between the learning style and the 
usage of OSNs. This can help instructors and students to effectively communicate 
and enhance the teaching and learning process in the academic sector [12, 13, 14, 
15].OSNs could also be utilized to upgrade the general knowledge of students and 
instructors. They can exploit the learning functions provided by OSNs, which can 
provide and facilitate gathering information in any place and anytime. It empowers 
students to take classes whenever it seems best.  The students also have complete 
freedom of area and time. Since they can access the data online, they can refer to the 
important information fast, which enhances their effectiveness, motivation and 
interaction in the learning process. The integration of OSNs and the online 
environment can be beneficial for the students for learning purposes and the student 
learning style will be enhanced [15, 16]. Much research has been conducted in this 
area, most of which shows that the use of OSNs can have a positive impact on the 
learning environment. With the technology, universities and educators can spread 
the information online and students can access it more easily.Hamid et al. [12] 
explored the use of social technologies for supporting the interactions between 
students and their instructors across two universities in Malaysia and Australia. The 
results revealed that students identified a number of positive results from using 
OSNs to enhance their interaction among themselves and with their instructors, and 
OSNs would be useful in providing richer insights when they use it for educational 
aims. In another study, [14] measured the impact of OSNs usage compared with the 
usage of traditional learning management system (LMS). They looked into how 
individuals interact and learn within OSNs using a theoretical model of student 
learning, course community and social interaction before and after the intervention. 
The results showed that students experienced higher levels of perceived social 
interaction and the course community had higher levels of satisfaction with OSNs 
when compared to using LMS. The results also confirmed that OSNs yielded a 
higher number of interactions, providing a more engaging learning experience. 

 
2.2 OSNS IN DIFFERENT DOMAINS 

 
Much research has been conducted to study the impact of OSNs in various 

domains [17, 18, 19, 20, 21]. The authors in [19] Investigated if online writing 
affects students writing anxiety and to access overall students’ attitudes towards the 
use of Facebook in the academic domain using quantitative study and based on 
Vygotsky's learning theory and Technological Pedagogical Content Knowledge 
(TPACK) model. The findings showed that there is a positive association between 
writing online via the use of Facebook and reducing anxiety levels and those 
educators also should embrace the use of OSNs in classrooms. 

The authors in [18] studied the impact relationship between OSNs and consumer 
brand using a quantitative method to test the hypothesized relationships. The 
findings showed that a general support for the positive effect of Brand׳s Social 
Network (BSN) benefits on outcome variables. The study also concluded that BSN 
positively influence consumer׳s perception of relationship investment made by the 
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brand, resulting in both brand relationship quality and the willingness to spread good 
words about the BSN. In [20], the authors investigated whether nurses used social 
media as effective educational tools to support their study using Facebook and the 
findings revealed that OSNs have the potential to enhance students’ self-efficacy in 
learning and can deeply support and develop their learning.  On the other hand, 
research conducted by [22] used a series of univariate ANOVAs and regressions to 
investigate how different aged individuals use Facebook. The findings showed that 
there are significant differences in using of OSNs between older adults’ and younger 
generation.  In addition, there is a need for further investigation into the effects of 
OSNs on individuals of different age groups. Game-based learning (GBI) refers to 
the use of computer games that possess educational value or different kind of 
software applications that use games for learning, training and education purposes. It 
is widely used in different domains including military, education, marketing and 
advertising.  Despite its admiration, an assessment of OSNs and its efficiency as a 
learning tool is still vague.  A conceptual analysis framework is proposed by [23] in 
an attempt to evaluate the effectiveness of using GBL in academic domain and the 
findings showed that the learner’s background influenced learner’s motivation to 
learn, and therefore, affected their performance. The authors in [24] examined the 
association between OSNs parameters and student outcomes. They suggested that 
the researchers should further investigate, whether there are conditions under which 
social network parameters are reliable predictors of academic performance. They 
also advise against relying completely on social network parameters for predictive 
purposes. On the other hand, [26] presented a novel cloud-computing-based service, 
which relies on advanced artificial intelligence technique to infer knowledge and 
interest from users in different OSNs. This way enables the authors to have a better 
way to look at a certain degree of the user’s knowledge level on different 
topics.Limongelli  et al., [25] defined a model, which aims to give teachers a 
personalized support, encompassing consideration for their own teaching styles, and 
teaching experience issues during course construction. It is vitally important to 
consider all of these issues in a dynamic way towards the best moral choices for the 
instructors and subsequently improve their students’ performance. 

 
2.3 INFORMATION DISCLOSURE 

 
The number of OSNs users has dramatically increased in recent years and these 

technologies became increasingly necessary in our daily life activities. For example, 
hundreds of millions of users post terabytes of data on several OSNs websites every 
day [27]. OSNs services allow their users to share different types of private contents 
and information such as, photos, videos, age and gender, contacts and interests. In 
addition to this, they can play a vital role in maintaining friend relationships and 
finding support and information. Information disclosure refers to which one allow 
access to aspects of one’s private information, in the case of unauthorized access or 
use in unethical manner to this private information without user’s consent could lead 
to negative consequences such as privacy violation and identity theft [28]. For this, 
more attention should be given to privacy issues in OSNs including who would have 
the right to access these private information and profiles and how the profile data 
would be retrieved, stored, controlled and distributed.A worldwide range of studies 
has focused on the importance of private information disclosure on ONSs. In [29], 
the authors investigated the impact privacy concerns among college students for both 
men and women. The findings show that men have higher percentage of women to 

http://www.sciencedirect.com/science/article/pii/S0747563215002289
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privacy concern and information disclosure. This also confirmed by the study 
conducted [30]. The authors in [31] examined the several factors associated with the 
probability of increased concerns over privacy in 26 Europe countries, their findings 
show that the cultural and socio-demographic are the main factors that can affect the 
level of privacy concerns. In another study conducted by [32] showed that there is an 
urgent need for privacy on OSNs and it is one of the most crucial issues in both 
industries and academic sector. They investigated the effects of several factors such 
as user’s demographics, personal social network size, blogging productivity and 
social network site experience on privacy disclosure. Their findings showed that 
social network site experience and personal social network size are not significantly 
related to user’s privacy disclosure and blog number has positive relations with 
privacy disclosure patterns. 
 
2.4 THE EFFECTS OF OSN USAGE 

 
Despite the fact OSNs bring benefits to many people and organizations. For 

instance, educational institutions can use OSNs to provide their students with 
different information; examples include, the university news, activities, emails, 
courses; academic year calendar, academic staff, student's marks and other personal 
information stored on their computer systems. Therefore, these systems need to be 
protected against a number of threats such as spyware, cross-site scripting (XSS), 
viruses, worms, Trojan horse, phishing, Denial-of-Service (DoS), and Distributed 
Denial-of-Service [33]. It could be used by an adversary not only to effect on the 
organization's assets by stealing their sensitive information, but also could effect on 
the organization's financial side. Therefore, every organization using information 
systems must take information security seriously. 

Many studies have shown that the use of OSNs could have an adverse effect on 
certain locations  For example, spending long time on using OSN at improper times 
inside the classroom or while studying time has a significant effect on academic 
performance and may lead to other problems, such as emotional stress, damaged 
relationships and attention deficit disorder. Another negative consequence is a 
phenomenon [34]. This phenomenon indicates how people keep thinking and 
checking their OSN websites even when they do not need to use it.  

Another concern for students is cyber bullying. It is the act of bullying a person 
using electronic communication tools by sending threatening messages such as, 
viruses or malware to hurt a person through social media websites, chat and emails 
[35]. A survey of 430 students from Greek universities by [36], they found that more 
than half (58.4%) of the respondents had participated in cyber bullying and it is 
becoming more common.  

There are also many studies have investigated the relationship between the usage, 
multitasking of OSNs and students’ Grade Point Average (GPA) [37, 33, 38, 39, 38, 
40]. The findings showed that the students who spend fewer hours per week in 
studying achieve lower GPA than others. This is also confirmed by the study 
conducted by [40]. Similarly, the authors in [39] conducted a survey of university 
students in Saudi Arabia in an attempt to investigate not only the relationship 
between the usage of social media and their academic performance but also to 
specify the most popular social media preferred by the students. The results, 
however, demonstrated that the relationship between social media usage and GPA 
score does not exist. Students highlighted that besides social media use; time 
management is a factor, which affects their studies negatively.   
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On the other hand, [38] investigated multitasking with technologies on the 
relationship between the use of OSNs and students GPA. The study showed, 
decreasing in both the efficacy and productivity in academic setting and their GPA. 
This is also confirmed by [41]. In [42] the authors  investigated the relationship 
between Facebook activities, use, time spent on preparing classes and GPA. The 
findings show that a strong negative association between times spent on Facebook 
and the overall GPA and a weak relationship between times spent on using Facebook 
and preparing of class material.Other studies have focused on the effects of OSNs on 
personality [43, 48, 44, 45]. The primary goal of the study by [46] was to investigate 
the effects of OSNs usage, specifically Facebook on the users and their behavior. 
The findings revealed that the educational use of Facebook is explained directly by 
its purposes of usage and indirectly by its adoption.  There is a relationship between 
both personality behavior and Facebook usage. [44] confirm that there is a strong 
relationship between Facebook user’s photo-related activities and personality traits. 
In another study conducted by [45], the results disclosed that shyness, motivation 
and self-efficiency attitudes and sociability have positively related to OSNs use.   In 
a study reported by [47], it was found that OSNs could be used as a support tool for 
users in their Decision Making (DM) process specifically in three phases including 
intelligence, design and choice. First intelligence is to collect information about a 
problem and identifies its consequences. Second is to understand the problem from 
different sides. In the last phase is the attempt to find out alternatives that can lead to 
the best decision option. The results also revealed that various types of users have 
meaningfully different participation styles, which in turn have impact on the 
effectiveness of the DM process   

 
3. DISCUSSION 

 
OSN networks play a significant role in every aspect of our lives, both personal 

and public communication.  People rely on OSNs to provide them with news, post 
information, share photos and other personal information. These technologies have 
also changed the way people live and interact. By adapting OSNs especially in the 
higher institutions, not only learning can happen whenever and at wherever but also 
it can enhance the student-student and student-instructor interactions. 

Not only OSNs provide both students and teachers access to unlimited amounts of 
information to expand their learning and knowledge prospects, but also they play a 
role in increasing their dynamic educational experiences. OSNs can also be used as a 
channel for communication. They enable collaborative learning within students 
where a group of students is given a problem statement and each of them is expected 
to reach a consensus to submit a single answer or to write a new answer collectively.  

However, the access to this unlimited information by different parties may pose 
to different types of risk and this information needs to be protected from intruders 
danger when it is transferred and it should remain safely stored and the only users 
who have the authority can regulate the collection and use that private information. 
For this, a high level of system security is required to protect users’ records. 
Information Security Management System (ISMS) can play a vital role in improving 
and managing information security aspects, where its main goal is to identify 
approaches, strategic decisions, and methodologies to ensure that the data is kept 
safe from risks and threats. ISMS can also be a very useful tool to bridge the gap 
between management and technical people were both parties have to understand that 
security is not something that could be ignored and it is one of the most important 
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factors to achieve the desired goals in any organization. It is vitally recommended 
that academic institutions implement an ISMS in their environment to ensure that the 
data of students, academic staff, and employees are kept safe. Furthermore, by 
implementing ISO/IEC 27001: 2013 which represents one of the most widely used 
standards, academic institutions can ensure that the security of their private data are 
secured at all levels as well as improve the effectiveness of their information 
security.Aside from privacy concerns, awareness is also an important issue to be 
considered in OSNs. This is because some of end-users are ignorant of this type of 
technology and their consequences, and therefore, they are unable to make balanced 
judgments concerning the level to which it may have a negative impact on their own 
perceived standards of privacy. In order to address and mitigate this issue, First, 
cyber security awareness should undergo meticulous designing and formulation by the 
academic institution at the enterprise level of top management as the highest authority 
responsible for all kinds of security affecting its users, students, academic staff, and 
employees. These policies should then be carried through and executed at all level of 
management to ensure protection and compliance. Second, the awareness should start 
from academic staff to students by teaching about cyber incidents consequences and 
risks of OSNs within workshops, classrooms. Teachers should also educate what is 
new in this field and in this way we will ensure a clear picture of awareness level at 
the individual and institutional level. Third, is to encourage the active use of privacy 
services and facilities within OSN websites. Finally, it will also require actual and 
non-actual regulatory and standards bodies, governments, higher education to 
address the safety measures’ issues to synthesize legislations, directives and 
guidelines for the use of OSNs in academic sectors as part of their comprehensive 
deployment strategy. 

 
4. CONCLUSION   

 
OSNs bring some benefits to people and have effect on academic performance, 

decision-making ability and personality. OSNs enable their users to share different 
types of private contents. This information needs to be away from risks, it is vitally 
important to focus on the security and privacy issues in OSN to protect these 
contents to be away from risks. This would also require awareness framework to 
meet the need for the other substantive safety measures to ensure compliance with 
the law and ethical behavior by students, instructors and academic institutions to 
safeguard their personal and information data now and in the future. OSNs 
technology has changed the traditional idea and way of learning, in that we are 
continually surrounded in learning encounters. In this period of advancement, we 
have a propensity to effortlessly adjust to the innovations and teaching methods that 
develop. Therefore, the combination of OSNs and learning may offer great 
advancement in the conveyance of teaching in the future.  It can be concluded that 
OSNs can play a vital role in enhancing the effectiveness of teaching and learning 
process in academia. This study may assist to be as a database for different 
researchers who aim to examine the usage of OSNs and their issues in academia.  
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ABSTRACT 

Nowadays, Residential buildings have become the most important part of real-estate 
markets in (KRG). The layout of housing in Kurdistan has transformed the face of 
major cities across the Region. Rapid changes since 2003, have witnessed copious 
architectural structures and large housing projects that have reshaped the landscape 
of its cities. The aim of this study is to study the housing developing policy in KRG. 
The objectives of the study are to evaluate the KRG's housing development policy 
and to investigate the types of house and the price range preferred by the potential 
buyer. The study focus on private residential building development projects and it is 
carried out by questionnaires and interviews. The respondents are the house buyers 
and the developers. A total of 100 questionnaires were distributed to the respondents 
and 78 questionnaires were returned duly answered. The data collected is analyzed 
using the SPSS (Statistical Package for the Social Sciences) and Average Index. The 
results of research indicated that the KRG’s housing development policy covers the 
ownership of the project land, full repatriation of project investment and profits 
allowed, import of spare parts tax exempt up to 15% of project cost and the 
employment of foreign workers allowed. Moreover, the types of house preferred by 
the house buyers are of double storey type and to be of corner lot. The price range 
preferred by the potential buyers are between (40,000 to 100,000) USD.  

Keywords: Residential building, Types of House, Housing Development Policy, 
Housing Price. 

 

1. INTRODUCTION 
 

For many people a house is more than a building. Our homes are unique places 
where stories and memories are originated, and where we seek protection from the 
world around us and solace at the close of an eventful day. Most families in the 
developing countries are lacking proper housing facilities. Hence, it is imperative for 
the governments to get involved in the construction of housing for their citizens [1]. 
The government of Malaysia recognizes housing as a basic human need and an 
important component of the economy [2].  

Housing Development implies the construction or initiation of constructing 
housing accommodation exceeding four units. It involves charges of fees and 
executing building operations with the aim of erecting housing accommodation in, 
on, over or under any land; or the selling of units of housing lots exceeding four 
units by the landowner or his agent with the aim of constructing more than four units 
of housing accommodation by the said landowner or his agent. The Kurdistan region 
of Iraq has a steady security condition for its operations. The region when compared 
to other regions in Iraq is acclaimed to be the secured region in the country. Up till 
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now, there is no attacks in the region. Based on its safety, the serene security 
condition catalysed a positive impact on the local community and has enabled the 
restoration of Kurdistan natural environment and has aided the development of its 
economy. This stability is important to foreign investors in the region and they are 
convinced of safety of their investments. This security and safety is an illusion in the 
remaining parts of Iraq and this has prevented investments in those places. 
 

2. PROBLEM STATEMENT  

Residential house development consist of public and private sectors. There are a 
lot of developers nowadays, who invest in private sectors in KRG. There are many 
complexes in KRG which are called village and city, each village or city contains of 
hundreds of houses plus commercial, hospital, schools and so on, some of them 
finished while most of them still not finished, under construction. Eventually, this 
study focus on the complexes in Erbil.   

Housing has been crucial issue in KRG since 2003. Accordingly, the Ministry of 
Planning has a strategic development plan for 2012-2016 which stresses to increase 
grants of land and housing by 20% per year. The buyer has two choices; buying a 
house from a developer or build themselves. Also, a new real-estate law has been 
established in the KRG, Advances of Real Estate. A KRG’s citizen has the right to 
get a determinate of money and it pay back in the following twenty years without 
interest [3]. This reason alone, is a great way to encourage people to build 
themselves.  
 

2.1   AIM AND OBJECTIVE: 
 

The aim of this study is to assess the housing development policy and the 
problems faced by the housing developers in KRG. The objectives of the study are 
as follows: 

• To study the KRG's housing development policy.  
• To evaluate the types of house and the price range preferred by the potential 

buyer.  
• To recommend the reasonable recommendation for the government and 

developers. 
 

 
2.2 SCOPE 

 
The study is carried out in the KRG. The researcher focus on private residential 

building development projects in KRG and additionally, it stresses the types of 
houses preferred by buyers. The study is carried out based on data collected from the 
questionnaires.  
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3. LITERATURE REVIEW 
3.1 USER SATISFACTION AND BUILDING PERFORMANCE 

EVALUATION 
 
Satisfaction studies spans a variety of disciplines in the social science, 

management and the built environment. In general, satisfaction is a subjective 
investigation of the accomplishment of products or services in meeting the needs and 
expectations of users or customers [4]. 

Buildings are similar to other merchandise, they are designed and constructed 
with lots of expectations from users, professionals, the community and clients. For 
clients, buildings need a significant capital financing and are expected to yield 
profits on investment, for professionals (e.g. engineers, builders and architects 
buildings are outcome of their ingenuity and imaginative thinking. On the part of the 
community and users, a key expectation is that buildings will satisfy their needs and 
expectations by supporting their daily chores [5] and finally enhance the aesthetic 
quality of the built environment. To this end, van der Voordt and Maarleveld [6] 
observed that building performance evaluation (BPE) assesses the economic value, 
technical, functional and architectural value of buildings (product evaluation) or 
building procurement process (process evaluation). By identifying the main 
limitation and strengths of buildings from the view of end users. [7], BPE enhances 
the quality of buildings and Performance evaluation of residential buildings in public 
housing estates in Ogun State, Nigeria. Elsewhere in Malaysia, the study by [7; 8] 
established that occupants’ satisfaction is highly associated with the performance of 
public buildings; meaning that user satisfaction has a direct relationship with the 
overall performance of buildings in meeting the needs and expectations of the users 
[9]. 

 
 
3.2 CUSTOMER SATISFACTION  

 
Customer satisfaction is a significant method of obtaining competitive advantage 

in the market place [10; 11; 12] For example customer satisfaction has been found to 
increase market share, enhance profitability, raise repeat sales [13] and enhance 
word-of mouth endorsement. Indeed, countries like Sweden utilise it as an avenue to 
determine national competitiveness [14]. In the light of the above, it is not amazing 
that customer satisfaction features prominently in modern business management 
philosophies.  

In construction, the concept of customer satisfaction has gradually been elevated 
in importance. For instance the ‘Latham report’ identified the customer as being at 
the centre of the construction process [15]. The ‘Egan report’ was more detail on the 
difference between large public sector clients and small inexperienced clients, each 
needed varying levels of leadership, design input and supply chain systems [16]. In 
recent time, an international construction symposium aimed at customer satisfaction 
as the spotlight for future research in the construction sector [17]. These signs 
suggest that the construction industry is starting to increase the recognition of 
customer satisfaction as a tool of attaining competitive advantage in the market place 
[8].  
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3.3 VARIATION IN HOUSING DESIGN: IDENTIFYING CUSTOMER   
PREFERENCES 

 
Companies are being mandated to act in response to the rising individualization 

of demand. Previous studies argued that if companies hope to fulfill customers’ 
needs better than their competitors, they should present diversified products [18; 19; 
20]. In the housing industry there is an increasing customer demand for variety. 
Recent research about construction firms in countries such as the Netherlands [21], 
Great Britain [22; 23], the USA [24], and Japan [25; 26; 27], and revealed that many 
firms are investigating methods of achieving greater levels of custom-made housing 
design. The objective is to maintain a stable price at an acceptable level without 
compromising the advantages of serial, project based production [28]. To achieve 
the required customisation at reasonable cost, it is relevant to understand how 
customers prioritise the different elements such as bathroom, kitchen and roof type 
of a house design. 

 
3.4 HOUSING ATTRIBUTES 

 
Housing attributes have been shown in many studies to range from to 

neighborhood and locational indicators, such as environmental qualities [29; 30] 
extrinsic attributes, such as exterior design and exterior space, to intrinsic housing 
attributes such as interior living spaces,  In respect to the locational attributes of 
housing [31], distance to the workplace, schools, retailing outlets and public 
transportation stations have been identified as important significant considerations 
for house buying. Wang and Li [30] stated that purchasing a house is a multifaceted 
task, involving, for example tenure options, housing types, neighborhoods and 
locations, as future housing preferences will thereafter be determined by a set of 
various attributes. 

 
3.5 SUMMARY OF INVESTMENT LAW (WHICH IS ALSO APPLIED FOR 

RESIDENTIAL HOUSING PROJECTS): 
 

x Total ownership of project land allowed, though investor may not own land 
containing oil, gas or mineral resources. 

x Does not explicitly prohibit investment in these areas, but Supreme Council for 
Investments may allow investment in any sector it chooses other than those 
explicitly listed in the law’s categories (e.g. hotels, transportation, services). 

x Full repatriation of project investment and profits allowed. Project income tax 
exempt for ten years from date production commences or offer of services; no 
provision for extension of income tax exemption. 

x Import of spare parts tax exempt up to 15% of project cost. 
x Hotels, hospitals, universities, schools, tourist institutions granted tax-exempt 

import of linens, carpets, furniture and other renovation items every three years. 
x Employment of foreign workers allowed, provided no capable Iraqis available; 

foreign workers may repatriate earnings. 
x Vehicles, equipment, instruments, etc. tax exemption from duties, taxes and 

import licenses, provided they are imported within two years of approval 
granted by Investment Commission Chairman. 
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x Foreign investor and capital treated on equal footing with national investor and 
capital. 

x KRG will provide services (water, electricity, sewage, public road, 
telecommunications, etc.) to the boundary of the project. 

x Import of raw materials for production tax exempt for customs duties for five 
years. 

x Additional incentives for projects in “less developed areas” and “joint projects” 
between Kurds and foreigners. Foreign and/or domestic insurance of project 
allowed. 

x Supremacy of Kurdistan Law (Art. 115 of Iraq’s Constitution): “If there is any 
contradiction (between this law and “other relevant laws”), the provision of this 
law shall be applicable.”  (32) 
 

4. RESEARCH METHODOLOGY 
4.1 DATA COLLECTION  

 
The data is collected by using online questionnaire. The respondents are the 

clients, contractors, project managers, office engineers, Site engineers and supervisor 
engineers. 

 
4.2 AVERAGE INDEX  

 
The data was studied and analyzed using SPSS. The analysis of the data from the 

received feedback from the questionnaire using SPSS gives average index 
calculation. This index was calculated as follows [33], (See Table 1)  
 

Average Index (AI) = (Σ μ X n) / N                    (1) 
 

Where, μ is Weighting given to each factor by respondents (1 to 5); n is Frequency 
of the respondents; and N is Total number of respondents. 

TABLE 1. 
Rating scale of average index 

 
Average Index Rating scale 

1.00 ≤ Average Index < 1.50 Strongly Disagree 

1.50 ≤ Average Index < 2.50 Disagree 

2.50 ≤ Average Index < 3.50 Undecided / Neutral 
3.50 ≤ Average Index < 4.50 Agree 

4.50 ≤ Average Index ≤ 5.0 Strongly Agree 
  

5. RESULTS AND DISCUSSION 
 
This study focuses on the evaluation of types and price of house preferred by the 

buyers and identify the problems faced the housing developers in Erbil city, KRG, 
therefore the following results were found in relation to the selected objectives for 
the study. 
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Cronbach's alpha is the most common measure of internal consistency 
("reliability"). It is most commonly used when you have multiple Likert questions in 
a survey/questionnaire that form a scale and you wish to determine if the scale is 
reliable. The alpha coefficient for the 43 items is 0.995, suggesting that the items 
have relatively high internal consistency.  (Note that a reliability coefficient of .70or 
higher is considered "acceptable" in most social science research [34], (See Table 2). 

TABLE 2. 
Reliability statistics 

 
Cronbach's Alpha Cronbach's Alpha Based on Standardized Items N of Items 

0.995 0.995 43 

 
 

5.1 QUESTIONNAIRE SURVEY 
 
Questionnaire was design online and the data collected were analyzed to evaluate 

the types and price of house preferred by the buyers and to achieves the objectives 
that mentioned previously. 

Table (3) shows the degree of respondents, Bachelor has the biggest portions of 
the table with 60.26 %. While the master is almost half of bachelor with 34.62% of 
total number of participants. However, PhD comprise 2.56% of respondents. In 
contrast, high school and Diploma has the smallest percentages with only 1.28%.  

 
TABLE 3. 

Respondents’ degree 
 

Degree Frequency Percentage % 
High School 1 1.28 
Diploma 1 1.28 
Bachelor 47 60.26 
Master 27 34.62 
Phd 2 2.56 
Total 78 100% 

 

Below table describes the profession of respondents, it can be seen that the most 
of the participants (36%) were supervisor Engineer. Likely, 28% of them were Site 
Engineer. While, Project Manager and Office Engineer together make up the same 
portion of site engineer. Finally, Contractor and Client comprise the smallest portion 
of Pie chart with 5% and 3%, respectively.  

TABLE 4. 
Respondents’ profession 

 
Profession Frequency Percentage % 
Site Engineer 22 28% 
Supervisor Engineer 28 36% 
Office Engineer 11 14% 
Project Manager 11 14% 
Contractor 4 5% 
Client 2 3% 
Total 78 100% 
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As it has been shown in table (5), it is very important that the majority of 
respondents have more experience in order to make the data more accurate. It can be 
seen from below table that 42% of them have experience of (4-8) years, 35% less 
than 4 years, 17% for 8 – 12 years and 6% over 15 years. It can be concluded that 
majority of the respondent working experience ranges between 4 – 8years. 
  

TABLE 5. 
 Respondents’ year of experience 

 
Year of experience Frequency Percentage % 
Less than 4 years 27 35% 
4-8 years 33 42% 
8-12 years 13 17% 
more than 15 years 5 6% 
Total 78 100% 

 
 

5.2 TO EVALUATE THE TYPE OF HOUSE AND THE PRICE RANGE 
PREFERRED BY THE POTENTIAL BUYER.  

 
Table (6) shows the price category that preferred by potential buyer to buy from 

developers. As it has been shown that 36% of them would like to buy for (40000–
60000) USD. Similarly, 37% of them preferred to buy for (90000-150000) USD. In 
contrast, the smallest number of respondents with only 3% want to buy for more 
than 150000 USD.  

TABLE 6. 
 Price category of houses preferred by buyers 

 
Price category (USD) Frequency Percentage % 

less than 30000 4 5% 
30000 - 40000 15 19% 
40000 - 60000 28 36% 
90000 - 150000 29 37% 
more than 15 0000 2 3% 
Total 78 100% 

As it has been described in table (7), the majority of people in KRG would like to 
have double storey house with 80%. Unlikely, only one fourth of that number 
prefers single story house with 20%. However, no one would like to buy triple storey 
house.  

TABLE 7. 
Level of house preferred by buyers 

 
Type of house Frequency Percentage % 
Single storey 15 19% 
Double storey 63 81% 
Triple storey 0 0 
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Total 78 100 
The table (8) shows the preference of house’s type by respondents. As it is clear, 

most of them (38%) would like to have corner house. Almost half of that (14% and 
13%) preferred semi-detached and detached. 

 
TABLE 8. 

Type of house preferred by participants 
 

Category  of house Frequency Percentage % 

Detached 10 13% 
Semi-detached 11 14% 
Row house 9 12% 
Terrace 3 4% 
Flat 15 19% 
Corner house 30 38% 
Total 78 100% 

 
 

6. CONCLUSION 
 
As it has been mention, the KRG has a great law which encourage foreign and 

local investors to invest in Kurdistan. There are many advantages; firstly, services 
will be provided to the boundary of the project, like; water, electric, public road, etc. 
Secondly, foreign workers are allowed and Project income tax exempt for ten years. 
Last but not least, tax free for any kind of import related to the project such as; 
vehicles, equipment, spare parts, raw material and so on. 

 
Regarding to the Type and price preferred by the potential buyers. From the 

study, the majority of people in KRG prefer corner house (double storey) with price 
between (40,000 –100,000) USD. 

 
7. RECOMMENDATION  
RECOMMENDATION TO KRG AND DEVELOPERS 

Based on the result of this study, the researcher believe that it is essential that 
KRG should modify its housing policy to meet customer’s (people) requirement by 
suggesting several points, as listed below:  

 
• The type house for the new project should be semi-detached with double 

storey. 
• The price for each house should be ranged between (40000 – 10000) USD. 
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ABSTRACT 

The significance of occupational health and safety is understood better day by day, 
and in this respect, countries make various arrangements and work. Measures are to 
be taken against occupational accidents and diseases are determined, laws, 
regulations and legislations are made accordingly. In the construction sector, which 
is one of the most dangerous sectors in terms of safety, thousands of accidents 
happen every year. Those accidents include a wide range of simple cuts and 
scratches and life changing serious injuries and death. It is also important to consider 
the demolition work, which is one of the branches of the construction sector and is 
permanently in our daily life, according to the occupational health and safety. In this 
article, the demolition work is discussed according to the statistics of the 
occupational health and safety, and occupational accidents in the demolitions are 
considered. The accidents studied and classified are taken from all 653 occupational 
accidents in the demolition works registered in 1984-2012 in the workers’ section of 
the US Occupational Safety and Health Administration (OSHA). According to the 
analyzed records, each kind of hazard in the demolition works are evaluated with 
regard to different work procedures and the results are shown. 

Keywords: Occupational Accidents, Demolition Works, Accident Analysis, 
Occupational Accidents in Demolition Work. 

 
1. INTRODUCTION 

 
Today, the demolition work has become an indication of the economic activity of 

different countries. The presence of demolition works is considered as a sign of 
progress, improvement and growth [1]. Several urban transformation projects are 
applied in different cities of countries due to various needs of growth. Urban 
transformation projects also accelerate the demolition works. The hazards between 
the demolition works and construction works are generally common, however the 
demolition works has its own hazards. The substances in the composition of the 
materials demolished or removed (lead paint, in the presence of asbestos) and areas 
with sharp edges or protruding spikes may be examples of those hazards. Moreover, 
accidents like collapse and breaking glass due to the damage of the building during 
the demolition works also happen frequently.  Demolition works are generally small-
scale works, and it is a sector in which contractors are self-employed and workers 
are unqualified [2]. In addition, if non-professional demolition companies are not 
inspected according to the occupational health and safety, they may increase the 
likelihood of accidents. 

Demolition works is a type of job that is always requested to be faster and 
cheaper than general construction works. In the project management sector there are 
three important variables that have to be taken into account, the time, cost and the 
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quality of work. If deadline is low and the cost is cheaper then the labor quality is 
generally poor. In addition, due to the different types of structures and various 
techniques of demolition, it makes demolition works more complicated [3].  

In United States there is not enough data specifically stating the number of 
injuries and fatalities occurring in the demolition works [4]. OSHA indicates that 
nearly 1,000 citations for violations of OSHA’s construction demolition standards 
between 2009 and 2013. The citation issued resulted a failure to conduct an 
engineering survey determining the state of the structure before demolition [5]. In 
United States 945 demolitions occurred and 11,615 workers were employed in 1994 
[6].  

The demolition works in the construction industry is a type of job that is very 
hazardous in which fatal and non-fatal occupational injuries occur most frequently. 
In this article, the demolition works is discussed according to the occupational health 
and safety, the occupational accidents in demolition works are considered. There are 
limited databases in terms of occupational health and safety. According to study the 
accidents classified are taken from all 653 occupational accidents in demolition 
works registered in 1984-2012 in the workers’ section of the US Occupational 
Safety and Health Administration (OSHA). OSHA database is a strong and effective 
database in terms of safety and health. Because employers must report all work-
related fatalities and hospitalization within 24 hours to OSHA. In the analyzed 
records, each kind of hazard in demolition works is evaluated with regard to 
different work procedures and the results are shown. 
 
2. DEMOLITION WORKS IN TERMS OF HEALTH AND SAFETY 

 
Demolition is defined and/or stated in the various standards of different countries 

[7], [8], “Demolition work” means complete or partial destruction, dismantling, 
wrecking or taking out any structural member of a building.  

Demolition work (demolishing or dismantling buildings or other structures) is one 
of the most dangerous works that the severity of the accidents in demolition works 
are quite high. Due to this high risky work, at the project planning phase very 
serious measures should be taken in demolition works especially in terms of safety. 
A good demolition project should be prepared for a good plan predicting the hazards 
beforehand. Design, planning and implementation are the three basic stages of a 
demolition project and should be considered as projects independent of each other 
[9]. Health and safety measures are to be taken in each stage and should be studied 
considering the significant factors in Figure 1. After defining those factors, the 
health and safety management strategies are to be implemented and should be 
determined. 

 
 
 

FIGURE 1. Significant health and safety factors during the demolition 
process phases  
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3. MATERIALS AND METHODS 
 
This study started with literature review by searching several data bases [10] - 

[14] and sources [7] - [9], [15] - [20]. The search included the key descriptions: 
occupational accidents; construction accidents; demolition works; demolition 
accidents; occupational safety; occupational safety in construction; accident 
analysis; occupational accidents in demolition work and accident analysis in 
demolition works. Based on the literature types and classifications of accidents 
occurring in the construction sector and demolition works are inspected. In Table 1, 
the kind of hazards that happen in the work procedures are shown based on 
inspected accident reports and literature researches [7] - [8], [10] - [11], [21] - [24], 
[25] - [26]. 

 
TABLE 1. 

The kinds of hazards occurring in the demolition work procedures 

* 1. Asbestos Exposure 2. Overturn/Collapse of buildings or structures 3. Electric Shock 4.  Slipping/  
   Tripping/Fall/Stumbling 5. Cuts/Scratches/Jamming/Hitting/Puncturing/Manual Operation 6. Machine  
   Accidents 7. Hit or Fall of Objects/Flying Debris 8. Traffic Accident 9. Fire 10. Falling from Heights 
 

3.1 DATA COLLECTION FROM THE ACCIDENT REPORTS 
 
The source of data is official statistics and records archived by the US 

Occupational Safety and Health Administration [27]. The works collected by the 

Demolition Work Procedures Hazard/Accident Type* 
1. Exposure to Asbestos 1 
2. Compressed Air and Air-operated devices 6,7 
3. Control of Chemicals Hazardous to Health    
4. General Demolition Procedure 2,3,10 
5. Dust   
6. Demolition Machines 3,6,7,8,10 
7. Risk of Fire ( Works of Demolition and Dismantling) 9 
8. Demolition without Machines (Manual) 4,5,7 
9. Hand Tools 5,7 
10. Fencing 4,5,7 
11. Working at Height 2,3,4,7,10 
12. Active Service in the Area 3 
13. Manual Operation 5 
14. Noise – General   
15. Working near Roads and Sidewalks 8 
16. Mobile Scaffoldings 2,3,7,10 
17. Slipping, Tripping and Falling 4,5 
18. Soft Dismantling Work in Buildings 4,5,7,10 
19. Third Persons and Common People   
20. Working on Mobile Elevating Work Platform 2,3,7,10 
21.  Loading Containers 2,6,7,8 
22.  Hand Contact with Broken Glass 4,5,7 
23.  Working on Stairs 3,4 
24.  Manually Operated Grinders 5,7 
25.  Dismantling Asbestos 1,5,10 
26.  Working with Vibratory Compactors 7 
27.  Excavations 2,3,7 
28.  Remote Demolition of Buildings 2,3,6,7,8 
29.  Crushing and Grinding of Materials 6,7,10 
30.  Dismantling of Steel Constructions 2,3,6,7 
31.  Environmental Effects   
32.  Personal Protective Equipment   
33.  Demolition- Falling Materials 7 
34. Traffic Management 6,7,8 
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Occupational Safety and Health Administration (OSHA) shows the work-related 
injuries and illness’ data obtained from companies within specific industries, and 
also shows the employment size specifications.  

The Accident Investigation Search page allows us to search the OSHA’s 
Integrated Management Information System (IMIS) enforcement database for 
casualties which contain specified terms. This is obtained from the Accident 
Investigation (OSHA-170) form. The database is updated daily. In the past, the term 
"accident" was regarded as an unplanned, unwanted event. To many, "accident" 
suggests an event that was random, and could not have been prevented. Since nearly 
all worksite fatalities, injuries, and illnesses can be prevented, OSHA suggests using 
the term "incident" investigation. Incident investigations are those that focus on 
determining and correcting root causes, not on finding fault or blame. This study 
analyzes all 653 demolition accident records archived by the OSHA from 1984 until 
2012.  

 
3.2 CLASSIFICATION OF ACCIDENTS 

From the demolition accident search results it can be seen the damages of the 
accident (fatal or non-fatal), the main causes of the accidents (collapse, fire, etc.) and 
also shows the demolition work procedures. Furthermore, important types of 
demolition accidents are classified according to the demolition work procedures 
(Table 2). 

 
TABLE 2. 

Accident types in terms of work procedures 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 10 types of hazards shown in Table 2 are a result of the  

34 different types of work procedures shown in Table 1. And these hazards are based 
on real accidents. Also, the 34 different types of work procedures shown in Table 1. 
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have been summarized to 12 work procedures shown in Table 2. The most common 
work procedures have been reduced to 11 and the 23 different work procedures 
shown in Table 1 falls under “other” in Table 2. And the total is 12. The 
summarization occurred for the following two reasons. The first reason is that 95% 
of all accidents occur as a result of the 11 kinds of work procedures shown in Table 
2. The other reason is that the accidents occurring as a result of the “other” work 
procedures already exist in the 11 work procedures. For instance, one of the work 
procedures, “General Demolition Procedure”, has the hazard of “Falling from 
heights”. However, “Working at Heights” is already a sub-procedure of the “General 
demolition procedure”. If an evaluation is to be made considering the previous 
studies it can be seen that the rate of the accidents in demolition works in the 
construction sector has increased [22], [23]. While falling is the first in the rank of 
the results of accidents in construction in general, the collapse of buildings is the 
first in demolition works. It is stated that falling from heights and falling objects 
come next in the rank as the most common accident types. 

According to the research of the 653 accident reports, hazards causing death, 
injury or any kind of health problems. It can be easier to take the advantage of that 
data with checklists focused on hazards. For instance, looking at the statistics in 
Figure 2, it can be seen that 49% of accidents resulting in death are caused by the 
collapse of buildings.  

 

 

 
 
On the other hand, according to Figure 3, the percentage of fatality in harming the 

other workers on site is 45% and the percentage of fatality in falling/hitting objects 
is 31%. According to this the fatality rate in harming the other workers is higher than 
the fatality rate in falling/hitting objects. This data gives stronger information about 
what kind of accidents happen in what kind of work procedures. 

 

 

 FIGURE 3. Amount of accidents resulting in death or injury caused by 
demolition machines   

FIGURE 2. Amount of accidents resulting in death or injury in general 
demolition procedure   
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4. RESULTS AND DISCUSSION 

 
The above mentioned considerations can provide extensive information to help 

assess the severity potential. The severity of the workplace accidents and the 
possibilities are important factors to understand occupational accidents. For 
example, Figure 4 shows demolition fatalities between the years of 1984 and 2012 in 
US. Companies can use this information to prioritize their occupational focus when 
assessing the severity of potential accidents. The most occurring fatal accidents are 
shown in Figure 5. According to Figure 4 and Figure 5, the demolition works have 
high rate of occupational fatality. Most of fatality occurs in the collapse of buildings, 
falling from heights, machine accidents and electrocutions. 
 

 

 

 
     

  
The above figures do not show the safety precautions in the demolition works. 

But with this data there can be a strategy made in order to deal with the injuries 
caused in the demolition works and also how to prevent those accidents from 
occurring.  

It is difficult to calculate the possibility of accidents in demolition works in the 
construction works because of the existing reporting systems. This is because the 
reporting systems are generally for continuously repeated tasks in other sectors and 
therefore the above mentioned concepts are not suitable for the construction sector in 
which there are lots of uncertainties. In the construction sector, even if two 
construction projects are same as each other, they differ because of the uncertainties 
of the construction sector.  

There are studies in literature that prove that accidents in each worksite can be 
very different from each other [28]. In Table 3, there are fatal accidents, injury 

FIGURE 4. Demolition Fatalities   

FIGURE 5. Fatal Accidents   
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accidents and annual average of accidents in demolition works according to the 653 
accident reports recorded between the years of 1984 and 2012 by the worker’s 
section of US Occupational Safety and Health Administration (OSHA). As it can be 
seen in Table 3, the rates shown by percentages gives a good idea on the severity and 
probability of accidents. 

In the study, the value of the accident probability is reached by calculating the 
percentage of accident types in occupational accidents occurring in demolition 
works. As a result, it can be calculated the probability of all types of accidents 
according to the types of work procedures. According to the 653 accident reports the 
different types of accidents were classified in terms of demolition works, and the 
number and the rate of the accidents are found.  A classification was made according 
to insufficient data and it was not suitable for analyzing a complete conclusion, but it 
makes it possible to evaluate the situation of the occupational safety in demolition 
works in general. According to Table 3, the rate of the probability of accidents 
according to the collapse of buildings is 28,79%. It is also shown that the “total fatal 
accidents” 383 and the majority of these accidents occurred in the “collapse of 
buildings” and “falling from heights”, So precautions have to be taken while 
working in these procedures. In one year the total average accidents is 23,32 and 
6,71 is due to collapse of buildings. 

 
TABLE 3. 

Number of accident types and accident probability 

 
In order to accomplish a safe demolition work inspection should be done with the 

help of hazard checklists [25]. With the help of hazard checklists, the probability of 
accidents will be reduced in the demolition works. Hazard checklists also make it 
possible to do a risk analysis before each work that has risk. 
 
4.1 MOST FREQUENT DEMOLITION ACCIDENTS 
 

According to the results from OSHA, the demolition accident reports show that 
six of the most frequent accidents are; collapse of buildings, falling from heights, 
struck by falling objects/flying debris, machine accidents, electric shocks and 
slipping/tripping/fall/stumbling are responsible for the 96.36% of all fatalities in the 
demolition works in the US. The most frequent accident causing fatalities is the 

Accident Report Fatal 
Accident % Injury 

Accident % Total 
Accident % 

Average 
Accidents 
in a Year 

Collapse of buildings 119 31,07% 69 25,56% 188 28,79% 6,71 
Falling from Heights 105 27,42% 66 24,44% 171 26,19% 6,1 
Struck by Falling 
Objects/Flying 
Debris 

73 19,06% 57 21,11% 130 19,91% 4,64 

Machine Accidents 42 10,97% 14 5,19% 56 8,58% 2 
Slipping/Tripping/ 
Fall/ Stumbling 14 3,66% 25 9,26% 39 5,97% 1,39 

Electric Shock 16 4,18% 2 0,74% 18 2,76% 0,64 
Fire 3 0,78% 13 4,81% 16 2,45% 0,57 
Cuts/Scratches/ 
Jamming/Hitting/ 
Manuel Handling 

2 0,52% 11 4,07% 13 1,99% 0,46 

Traffic Accidents 1 0,26% 1 0,37% 2 0,31% 0,07 
Asbestos Exposure 0 0,00% 3 1,11% 3 0,46% 0,11 
Others 8 2,09% 9 3,33% 17 2,60% 0,61 
Total 383 100,00% 270 100,00% 653 100,00% 23,32 
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collapse of buildings/structures. The factors that lead to the collapse of buildings is 
that employees are can not know the stability of the structures, employees being at 
the wrong place at the wrong time during the demolition works, incorrect setup and 
early disassembling of scaffolds are the general cause of collapse during demolition 
works. Therefore, a supervisor must be appointed during the demolition works and it 
should be someone who is highly experienced in both demolition works and building 
construction. Before proceeding with the demolition works the supervisor should 
carefully examine the building plan of the property. If the building plan is not 
provided the supervisor should make a survey to identify the structural type so that 
the demolition work can be constructively planned. After the examining the building 
plan, a proper demolition method can be chosen and the supervisor should lay out 
the working process to the employees and other operatives. The supervisor should 
not only explain the working process but should also explain the safety risks 
involved and how to prevent the risk from occurring. Supervision should be done 
continuously. 

Falling from heights can be categorized by the following factors; falling through 
fragile material, falling from edges and holes, falling from ladders and falling from 
scaffolds or work platforms. 

Figure 3 divides the “Machine accidents’’ category into separate types of 
accidents. Most machine accidents are caused from harming others, struck by falling 
objects and overturning. This is because workers don’t follow the rules and 
regulations and it is suggested that there should be more signboards in the working 
sites to increase the awareness of accidents. Due to technology machines are used in 
demolition works and it has been advantageous in the safety and security. In the 
demolition sector, the usage of machines, has increase the efficiency of work and it 
has replaced the number of people needed to perform many operated tasks. 
However, this is also created one hazard which is being “struck by” workplace 
machinery. Due to human error these hazards are namely man machine interface. 
 

TABLE 4. 
The comparison of demolition accidents and overall construction accidents 

Fatal Demolition Accidents  Fatal Construction Accidents 
Cause of Accident % In Demolition  Cause of Accident % In Overall Construction 

1. Collapse of Buildings 31,1  1. Falls 39,9 
2.  Falls 27,4  2. Electrocutions 8,5 
3.  Struck by Objects 19,1  3. Struck by Objects 8,4 
4.  Machine Accidents 10,1   4. Caught–in/between 1,4 

      
As can be seen from Table 4 the trend of demolition related fatal accident causes 

is different as compared to the trend of overall fatal construction accident causes. 
The data for overall construction accidents taken from OSHA accident reports is 
commonly known as “Fatal four” [29]. 

The rate of accidents in the construction sector and also during demolition works 
is regarded as high. However, accidents can be prevented with usage of appropriate 
safety measures. Reducing accidents and studying the effect of safety measures in 
demolition works must begin with an understanding on the causes, origins and 
patterns of the construction accidents. One of the main reasons of demolition 
accidents are because of unsafe working conditions and incorrect acts. Demolition 
accidents can be prevented by determining the main factors leading to accidents, 
techniques such as the theory of an accident and human errors can determine why 
accidents occur [17]. The main reasons for unsafe working conditions are the 
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following; (1) Unsafe working conditions is a naturel factor in a demolition site, (2) 
nonhuman related event(s), (3) employee or coworker incorrect acts and (4) 
Management actions. A worker can make mistakes whether the conditions were safe 
or not. For example, taking the decision to proceed working in dangerous conditions, 
not wearing appropriate personal protective equipment such as not wearing a hard 
hat or safety glasses, working while intoxicated, working with insufficient sleep, etc. 
[30]. OSHA stated that accidents can be reduced by the elimination of hazards, 
substitution, engineering control, administrative control and using personal 
protective equipment [31].  

     According to most frequent fatal demolition accidents which can be seen in 
Table 4, it is suggested to prepare a checklist in “what-why-how” manner prior to 
prevent demolition work accidents. Table 5 shows an implementation in “what-why-
how” manner for operatives falls in the OSHA demolition accident reports. 
  

  TABLE 5. 
The Preparation of the “what-why-how” checklist for most frequent demolition 

accidents 
WHAT (Cause/Hazard of Accident): Falls  
WHY (It 
happens - 
hazards) 

HOW (To prevent or reduce) 

Operative
s falling 
from 
scaffold, 
roofs, 
MEWP’s 
etc. due to 
several 
reasons. 

1. Working at heights should only be performed when no other practicable option is available. 
2. Working at heights risk assessment should be carried out. 
3. Some measures should be taken, e.g. safe working platforms, edge protection and fall 
protection. 
4. Safe working platforms should be inspected regularly.                                                                                                                                                                                                                                                                                                                    
5. Wherever possible a safe working platform, should be set up by trained personnel. 
6. Fragile roof areas should be protected or access to the area should be prohibited. Edge 
protection should be set up at all open edges where falls could occur.   
7. All operatives should wear appropriate personal protective equipment and safety footwear.                                                                                                                                                                                                
8. Operatives should wear a full body safety harness and restraint lanyard attached to a suitable 
anchor point when a fall is possible. 
9. Where fall arrest equipment is used, a rescue procedure and equipment must be available on site. 
10. Safety netting or air bags to be positioned underneath where restraint is impracticable                                                                                      

 
The danger of demolition works can be reduced and prevented through correct 

planning, training, efficient standards and suitable personal protective equipment. 
Demolition works which are efficiently controlled can increase the safety of workers 
and the surroundings, which will then reduce injuries and accidents [32]. All 
demolition works should be planned efficiently before carrying out the work.         

Planning involves collecting worksite information, health and safety precautions, 
planning safe demolition activities and choosing contractor. Personal protective 
equipment alone is not unique to demolition works, highly experience knowledge is 
required for the proper equipment for usage. Personal protective equipment 
selection, use, and maintenance are also important factors for construction 
management since demolition works frequently exposes workers to unique height 
risks. To maximize the protection of workers’ safety nets, retractable lanyards, full 
body harnesses and specialized anchoring systems may be required for use [33].  
The correct amount of information, good instruction and training must be available 
for the personnel to ensure that the work is done in a safe manner. Highly 
supervision is required during training and in the work as operatives may lack 
experience and awareness of the dangers which may be encountered during the 
work. The demolition of buildings and structures should be performed according to 
the recommended standards. 
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5. CONCLUSION 
 

According to the research, it is proved that demolition accidents can be 
categorized effortlessly. The demolition accidents provided in the study gives 
detailed information about the causes of accidents. 77,6% of accidents are collapse 
of buildings, falling from heights and struck by falling/flying objects. The rate of 
accidents in the collapse of buildings can be reduced through proper supervision and 
experience in choosing the proper demolition method. Even if the simplest and safest 
method is used in demolition works, accidents still occur on records. The prevention 
of falling from heights and “struck by” accidents can be maximized by the proper 
use of equipment and in some situations the prevention of falling materials should be 
concerned. 

The information about safety risks in demolition works is limited. Because there 
is less study focused on demolition safety, as a conclusion demolition works has 
generally been considered as a small area in the construction sector until now. It is 
also found that the rate of most fatal and severe accidents occur in the demolition 
works. This is why there should be more focus in the demolition works. A better 
understanding of the safety risks in demolition works is therefore needed to reduce 
demolition related accidents in the future. With increased development in countries, 
demolition work has become an important branch of the construction business and 
needs to be considered more. While the result of this study is based on very limited 
data; nevertheless, it has shown that there are differences between injury trends in 
demolition works and construction works. Safety precaution methods during 
demolition works must be different from normal construction works and should be 
with greater attention on how to bring down a building structure safely and how to 
avoid unintentional collapse. 

Through the data gathered from this study, it can be concluded that proactive 
actions are required to overcome the safety issues in demolition works. Demolition 
works are performed even more every day.  

There should be a common view on hazards in demolition works. The method of 
demolition should be chosen to provide health and safety but not according to the 
existing tools and materials. In respect to this, an effort can be made even to develop 
new demolition methods. 

Most of accidents are attributed to human causes and that this is a trend likely to 
increase in proportion to the reliability and probable sophistication of the hardware 
tools. It is expected that “safety climate” provided in worksites may reduce the 
number of accidents. Workers’ social, psychological and financial aspects and also 
their working hours and health may be considered with regard to this climate.    

Certain licenses and certificates should be required for the companies and 
individuals that will do demolition works. Everybody and every company shouldn’t 
be free to do demolition works, as they please. They should be subjected to certain 
criteria and qualifications. With the help of the easy to use “what-why-how” 
checklists created, controlled safety measures should be made in demolition sites 
and should be very practical. 
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ABSTRACT 

A finite element (FE) and boundary element based soil–structure interaction (SSI) 
models are presented and parallelized for applications on distributed systems. The 
SSI models are established by combining two methods: the Scaled Boundary Finite 
Element, Infinite Element or Boundary Element Method for modeling the soil region 
extending to infinity (far-field), and the standard FE for the finite region (near-field) 
and the structure. By using these combined models, several computer programs for 
harmonic and transient analyses of soil–structure systems are coded. The models are 
investigated by solving various example problems existing in the literature. The 
results of the models agree with the results presented in the literature for selected 
problems. The advantages of the model are demonstrated through these 
comparisons. In order to decrease the computation time and achieve the solution of 
large-scale problems, the models are parallelized. As a result of these parallel 
solutions, significant time is saved for large-scale problems.  

Keywords: Soil–structure interaction; Parallel; Finite element, Boundary element; 
Impedance. 

 
1. INTRODUCTION 

 
In soil–structure interaction (SSI) problems the ability to predict the coupled 

behavior of the soil and structure is necessary. Therefore, these problems require 
combined soil and structure models. While structure models are very well 
established in the literature, soil models involve complicated analysis due to their 
unbounded nature. The main difficulty in modeling the soil region arises from the 
propagating wave characteristics in the soil medium. The main goal of many related 
engineering studies is to develop SSI models, which are reliable and easy to 
implement. There are numerous valuable works in literature, which are focused on 
the proposition of mathematical models for soil region of the SSI problems. Most of 
these mathematical models require a solution defined over a computational mesh. 
For practical purposes, a limited size computational mesh is required. 

Therefore, soil region, which extends to infinity, is truncated at certain regions 
called artificial boundaries. The waves propagating through the soil medium should 
be dissipated at the artificial boundaries of the computational mesh. This condition 
somehow has to be satisfied in the mathematical models. The main challenge in SSI 
analyses is the representation of energy dissipated at the artificial boundaries.  

Soil region, which in many cases presents a complex and nonlinear behavior, can 
be discretized using the Finite Element Method (FEM), the Boundary Element 
Method (BEM) or hybrid models. All of these have advantages and disadvantages 
depending on the applied problem.  
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      FE models require a large-scale mesh to represent the surrounding soil medium 
(near-field), which is bounded by the far-field that is represented by artificial 
boundaries. In numerical modeling of wave propagation problems the presence of 
artificial boundaries introduces spurious reflections, which contaminate the solution. 
This error can be avoided by introducing special boundary conditions, which might 
be referred to as radiation damping. These special boundary conditions such as 
transmitting, non-reflecting and silent boundaries absorb the wave energy. The non-
reflecting viscous boundaries developed by Lysmer and Kuhlemeyer [1] and White 
et al. [2] have been widely used for various dynamic soil–structure interaction 
problems. These boundaries are only capable of transmitting plane and cylindrical 
waves and, therefore, must be located far away from the structure or source of 
dynamic load. This results in large- scale FE meshes.  

     Another way of treating these artificial boundaries might be introducing infinite 
elements for modeling the far-field of SSI problems. These elements were proposed 
by Bettess [3] to obtain solutions to static and steady- state dynamic problems. Since 
then, many authors, including Medina and Penzien [4], Yang and Yun [5] and Yerli 
et al. [6] have successfully extended the infinite element formulation to model wave 
propagation problems in an infinite medium. Similar to the artificial boundary 
treatment discussed in the previous paragraph, a fine FE mesh is required to define 
the near-field for reliable predictions when infinite elements are used along the 
truncated regions.  

      For a complex or arbitrary shaped body subjected to dynamic loads requires the 
use of discrete numerical methods such as the finite element method (FEM) or the 
boundary element method (BEM). These two methods can be formulated in time or 
frequency spaces, and each has relative advantages and disadvantages. The 
properties of the system to be analyzed, such as geometry, material properties, 
boundary conditions, and type of loading are the dominant effects to make a decision 
of which methods should be used. The FEM is well-suited for linear and non-linear 
behavior of complex or arbitrary shaped structures with non-homogeneous and 
anisotropic material properties. For systems with infinite or semi-infinite extension, 
however, the use of the BEM is more effective than FEM. The scaled boundary-
finite element method (SBFEM) is an alternative and effective method for modeling 
systems with finite and infinite extension having non-homogeneous and 
incompressible material properties. The SBFEM is developed and applied to SSI 
problems both in time and frequency domains by Wolf and Song [7], and Wolf [8]. 
Recently, it is applied to the structural elastodynamics [9,10], crack [11–13] and 
fracture mechanics [14,15] problems.  

     In order to profit from advantages and evade disadvantages of these methods, 
many authors have developed combined formulations for SSI problems which are 
composed of finite and infinite media. Numerous studies on coupled models are 
available in the literature. The coupled finite element and boundary element method 
(FE-BEM) is the most widely used combined model in both time and frequency 
domains [16–18]. The main developments regarding FE-BEM combinations are not 
discussed in this paper, but comprehensive reviews can be found, for instance, in 
Beer and Watson [19] and Stamos and Beskos [20]. The progress of the BEM for 
numerical solutions for elastodynamic problems and major developments are 
reported in details in the important reviews made by Beskos [21,22]. For this work, 
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it is also convenient to point out some recent publications: Antes and Steinfield [23], 
dealing with 3D BEM/BEM coupling in time domain; Guan and Novak [24], to 
analyse 2D transient problems using a BEM formulation combined with rigid strips; 
Von Estorff and Firuziaan [25], dealing with a coupled BEM/FEM approach for 
nonlinear soil-structure interaction in time domain; and Von Estorff and Hagen [26], 
to analyse 3D transient elastodynamic problems by an iterative coupled BEM/FEM 
Model in time domain. In addition to these studies, a BEM based formulation and a 
computer programme is proposed by Tanrikulu et al. [27] for 2D and 3D SSI 
problems with layered domains. Another combined model is coupled finite element 
and scaled boundary-finite element method (FE-SBFEM) in frequency domain for 
large-scale SSI systems [28]. It can be emphasised that, if BEM is used for modeling 
a non-homogeneous (layered) soil media extending to infinity (Fig. 1), the interface 
between the soil layers and the free surface of the soil must be discretized, which 
increases the computational load considerably. In addition, on the boundaries 
extending to infinity, discretization needs to be truncated, and this leads to errors. In 
the study of Tanrikulu et al. [27], the BEM formulation for infinite non-
homogeneous media was improved for three different layers. However, SBFEM can 
easily model non-homogeneous soil media with many layers extending to infinity. In 
the SBFEM, the boundary conditions at the interfaces and at the free surface can be 
satisfied closely and automatically without any further discretization. In addition, 
SBFEM satisfies the radiation condition and calculates the dynamic response of the 
media extending to infinity at a truncated media without requiring fundamental 
solution as in BEM. These are the main advantages of the SBFEM. Modeling non-
homogeneous soil media with layers by SBFEM requires the soil media to be 
discretized until rigid bedrock or homogeneous half space is reached. If the surface 
of the rigid bedrock is horizontal, this problem can be handled by using a special 
case of SBFEM which sets the similarity center at infinity [7]. For the layered 
mediums on homogeneous half-space the satisfaction of the similarity is handled by 
using the structure medium interface outwards as mentioned in Wolf and Song [7]. 
The SBFEM results in a system of first-order non-linear ordinary differential 
equations (ODE) for the dynamic stiffness matrix of the soil extending to infinity at 
the boundary with the independent variable frequency. Through the SBFEM, 
dynamic stiffness matrix calculations of the infinite media are performed through an 
integration algorithm in a pre-defined frequency interval. But in the SBFEM 
formulations, the radiation condition is satisfied at high frequency values. Therefore, 
it requires some extra calculations until the desired frequency level is reached. 
Hence, for large-scale problems (i.e. structures resting on a layered soil and three-
dimensional problems) the computational load increases significantly. The time 
measurements made showed that the vast majority of the time is spent for the 
solution of ODE resulting from SBFEM. In the studies of Genes and Kocak [28,29], 
the shortcoming of the SBFEM for large-scale SSI problems was considerably 
eliminated by introducing a parallelized algorithm for the solution of first-order non-
linear ODEs. More recent studies are found in Cunha et al. [30], Bird et al. [31], and 
Park and Heister [32]. Cunha and et al. [30] applied the standard and portable 
libraries for the parallelization of BEM codes; Bird et al. [31] used a coupled 
BEM/SBFEM formulation to analyses linear elastic fracture mechanic problems; 
Park and Heister [32] proposed a parallelization procedure for the analysis of 
unsteady BEM problems. Most of these studies have worked on a structural problem 
or parallel implementation itself.  
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2 PHYSICAL MODELS AND NUMERICAL APPROACHES  
 
2.1 FINITE ELEMENT FORMULATION  
 
      The characteristics of visco-elastic plane-strain structures such as strip 
foundations, tunnels, gravity dams, retaining walls etc. can be specified by state 
variables acting at a plane of any section of the structure. The dynamic response of 
these plane-strain structures is described by the equation of motion resulting from 
FEM formulation as,  

 

FIGURE 1. A soil-structure interaction problem 

𝑴�̈� + 𝑪�̇� + 𝑲𝑈 = 𝑭(𝑡)                                                       (1) 

where M, C and K designate the mass matrix, the damping matrix denoting inner or 
structural damping of the structure, and the static stiffness matrix, respectively. F(t) 
characterizes the time dependent dynamic load acting on the structure caused by the 
external harmonic or transient vibrations or seismic excitation. The dynamic 
response is described by the acceleration �̈�, the velocity �̇�, and the displacement U. 
Equation of motion can be written as below in frequency space by ignoring the 
damping matrix and taking in to account the hysteretic damping,  

{(1 + 2𝑖𝑧)𝑲 − 𝜔2𝑴}𝑼𝑓 = 𝑭𝑓                                             (2) 

where z, Z, i and superscript f designate hysteretic damping, frequency, imaginary 
number and frequency space, respectively. In this study, all the formulations will be 
derived in frequency space. For the sake of simplicity, the superscript f will be 
omitted. The term in curly brackets in Eq. (2) is referred to as the dynamic stiffness 
matrix and will be represented as S in this study. For the finite region in Fig. 2(a), 
Eq. (2) can be written in matrix form as,  

[𝑺𝑠𝑠 𝑺𝑠𝑖
𝑺𝑖𝑠 𝑺𝑖𝑖] {

𝑼𝑠
𝑼𝑖
} = {𝑭𝑠𝑭𝑖}                                                         (3) 

where the subscripts i and s designate interaction and non-interaction nodes, 
respectively.  

     The unbounded media extending to infinity can be modeled by using infinite 
elements [4–6]. However, the use of infinite elements might require a fine mesh for 
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the finite region and/or far enough near- and far-field interfaces. These are some of 
the shortcomings of the infinite elements. Therefore, in these parallelized advanced 
models the unbounded media extending to infinity will be modeled by using BEM 
and/or SBFEM. In the following two sections the basics of BEM and SBFEM are 
presented.  

  

FIGURE 2. Fundamental concept of FEM with BEM and SBFEM: (a) combined SSI models; and (b) 
presentation of SBFEM 

 
2.2. BOUNDARY ELEMENT FORMULATION  

     In BEM formulation, the dynamic response of homogeneous, isotropic and linear 
elastic structures in frequency domain is described by the system equation as,  

𝑯𝑼 = 𝑮𝒕                                                                               (4) 

where H and G are the system matrices obtained by the integration of the first and 
second fundamental solutions of BEM over the elements. The U and t are the 
displacement and the traction vectors, respectively. The system equations of an 
unbounded media composed of interaction and free nodes as shown in Fig. 2(a) can 
be written as  

[𝑯𝑓𝑓 𝑯𝑓𝑖
𝑯𝑖𝑓 𝑯𝑖𝑖

] {𝑼𝑓
𝑼𝑖
} = [𝑺𝑓𝑓 𝑺𝑓𝑖

𝑺𝑖𝑓 𝑺𝑖𝑖 ] {
𝒕𝑓
𝒕𝑖 }                                     (5) 

where the subscripts i and f designate interaction and free nodes, respectively. In the 
present formulation the soil media surface is assumed to be free of loads. Therefore, 
traction vector (tf) of the free nodes is taken as zero, which leads Eq. (5) to be 
condensed as  

(𝑮𝑖𝑖 − 𝑯𝑖𝑓𝑯𝑓𝑓
−1𝑮𝑓𝑖)

−1(𝑯𝑖𝑖 − 𝑯𝑖𝑓𝑯𝑓𝑓
−1𝑯𝑓𝑖)𝑼𝑖 = 𝒕𝑖              (6) 

Multiplying both sides of Eq. (6) by a distribution matrix, one can obtain force-
displacement relation pertaining to interface in compact form as  

𝑺𝐵∞𝑼 = 𝑭                                                                               (7) 

where 𝑺𝐵∞, U and F designate dynamic stiffness matrix, displacement and force vectors of 
the unbounded media calculated by BEM, respectively.  
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2.3. SCALED BOUNDARY FINITE ELEMENT METHOD FORMULATION  

      This model is based on the calculation of the dynamic stiffness matrix for a discretized 
soil media which extends to infinity. It is a BE-like method, but it does not require a 
fundamental solution. It is based on the FE formulation and satisfies the radiation condition 
at infinity while also decreasing the spatial dimension of the problem by one. This method 
requires similarity of the unbounded medium which is not always satisfied in practice [7]. 
For layered unbounded medium the similarity can be satisfied by moving the structure-
medium interface outwards as shown in Fig. 1 to decrease the slope of the inclined surface 
beyond the corner points. In this method, a discretized cell along the near- and far-field 
interface is introduced (see Fig. 2(b)) with its interior boundary coinciding with the nodes on 
the interface of the near- and far-field, and its exterior boundary with the fictitious interface 
(see Fig. 2(b)). In the figure, O is the similarity center, and ri and re represent the 
characteristic length of interior and exterior boundaries of the cell, respectively. Here, the 
unbounded media with the characteristic length ri is to be analyzed to calculate its dynamic 
stiffness matrix. Assembling the dynamic stiffness matrix of the cell (which is 
straightforwardly determined from its static stiffness and mass matrices by FE formulation) 
and the unknown dynamic stiffness matrix of the unbounded media characterized by length 
re results in the unknown dynamic stiffness matrix of the unbounded media with length ri. 
Through the use of compatibility and equilibrium equations between the cell and the 
bounded and unbounded media, the relation between the dynamic stiffness matrix of the 
faces of the cell are obtained in frequency domain in terms of static stiffness and mass 
matrices of the cell. Then, by taking the limit as cell width goes to zero and using similarity 
[7], the formulation leads to a first-order non- linear ODE for the dynamic stiffness matrix in 
the independent variable frequency (Z) as  

(𝑺∞(𝜔) + 𝑬1)(𝑬0)−1(𝑺∞(𝜔) + (𝑬1)𝑇) − (𝑠 − 2)𝑺∞(𝜔) − 𝜔𝑺∞(𝜔),𝜔 − 𝑬2 + 𝜔2𝑴0 = 0           (8) 

where, E0, E1 and E2 designate the static stiffness matrices, and M0 designates the 
mass matrix of the structure-media interface calculated by FEM formulation [7]. In 
order to propose an acceptable solution for the ODE given in Eq. (8), the boundary 
condition must satisfy the radiation condition in frequency domain. The radiation 
condition can be satisfied by choosing the truncated region at an infinite distance 
from the interface which corresponds to an infinite characteristic length r. However, 
by introducing the associated non-dimensional (ND) frequency 𝑎0 = 𝜔𝑟 𝑐𝑠⁄ , infinite 
ND frequency (which would be the case for infinite r) can also be achieved by an 
infinite Z instead of an infinite r. In an actual calculation, the dynamic stiffness 
matrix to be used in Eq. (8) can be calculated by choosing a large frequency (Z). 
Thus, the high-frequency behavior of 𝑺∞ is studied examining the asymptotic 
expansion of the differential equation given in Eq. (9)  

𝑺∞(𝜔) ≈ 𝑖𝜔𝑪∞ + 𝑲∞ + ∑ 1
(𝑖𝜔)𝑗

𝑚
𝑗=1 𝑨𝑗                                  (9) 

where, 𝑪∞, 𝑲∞ and 𝑨𝑗 designate dashpot matrix, spring matrix and unknown 
coefficient matrices of the asymptotic expansion, respectively. m in Eq. (9) 
represents the number of terms to be considered in the analysis, and i is the 
imaginary number. The details of the calculation of 𝑺∞ can be found in [7]. The 
calculated dynamic stiffness matrix by Eq. (9) represents the initial-value of the Eq. 
(8) for a high ND frequency, and it remains to solve Eq. (8) by Bulirsch-Stoer 
integration algorithm [33].  
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3 NUMERICAL EXAMPLES AND DISCUSSIONS  

3.1. TUNNEL-SOIL INTERACTION  

     To evaluate the accuracy of the model shown in Fig. 3(a) and   to solve a large-scale soil 
structure interaction problem, under-  ground transient vibrations induced by traffic loads in 
a tunnel embedded in a homogeneous and layered half-spaces are studied. The tunnel has a 
rectangular section with concrete lining. The   tunnel and the surrounding soil are modeled 
by finite elements   and the infinite media is modeled by BEM and SBFEM as shown   in 
Fig. 3(b). In discretization of the problem, for the tunnel and   the surrounding soil 
considered as near-field: 1196 8-node   quadrilateral finite elements, for modeling the far-
field extending   to infinity in vertical direction: 85 constant boundary elements,   for 
modeling the far-field extending to infinity in horizontal   direction: 60 3-node line 
elements are used. The horizontal and   vertical distances from the similarity center (O) to 
the boundaries   modeled by SBFEM and BEM are taken as 5B and 6B, respectively,   
where B is the half-width of the tunnel. The dimension of the   tunnel structure is taken as 5 
m  6 m, and the embedment depth   is 4 m. The material properties of the tunnel are 
considered as  Young’s modulus: Et=6.0x106 kPa, mass density: Ut =2 t/m3 and   Poisson’s 
ratio: Qt = 0.25. For the soil media, the material properties are taken as Young’s modulus: E2 

= E1 = 2.66x105 kPa, the   mass density: U1 =U2= t/m3 and Poisson’s ratio Q1 = Q2 = 0.33. 
  The material damping in the structure and the soil is not included as in the case analyzed 
by Estorff and Antes [34], and Kim and Yun [35]. This is the first case studied for tunnel-
soil structure interaction to calculate the displacements at the bottom of the tunnel (Point A) 
and on the ground surface (Point B) resulting from traffic load, which is idealized as a 
rectangular impulse over 20't as shown in Fig. 3(c) and applied to the bottom of the tunnel 
in the vertical direction.  

      The time period which is selected for the FFT is considered as 24 s to observe the 
damping of the displacements generated by an impulse load applied in 0.02 s time interval. 
The vertical displacements obtained at points A and B for the homogeneous half-space are 
compared with those by Estorff and Antes [34], and Kim and Yun [35] as shown in Fig. 4. 
The displacements are plotted against the dimensionless time (to = tcs1/B), in which cs1 is the 
shear wave velocity of the soil media. As can be seen from Fig. 4, reasonably good 
agreements can be observed between the results obtained by three different methods. The 
slight difference between the results could be explained because of the power of the artificial 
boundaries modeled by SBFEM and BEM which are transmitting the propagating waves 
very well without any reflection depended scattering. Generally, the reflection depended 
wave scattering at the artificial boundaries contaminates the results. Time delay can be 
noticed between the displacements at the two points on the bottom of the tunnel and on the 
ground surface.  

      As a second case, parametric studies are carried out to investigate the effect of the 
stiffness ratio (E2/E1) of the soil layers in the layered half-space under the same impulse 
loading as in case one. The Young’s modulus of the upper (first) layer is taken as 
E1=2.66x105 kPa, while three different values are considered for the underlying half-space 
E2=1.2x105, 6.00x106, and 3.00x107 kPa. Fig. 5 shows that the maximum displacements at 
the two points decrease and the frequency content of the response moves into the higher 
frequency range while the stiffness ratio (E2/E1) increases.  
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4. CONCLUSION 
 

      In this paper, computational models are presented for harmonic and transient dynamic 
response of large-scale soil-structure interaction analysis using Parallelized Advanced 
Coupled FE-BE-SBFEM models. In the proposed models, the finite region, which might be 
considered as the structure, is modeled by the FEM. On the soil-structure interface, the 
boundary at the bottom of the finite media which is extending to infinity in vertical direction 
is modeled by the BEM, and the vertical boundary of the layers which is extending to 
infinity in horizontal direction is modeled by the SBFEM. These coupled models combines 
the three methods by using them in regions they are advantageous. The analyses are 
conducted in frequency space. Dynamic stiffness matrices pertaining to related regions of 
the SSI system are calculated by three methods, and combined by using the sub-structuring 
method.  

      Even though, several example problems were solved to verify and investigate the 
applicability of the model and the coded parallel algorithm, only one example is presented 
here due to space limitations. The obtained results of the model are compared with the data 
in the literature and in general a good agreement is noted. Comparisons showed that the 
Parallelized Advanced Coupled FE-BE-SBFEM model can be used in SSI analyses of 2D 
large-scale structures efficiently and accurately under transient load. The results also 
demonstrated the importance of using coupled models for analyzing complex structures and 
non-homogeneous unbounded media.  

       
 
 
          
 
 
 
 
 
 
 
 
 
 

FIGURE 3. Tunnel in an elastic half-
space: (a) Tunnel-soil interaction system; 

(b) Analyses model; and (c) History of 
traffic loading, P(t) 

 

FIGURE 4. Vertical 
displacements in homogeneous 
half-space: (a) at Point A; and 

(b) at Point B 

[34] 

[35] 

[34] 

[35] 
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ABSTRACT 

This paper uses FPGA (Field-Programmable Gate Array) to design and implement a 
resizable cache memory using VHDL (Verilog Hardware Description Language). In 
this design the cache memory architecture allows resize its memory by cache size 
controller unit. The results shows the simulation of the design. This design is 
synthesized using (Xilinx ISE Design Suite 13.4) and simulated using (Xilinx ISim 
simulator). 

Keywords: VHDL, cache size controller, resizable cache.   
 

1. INTRODUCTION 
 

Cache memory is an important part in computer system because it reduces the 
gap between microprocessor and Random Access Memory (RAM) speed. 
Cache memory is implemented using static RAMs where the main memory uses 
DRAMs, the cache memory smallest, more expensive and relatively faster than 
DRAM [1]. The principle behind the cache memory is to prefetching the data from 
the main memory before the processor request for it, that occurs with phenomenon 
known as locality of reference and there are two principles of locality: (spatial 
locality) and (temporal locality) [2]. 

Cache size determines the number of data blocks that could be prefetching and hit 
ratio, the data hit occurs when microprocessor request data is existing already in 
cache and miss occurs when the requested data not prefetching for cache yet [3]. 

Cache parameter customization may be static or dynamic, in a dynamic the cache 
parameters can be modified within a certain range at run time, where in a static the 
designer sets the cache parameters before synthesis. 

David H.Albonesi [4] proposed a cache design that has the ability to disable a 
subset of the ways in a set associative cache during the periods of modest cache 
activity, while the full cache way remains operational for more cache-intensive 
periods. 

Ranganathan et al. [5] proposed a reconfigurable memory organization that 
allows the on-chip SRAM to be dynamically divided into different partitions that can 
be assigned to cache and others conventional processor activities. 
 

Santana Gil et al. [6] proposed a design for reconfigurable cache with fixed size, 
the cache design can work as direct mapped cache or as 2 way set associative cache, 
and can select 1, 2, 4 or 8 words per block for each mode. 



Second International Engineering Conference On Developments in Civil & Computer 
Engineering Applications 2016	

247	
	

In this paper a resizable of cache memory is implemented using FPGA, the cache 
size can be selected as (4 K Blocks, 8 K Blocks, 16 K Blocks and 32 K blocks) 
cache size controlled by cache size controller unit. 

Most researchers used a software processor in their design (like SimpleScalar 
toolset) when testing the cache design. In this paper, we used a hardware processor 
implemented on FPGA which is pipeline MIPS processor to test the cache design.  
 
2. CACHE MEMORY DESIGN 
 

Cache controller receives address that microprocessor request to access, cache 
controller looks for the address in tag cache, if address present in cache (cache hit) 
the data from that location is provided to microprocessor from data cache, else cache 
miss will occurs. In this paper, a Direct Mapped (D.M.) cache is designed and 
consist of cache size controller, cache data memory and cache controller which 
consist of (cache tag memory, cache tag comparator and finite state machine). 

 
The cache memory design has the following design choices: 
 

1. There is no Memory Management Unit (MMU) in this design 
because the cache memory directly receives physical addresses 
instead of virtual addresses. 

2. Write back policy is used, all writes are made to the cache, and every 
cache block is assigned a bit called the dirty bit, at replacement time, 
the dirty bit is checked first, if it is set the block is written back to the 
main memory and then the replacement occurs. 

3. Dynamic cache size of (4K blocks, 8K blocks, 16K blocks and 32K 
blocks) and can be modified at run time as will be shown in section 3. 

4. Block size (line size) is 4 words per block and each word is 4 bytes in 
length. 

 

3. CACHE SIZE CONTROLLER UNIT 

Cache size controller unit is responsible for deciding the cache size, when the 
processor requested an address, this address will be send for the cache size controller 
unit as shown in Fig.1. 

 
FIGURE 1. Cache size controller unit 

 
 

 
The size is chosen by 2 bits at run time and that will consider another 4 bits called 

(I bits) as shown in Table 1 to ANDed with the 4th most significant index bits and 
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that will produces the index which will send to tag and data cache to determine 
which set is requested to access.  

The 4th least significant bits of tag will ANDed with one's complement of (I bits) 
called (T bits) to produces the tag which will send to the tag cache. 
 

TABLE 1. Truth table of cache size controller unit. 
Size selector 

2 bits 
Cache size 
(in Blocks) I bits T bits 

00 4 K 0001 1110 
01 8 K 0011 1100 
10 16 K 0111 1000 
11 32 K 1111 0000 

 
The processor address consists of 32 bits, in this design the maximum size of tag 

bits (17 bits) is store in the tag cache for each line and the index bits will be for 
maximum size (15 bits) as shown in Fig. 2. 
 

 
(a) Index bits in cache size controller unit 

 

 
(b) Tag bits in cache size controller unit 

 
FIGURE 2. Index bits and tag bits in cache size controller unit 

 
The cache size selected is explained as follows: 
 

1. 4 K Blocks : Cache memory with 4 K blocks need 12 bits for index to select 
sets (between 0 to 4095), therefor the bits [18:15] of the 32 address bits will 
ANDed with (0001) so the actual 12 bits of index will be [15:4] of the 32 
address bits and the most significant 3 bits of index [15:13] will equal to 0 
always. For tag bits the [18:15] of the 32 address bits will ANDed with 
(1110) so the actual 16 bits of tag will be [31:16] of the 32 address bits. 
 

2. 8 K Blocks  : Cache memory with 8 K blocks need 13 bits for index to select 
sets (between 0 to 8191), therefor the bits [18:15] of the 32 address bits will 
ANDed with (0011) so the actual 13 bits of index will be [16:4] of the 32 
address bits and the most significant 2 bits of index[15:14] will equal to 0 
always. For tag bits the [18:15] of the 32 address bits will ANDed with 
(1100) so the actual 15 bits of tag will be [31:17] of the 32 address bits. 

3. 16 K Blocks : Cache memory with 16 K blocks need 14 bits for index to select 
sets (between 0 to 16383), therefor the bits [18:15] of the 32 address bits will 
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ANDed with (0111) so the actual 14 bits of index will be [17:4] of the 32 
address bits and the most significant bit of index will equal to 0 always. For 
tag bits the [18:15] of the 32 address bits will ANDed with (1000) so the 
actual 14 bits of tag will be [32:18] of the 32 address bits. 
 

4. 32 K Blocks  : Cache memory with 32 K blocks need 15 bits  for index to select 
sets (between 0 to 32767), therefor the bits [18:15] of the 32 address bits will 
ANDed with (1111) so the actual 15 bits of index will be [18:4] of the 32 
address bits. For tag bits the [18:15] of the 32 Address bits will ANDed with 
(0000) so the actual 13 bits of tag will be [31:19] of the 32 Address bits. 

 

 

4. CACHE  CONTROLLER 
 
Cache controller receives the processor requested address from cache size 

controller unit as index and tag and compare it with tag cache to decide whether the 
requested data is fetching or not, if requested data is fetching, then no main memory 
access is needed and data will provided to processor directly, if not the cache 
memory should fetches it from main memory with another several words 
consecutively to fill the corresponding line in cache. 

Cache controller consists of: 

1. Finite State Machine (FSM): the FSM controls the (read and write) signal for 
both cache and main memory as shown in fig. 3 and its truth table is 
explained in Table 2 (a) and its work explained in Table 2 (b). 

 

 
FIGURE 3. State machine for the cache controller 
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TABLE 2. (a)The truth table. (b) Effects of each of the ten outputs signals of 
cache FSM. 

(a) 
 Inputs Outputs 

State 

D
irty 

H
it 

R
ead 

W
rite 

Stall 

C
achew

r 

C
acherd 

M
em

rd 

M
em

w
r 

C
ache_datasrc 

M
em

_addrsrc 

R
st_dly 

W
sel 

Fsm
D

irty 

Idle(st0) X X 0 0 0 0 0 0 0 X X 1 00 0 

WriteCache 
(st1) 0 X 0 1 1 1 0 0 0 0 X 1 X 0 

ReadCache 
(st2) X 1 1 0 1 0 1 0 0 X X 1 X 0 

WW0(st3) 1 0 1 Or 1 0 0 1 0 1 X 1 0 00 0 
WW1(st4) 1 0 1 Or 1 0 0 1 0 1 X 1 0 01 0 

WW2(st5) 1 0 1 Or 1 0 0 1 0 1 X 1 0 10 0 

WW3(st6) 1 0 1 Or 1 0 0 1 0 1 X 1 0 11 1 
RW0(st7) 0 0 1 0 0 1 0 1 0 1 0 0 00 0 
RW1(st8) 0 0 1 0 0 1 0 1 0 1 0 0 01 0 
RW2(st9) 0 0 1 0 0 1 0 1 0 1 0 0 10 0 

RW3(st10) 0 0 1 0 0 1 0 1 0 1 0 0 11 0 
(b) 

Signal Name Signal 
Value Signal Effect 

Stall 
0 Main memory is accessed and the processor is stalled. 
1 Cache memory is accessed. 

Cachewr 
0 None. 
1 Data supplied by either the processor or main. 

Cacherd 
0 None. 
1 When cache hit occurs, data is supplied from cache memory to the processor. 

Memrd 
0 None. 
1 Data is supplied to the cache memory from the main memory. 

Memwr 
0 None. 
1 Data is supplied to the main memory from the cache memory. 

Cache_datasrc 
0 The data fed to the data cache memory input comes from the processor. 
1 The data fed to the data cache memory input comes from the main memory. 

Mem_addrsrc 
0 The address fed to the main memory comes from the processor. 
1 The address fed to the main memory equals to (tag & index) . 

Rst_dly 
0 There is main memory activity (read or write). 
1 There is no main memory activity. 

Wsel 

00 The first (least significant) word of memory block is selected. 
01 The second word of memory block is selected. 
10 The third word of memory block is selected. 
11 The fourth (most significant) word  of memory block is selected. 

FsmDirty 
0 None. 
1 The main memory write activity was finished. 
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2. Tag cache: tag cache contains 17 tag bits, 1 valid bit and 1 dirty bit for each 
data cache line, tag bits are used for holding the 17 tag bits comes from the 
cache size controller of the address being accessed, the valid bit indicates 
whether the cache line is valid or not and dirty bit is set when the cache line 
is written without updating the corresponding main memory block, when the 
machine restarts all valid and dirty bits are reset. 

 

5. COMPLETE MEMORY SYSTEM 
 

The cache controller combined with data cache that access to the main memory 
consists of 4 Mbytes, arranged as 256 K line, each line has 4 words and each word is 
4 bytes in length. Fig. 4 shows the connections between cache size controller, data 
cache, cache controller and main memory.	

 

FIGURE 4. Block diagram for complete memory system 
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6. VHDL TOP_LEVEL IMPLEMENTATION 
 

A VHDL components of pipelined MIPS processor designed by Hadeel Sh. 
Mahmood [7] is combined with the VHDL components of this design, by using 
(Xilinx ISE Design Suite 13.4) all these components are connected together in order 
to compose the top level, later a test bench is written and used to enter the 2 bits of 
cache size controller and execute a test programs.  

 
 

7. RESULTS 
 

Fig. 5 shows the simulation of the design using (Xilinx ISim simulator) when 4 K 
blocks cache size is chosen by the 2 bits of cache size controller (00) and the 
processor requested for read a location address (re = 1), while (hit = 0) and (dirty = 
1) so the cache controller is stalled the processor for (8 clock cycles) until storing the 
previous data line which has the same index value and reads the requested address 
from the main memory. 

 

FIGURE 5. Simulation result of (4 k blocks) cache size. 

Fig. 6 shows the simulation of the design when 16 K blocks cache size was 
chosen, the processor requested for read a location address (re = 1), while (hit = 0) 
and (dirty = 0) so the cache controller is stalled the processor for (4 clock cycles) 
until reads the requested address from the main memory. 

 
FIGURE 6. Simulation result of (16 k blocks) cache size. 

Size selector = 00 

Processor is stalled 8 clock cycles while 
cache controller storing the previous data line 
which has the same index value and reads the 
requested address from the main memory. 

Size selector = 10 

Processor is stalled 4 clock cycles while 
cache controller reads the requested address 
from the main memory 
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Table 3 shows the hit ratio and execution time after execution the test program for 
each cache size chosen, this result shows that the hit ratio is depends on the cache 
size and for the large program the largest cache size is the best choice. The increase 
in hit ratio when the cache size is increased from 16K to 32K is less than the 
increase in hit ratio when the cache size increased from 8K to 16K. Hence, when 
using a cache size of 64K will result an increase in the power and cost with little 
benefit of hit ratio.  

TABLE 3. Execution results 
Cache size (blocks) Hit ratio Execution time (ns) 

4 K  3.85% 3,880.00 
8 K 16.67% 3,480.00 

16 K 48.72% 2,480.00 
32 K 71.8% 1,760.00 

 

8. CONCLUSIONS 
 

The VHDL design of resizable cache memory has been implemented in this 
paper. This cache design consists of cache size controller unit to control and choice 
the size of cache memory, data cache and cache controller which consists of finite 
state machine and tag cache, this cache design was associated with main memory 
and combined with a pipeline MIPS processor. The MIPS processor was used in this 
paper in order to enable us to run different test programs written in MIPS assembly 
language to test the resizable cache design. 

The importance of resizable cache, that is to save power in application when the 
needs for a small cache size, which means to give the power only to the needed size 
of cache, while leaving the other blocks of cache unpowered. 

 

REFRENCES 
 

[1] Mostafa Abd-El-Barr and Hesham El-Rewini, Fundamentals of computer 
organization and architecture. New Jersey, USA: John Wiley & Sons, 2005. 

[2] Sivarama P. Dandamudi, Fundamentals of Computer Organization and 
Design. 2nd ed. New York, USA: Springer, 2002. 

[3] J. L. Hennessy and D. A. Patterson, Computer Organization and Design: The 
Hardware/Software Interface, 4th ed. Waltham, USA: Morgan Kaufmann, 
2012. 

[4] Albonesi, D. H. “Selective cache ways: on demand cache resource 
allocation”. Journal of Instruction Level Parallelism May. 2002.  

[5] Ranganathan, P., Adve, S. and Jouppi, N. P., “Reconfigurable caches and 
their application to media processing”. ACM SIGARCH Computer 
Architecture News, 28(2), 214-224, 2000. 

[6] Santana Gil, A.D., Benavides, Hernandez, Herruzo, ”Reconfigurable Cache 
implemented on an FPGA” International Conference on Reconfigurable 
Computing, 2010. 

[7] Hadeel Sh. Mahmood, "VHDL Implementation of a Pipelined RISC 
Processor for Educational Purposes". MSc. thesis, College of Electrical and 
Electronic Engineering Techniques, Baghdad, Iraq, 2014. 


	COVERLOGO
	Preface
	IEC2016_paper_1
	IEC2016_paper_2
	IEC2016_paper_4
	IEC2016_paper_5
	IEC2016_paper_10
	IEC2016_paper_14
	IEC2016_paper_15
	IEC2016_paper_16
	IEC2016_paper_17
	IEC2016_paper_19
	IEC2016_paper_21
	IEC2016_paper_23
	IEC2016_paper_26
	IEC2016_paper_27
	IEC2016_paper_28
	IEC2016_paper_30
	IEC2016_paper_32
	IEC2016_paper_34
	IEC2016_paper_35
	IEC2016_paper_38
	IEC2016_paper_39
	IEC2016_paper_40
	IEC2016_paper_41
	IEC2016_paper_42
	IEC2016_paper_43
	IEC2016_paper_44
	IEC2016_paper_45
	IEC2016_paper_50
	IEC2016_paper_51
	IEC2016_paper_33

