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ABSTRACT

A model using the artificial neural networks and genetic algorithm technique is developed
for obtaining optimum dimensions of the foundation length and protections of small hydraulic
structures. The procedure involves optimizing an objective function comprising a weighted
summation of the state variables. The decision variables considered in the optimization are the
upstream and downstream cutoffs lengths and their angles of inclination, the foundation length,
and the length of the downstream soil protection. These were obtained for a given maximum
difference in head, depth of impervious layer and degree of anisotropy. The optimization carried
out is subjected to constraints that ensure a safe structure against the uplift pressure force and
sufficient protection length at the downstream side of the structure to overcome an excessive exit
gradient. The Geo-studio software was used to analyze 1200 different cases. For each case the
length of protection (L) and volume of structure (V) required to satisfy the safety factors
mentioned previously were estimated for the input values, namely, the upstream cutoff depth
(S1), the downstream cutoff depth (S,), the foundation width (B), the angle of inclination of the
upstream cutoff (61) and the angle of inclination of the downstream cutoff (6,), H (difference
head), k; (degree of anisotropy) and D (depth of impervious layer). An ANN model was
developed and verified using these cases input-output sets as its data base. A MatLAB code was
written to perform a genetic algorithm optimization modeling coupled with this ANN model
using a formulated optimization model. A sensitivity analysis was done for selecting the cross-
over probability, the mutation probability and level, the number of population, the position of the
crossover and the weights distribution for all the terms of the objective function. Results indicate
that the most factors that affects the optimum solution is the number of population required. The
minimum value that gives stable global optimum solution of this parameter is (30000) while
other variables have little effect on the optimum solution.

Key words: inclined cutoff, optimization, genetic algorithm, artificial neural networks, uplift
pressure, exit gradient, factor of safety.


mailto:rafiishaker@yahoo.co

Number 9 Volume 23 September 2017 Journal of Engineering

Zagady Al Al sA gaa aladiady Al g o e dpada Y g Alaal) ) a1 Lial) slaY)

) SUE adila ad)

ki
a2y drala — digll 44
e e (0 3 dge gl
[STOLY) Su.u\
Ay pativeal) daalall — dwaigll dulg kg daala — dwaigd) 48
dadal)

Sl Ay Al il s kil w52 GO aliny alasioly LB #3sa ol a1 Jsk

il b1 s ool &5 gl 138 L g Silsyus Lite QLY JieY) asaaill ) Jseasll e liall dpaal)
Ll Glaall J sk 5 el dpa W) Jsha s SAS 11 i (3 da) Gl 5 A 5all 5 aaiall (e JS (A (bl adal sall
5oLl jage 5 atie G diaill 358 o) (e JS) Cldare ail alay¥ o2a alal &5 ALK Haed) cliiall 8 jasall &
Al o L orall all eyl 23 3 Caagll Al olad¥) pe dyjill Gl & o 3 o) A 5y 5 slanall Adall (eal
Al glle 5 ad )l ek aca GlaY) e (ged 3 sadll (8 Aadiinal) Culansall Lol Ayt A8 < lalasy 48K
Gl 5 dudlatie 2yl liie) o3 Aadaill o2 A Geo-studio gebin aladiuly As]200 luasd SV 3ae dalal o
el L) Jliall le¥) cdlelae (3aiat) 4y gllaall V eliiall aan 5 L dgbeadl b ol 23 Al JS0 olad¥) ae (il
& bl Gee (e lare 0l V5 L bad dnanll K0S 73 gai sl oMel cillally dalal) el aladiul
Op Al (38 (8,) sa el b obalill Gee ((O) adiall b adaldl) Jae ¢ (Sp) asall b adaldl) Bee o(S;) paiall
Aol Gal A B olaiY) g (KyfKy) il da 52 5 (D) slawall Al (Bee ¢ (B)apa ¥l Jsba ¢(H) s sall 5 paidll
5z asail 138 aladiuly oSle) ) HLiall dumal) CUSLE 73 gad a2ii 4 ) 1l Cilisall #3503 Matlab gl 45
Ge0- gl aladinly Lede Jgeanll &3 3l 5 jpualiall iy Wi jlie o3 g5 lisall YAl (eand Jia) Jall alay
A )ie (pad gaill il S studio
((Np) Vsall S ans (ML) 5kl (s siwa « (pm) 5kl Jalas ¢ (pc) JEEY) Janal bl Ll AN 5
OOllas pal e (NP) Agall Gl ana ok ol iy 4K Ala] gl 48lSl SBlilaa 5 (Cross overing)d & s
3 () sl ISl ann ol an g 85 i 5 Sl il Sl Al Jle i 5 i) 85 sell e
(30000) o S8 G fiaaall Jal) sy
cc_)&d\ Jlasdl c&_)l\ s daclia duac 405 douall By yeall (JiaY Ia) «Jla bL’G Dl :Wi;;ﬁﬁ
0

1. INTRODUCTION

Hydraulic structures foundation proper design has a vital role on the safety of such structures. The
most common failures of these structures are either due to uplift pressure forces, and/or due to the
failure of the soil at the downstream side due to piping effect, which consequently results into a
tilting failure of the whole structure. Provision usually provided to avoid such failures are the use
of upstream and downstream cutoffs, a protection of suitable length at the downstream side, and
adequate volume of the super structure in order to achieve the required factors of safeties against
these failures. The required factors of safeties against uplift pressure and piping failures are
usually assigned according to the recommendations of authorized codes and pioneers experts and
scientist of the design of these structures such as Koshla, 1954. Different attempts were found on
the literature that focuses on the role and effectiveness of using cutoffs and protections that assure
the safety against such failures. Recently many optimization models were developed to decide the
suitable dimensions of these cutoffs and protections.
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Many of researches were conducted assuming the soil beneath the structure as homogeneous and
isotropic media. The real case is different, since the soil is heterogeneous and anisotropic.
However some researches were conducted assuming the soil is non-homogeneous but isotropic.
The present study represents an attempt to obtain an optimization model to find the optimum
dimension of the foundation length, cutoffs, and the downstream protection, by considering the
soil as anisotropic and using inclined cutoffs. The use of inclined cutoffs with an isotropy is
expected to be more reasonable since for anisotropic media the flow lines are affected by the
degree of anisotropy, and a certain inclination may be the optimum solution that minimizes the
effect of this anisotropy. However the inclination angles of the cutoffs are included in addition to
their lengths, foundation width, and length of protection and volume of the super structure. This
model is a genetic algorithm coupled with artificial neural networks.

Historically batter piles (inclined piles) were used to resist lateral forces and inclined forces
especially in water front structures. The forces on these structures are axial loads due to self-
weight of the superstructure and lateral loads due to water and seepage water. However, due to
poor performance in recent time, plumb piles (vertical piles) are now the system of choice.
Nevertheless, there are situations where batter piles are desirable, for example, where the new
structure has to be compatible with an existing batter pile structure or has high service-level lateral
loading conditions such as ship mooring (Harn, 2004). In addition, certain difficulties might be
experienced in driving the sheet piles vertically downwards (Ram and Vaidhianathan, 1940).

Most of the earlier studies were concerned only with one embedded inclined sheet pile. However,
limited literature is available concerning the use of two inclined sheet piles. The calculated exit
gradient values, flow rates, and uplift pressure were proved to be affected by changing the slope of
the angle of the sheet pile and varying the soil properties. Limited literature is available for
seepage through pervious medium beneath hydraulic structures with inclined cut-offs as a control
device.

Ram and Vaidhianathan, 1940 determined the distribution of uplift pressure under weirs with a
single sheet pile inclined to the floor. Siva and Basu, 1976 developed an analytical solution,
making use of the Schwartz-Christoffel transformation for determining the seepage characteristics
for the problem of flow under a weir having two unequal sheet piles at the ends and embedded in
an anisotropic porous medium of finite thickness. Al-Suhaili et al., 1988 investigated a direct
mathematical approach to obtain the exit gradient variation downstream of all types of structures
for both infinite and finite porous media for design purpose. llyinsky and Kacimov, 1992
investigated an analytical estimation of groundwater flow around cutoff walls and into interceptor
trenches. Griffiths and Fenton, 1993 studied the effect of stochastic soil permeability on confined
seepage occurring beneath water retaining structures. Random field concepts were used to generate
permeability fields having predefined mean, standard deviation and correlation structure.
Prabhata et al., 1997 studied the effectiveness of multiple sheet piles in weir design. Based on
cost optimization (expressed by Swamee et al., 1996), the researchers present a theoretical
justification of the viewpoint given by Sowers and Sally, 1960. Rajashree and Sitharam, 2001
studied the static and cyclic lateral responses of vertical and batter piles based on a newly
developed nonlinear finite element code using hyperbolic and modified hyperbolic relations to
represent the nonlinear behavior of soil. Hassan, 2002 investigated the optimum design of the
control devices for safe seepage under hydraulic structures. Al-Joubori, 2002 established a model
of seepage below hydraulic structure with two vertical cutoffs by using the Finite Element
technique combined with random field concepts for the generation of soil permeability properties
with specified mean, variance and spatial correlation length. Tayfur et al., 2005 investigated a
Finite Element Method and Artificial Neural Network Models for Flow through Jeziorsko earthfill
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dam in Poland. Ersayin, 2006 used the artificial neural networks to study seepage through the
body of an earth fill dam using MATLAB 6.0 Neural Network Toolbox. Alsenousi and
Mohamed, 2008 developed a two dimensional finite element model to analyze seepage flow
beneath a dam with an inclined sheet pile. Chen Y et al., 2008 performed a numerical solution for
seepage problems with complex drainage systems. A numerical solution based on the Finite
Element Method combining the substructure technique with a variation inequality formulation of
Signorini’s type was proposed to solve these problems. Karim, 2011 developed a Genetic
Algorithm model coupled with Artificial Neural Network model to find the optimal values of
upstream, downstream cutoff lengths, length of foundation and length of downstream protection
required for a hydraulic structure. Al-Suhaili, 2009 obtained the exit gradient variation along the
downstream side for an inclined sheet pile using analytical solution. Miao, et al., 2011 Predicted
seepage of earth dams using neural network and genetic algorithm for levenberg-marquardt (GA-
LM). Singh, 2011 investigated optimal hydraulic structures profiles under uncertain seepage head.
He had formulated an optimization problem using Genetic Algorithm model to obtain the optimum
structural dimensions that minimize the cost as well as satisfy the exit gradient criteria. Arun and
Lakshmi, 2011 obtained Closed-form theoretical solutions for steady seepage below a horizontal
impervious apron with equal end cutoffs using Schwarz-Christoffel transformation.

Arslan and Mohammad, 2011 conducted an experimental and theoretical study for piezometric
head distribution under hydraulic structures to test the effect of upstream, intermediate and
downstream sheet piles inclination, and then the optimum case of the uplift pressure reduction was
found. The solution was developed using the Schwarz-Christoffel transformation. ljam, 2011 used
an analytical solution to obtained seepage flow below a dam structure with inclined cutoff located
anywhere along the base of the dam. Al-Saadi, et al., 2011 investigated the effect of cut-off
inclination angle on exit gradient and uplift pressure head under hydraulic structure. The optimum
location and angle of inclination of cut-off have been also determined. This problem is solved
using the finite element method by using (ANSYS 11.0). Arun and Lakshmi, 2012 obtained the
closed-form solution to the problem of finite depth seepage under an impervious flat apron with
equal end cutoffs, with a downstream step, using the conformal transformations.

From the above studies, it appears that no solution was available in the literature to develop an
optimization model which will eliminate the difficulty faced by the designers of small structures,
in deciding the proper dimension length and angle of inclination of the cutoffs. An investigation of
the proper design of the structure with floor having two inclined cutoffs was, therefore, made.

In this research, a model was developed to optimize the dimensions of the structure foundation
having two inclined cutoffs. It is evident from the present study that these optimum dimensions
can minimize the formulated relative cost objective function. The GEO-SLOP, SEEP/W 2007
(version 7.10 build 4143) model was used to establish a data base which is used later to develop an
artificial neural network (ANN) model that relates the relevant input output variables of the
problem. Finally this ANN model was coupled with a genetic algorithm model, to optimize the
dimensions mentioned above. The ANN model provides the direct estimation of the required
outputs which are required for the genetic algorithm model.

2. FORMULATION OF THE OPTIMIZATION MODEL

The most critical design of a hydraulic structure is the foundation design. The required dimensions
for the design of the foundation are the length of floor (B), depth of upstream cutoff (S;), depth of
downstream cutoff (S,), angle of inclination of these cutoffs (61, 6), length of protection at the
downstream side against exit gradient (L), and the volume of superstructure (V) for a given head
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difference (H), depth of impervious layer (D), and given soil properties underneath the structure,
horizontal permeability ky, and vertical permeability ky. Fig. 1 shows these dimensions for a typical
hydraulic structure.

The values of (S1, Sy, L, and V) are affected by the maximum expected difference in head between
the upstream and downstream sides of the hydraulic structure (H) and the soil strata properties (K
and ky). The most critical failures that may occur for such structures are either due to the uplift
pressure or due to erosion of the downstream side, when the hydraulic gradient exceeds the critical
exit gradient. The designer can control these failures by providing the recommended factors of
safety against both uplift pressure and exit gradient failures. The controlling process was done by
selecting the dimensions of Sy, Sy, B,61, ©; and L for a given (H), (D) and (k«/ky). It is better to
select optimum dimensions; the following objective function of such a problem could be
introduced.

The cost objective function involves the cost of both floor and any control device and can be used
to achieve the optimum dimensions of the hydraulic structure. Such a function is formulated as
follows:

F (B, S1, S, L, 61, 6) =Cg*B+ Cg1*S1+ Csp*Sy+ CL*L+ Cy*V (1)

F: cost function that should be minimized.

Csi1, Csi1, Cg, Ci, Cy: relative weight (cost) of each dimension; the weight should satisfy the
following requirement: 0<C<1 and ), C=1

B, Si, Sy, 61, 62: dimensions and inclination angles of the hypothetical case study (defined in
fig.1).

L and V: length of protection downstream side of the structure and volume of super structure
respectively.

This function is subjected to the following Constraints:

o YV
FOS Up“ﬂ_uplift force 2 2 (2)
>3 3)

l

Where:

F.O.S uplift: factor of safety against uplift pressure

y.: Concrete weight density (24.5 KN/m?®)

V: Volume of concrete of the super structure

i Critical exit gradient (equal to one)

i: The computed exit gradient at the downstream side of the structure.

Additional constraints were also adopted to allow for much control of the decision variables as
follows:

S1min§ Slg S1m

S2min§ SZS S2m.51x

BminS B< Bmax (4)
glming ng leax

92min§ QZS 92max
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The Genetic Algorithm was used to solve the optimization problem mentioned above. The
optimization involves computation of state variables such as B, Si, Sy, 61, 62, L and V. The
computation of L and V was done by using the developed ANN model that will be shown
thereafter.

3. THE GEO-STUDIO MODEL

Any optimization method needs an explicit relationship between the input-output variables and its
variables partial derivatives. This relationship is either representing the objective function as the
output or representing output variables that used to estimate the objective function. Part of these
input and output variables may be a decision variables, and the other are of non decision variables
(given). The genetic algorithm method requires only the estimation of the objective function and do
not requires the derivatives. For the problem under consideration there exists no direct relationship
between the input variables (H,D, Ky and ky,S1,S;, 61, 67, and B) and their respective output
variables (L and V),that could be used to estimate the objective function, given by Eq.(1). Hence, as
the genetic algorithm model start the solution by generating randomly a large number of feasible
solution set for S;,S;, 64, 62, and B), for a given H,D, Ky, and Ky. For each generated set of these
variables, the values of L and V should be estimated that satisfy Egs. (2) and (3). These L and V
requires the solution of the seepage flow equation using finite differences or finite elements method
to obtain the head distribution in the flow field beneath the structure, hence obtaining the uplift
force and the exit gradient, which allows the estimation of L and V. The methodology adopted here
is to develop a direct relationship between the input and an output variable of the problem under
consideration, and also to develop a representative data base of these variables using the Geo-studio
software, which adopt the finite element solution of the seepage problem. This software provides
high level of accuracy and extensive graphical representations of the results. Then this data base
was used to obtain a simple direct relationship between the input and output variables, that can be
used easily in the genetic algorithm optimization model.

The data base mentioned above was performed by modeling 1200 different cases using the Geo-
studio software. Each case has different selected values of S1, S,, H, B, D, k;, 61 and ©,. The values
of exit gradient, seepage flow beneath the structure, and the uplift pressure under the structure were
calculated. These results can be used to estimate the volume of concrete (V) and the length of the
downstream protection (L) such that the constraints of Egs. (2) and (3) were achieved respectively.

The selected ranges of each variable S1, Sy, H, B, D, K;, 61 and 6, are as follows:

S1,S; (0.5-4)m steps 0.5, H (6-16)m steps 2, B (6-16)m steps 2, D (10-12)m steps 2, K (1-8)
and 61, 6, (50°-130°)

Fig. 2 shows the structure for one of the cases with the discretization process. This figure shows
also the uplift pressure distribution beneath the structure, flow lines and equipotential lines. Fig. 3
shows the distribution of the exit gradient along the downstream side of the structure. The required

length of protection can be estimated using this curve and Eq.(3).Table 1 shows the results of some
cases analyzed using the Geo-studio models.

4. DEVELOPMENT OF THE ARTIFICIAL NEURAL NETWORK (ANN) MODEL

The results of L and V for the (1200) cases were used for building an ANN model capable of
estimating L and V as output variables using Si, S,, H, B, D, ki, 61 and 6, as input variables.
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In order to obtain this model, the SPSS software (Statistical Procedure for Social Science, version
20.0) was used. The ANN model comprised eight neurons in the input layer where these neurons
represent the input variables namely Sy, Sy, H, B, D, k;, 61 and ©,. Two neurons were selected for
the output layer which represents the output variables (L and V). The network was built with one
hidden layer having nine neurons. The initial learning rate and the initial momentum term were
chosen equal to (0.4) and (0.9) respectively. The selected activation functions are the hyperbolic
tangent for the hidden layer and the identity for the output layer.

To build the ANN model, many run trials were performed, in each one the software parameters
were changed as follows:

e Selection of the percentages of division of the data into training, testing, and validation
subsets.

The selection of the division method either blocked, stripped, or random.

Testing the proper number of nodes in the hidden layer.

Changing the learning rate and momentum factor.

The selection of the best ANN model was achieved according to the smallest error and the
highest correlation coefficient of the predicted and observed outputs.

Table 2 represents the best data division and Fig. 4 shows the architecture of the ANN network.
Table 3 shows the bias and weight matrices for the input and hidden layers. Fig. 5 and Fig. 6 show
the comparison between the predicted and observed values of L and V, respectively. The results of
the ANN model indicated high correlation coefficients between the observed and predicted values
of L and V as r.= 97.5% and r,= 99.4% respectively. Even though the ANN modeling procedure
involves the subdivision of the data into subsets as mentioned above, and uses the first two subsets
for model parameter estimation, and the third set for validation, further verification was performed
herein.

A MatLAB (R2008a) code was written to perform the Algorithm shown in the steps (mentioned in
appendix A), used to estimate (L and V) for different values of (S;, Sy, H, B, D, K, 61 and 6,).

Table 4 shows the comparison of the values of L and V estimated using both Geo-studio and ANN
models, for 12 cases that are not involved in the data base of 1200 case mentioned above. These
results indicate the capability of the ANN model to produce acceptable results.

5. OPTIMIZATION USING GENETIC ALGORITHM (GA) MODEL

A MatLAB code was written for the solution of the optimization model formulated above, using
genetic Algorithm method as the steps shown in the appendix B. The following values were adopted
for the constraints shown in eq.(4), Simin=0.5M, Simax = 4M, Somin = 0.5M, Somax = 4M, Bmin = H,
Bmax = 3H. In any application of the genetic algorithm there exists different parameter that affects
the optimum solution. The proper value of each of these parameters should be obtained for the
specific application. For the application under study the following analysis was performed to obtain
the suitable value of each of these parameters.

The first parameter that should be obtained is the initial number of solutions that are generated
randomly, usually called initial population np. Generating low number of random solution may
result in an unstable solution, i.e., each run gives different optimum solution. In order to arrive to a
stable optimum solution there always exist a minimum np values that produces almost the same
optimum solution. Fig. 7 shows the obtained optimum objective function of three runs for different
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values of np, and given crossover position k=4, and 100% crossover Pc=1. Results indicate that the
required np value for stable solution is 30000.

The second parameter is the number of iterations required to obtain stable solution. That number of
iteration involves the number of the crossover operation performed. It was found the required
number of iterations which gives stable solution is 3. The application for cases of different
crossover position indicates the same values of np and number of iteration required for stable
solution; hence these values are fixed for the further analysis.

The third parameter that may have effect on the obtained optimum solution is the cross over
position k. A sensitivity analysis was done for selecting this position which can be defined as
corresponding points at which the two mating pairs are each cut once, and an arbitrary substrings
exchange with probability pc. Length and position of these substrings are chosen at random, but are
identical for both pairs. The crossover may involve more than one cut point. These tests were done
by taking different positions as k=1, k=2, k=4 and k=7. Fig. 7 presents the result of optimum
solution with the crossover position value equal to (k=4). Others crossing site are presented in
Fig. 8, Fig.9 and Fig.10. On analyzing the results shown in the above figures for different values of
crossover position, it is noticed that there is no high difference in the obtained the optimum solution.
However for 2-point crossover (Fig.8) the least value of f(x) was obtained.

Sensitivity analysis was also done for the parameter pc (the probability of crossover) in order to find
the effect of this parameter on the results obtained by the model. For this test, the number of
population size was fixed at 30000. Table 5 illustrates that (pc) had little effect on the solution.

The above four parameters are concerned with the genetic algorithm method. The following
analysis includes the effect of the different weight values assigned to the objective function
variables on the optimum solution of the problem under study. The relative weights for the above
analysis were chosen as Cs;=0.2, Cs,=0.2, Cg=0.1, C =0.1, Cy=0.4. In order to find the effect of the
relative weight on the results obtained by GA model, the sensitivity analysis on this parameter was
also done. Three different weights distribution as (Cs;=0.2, Cs,=0.2, Cg=0.2, C.=0.2, C\=0.2),
(Cs1=0.1, Cs,=0.1, Cp=0.3, C,=0.1, Cy=0.4) and (Cs;=0.1, Cs,=0.1, Cg=0.1, C,=0.1, Cy=0.6) were
examined. The results of this analysis are presented in Fig.11, Fig.12 and Fig.13 respectively. The
results of using an equal weight distribution for all the dimensions of the objective function (S;, Sy,
B, L and V) show that the value of f(x) decreases to almost half of its initial value as indicated in
Fig.11. While for the second weight distribution the value of f(x) remained unchanged. This result
may be expected since the weight Cy, reduces to a half of its initial value for the case of equal
weights. The volume of the structure (V) is the most significant variable that affects the objective
function. Therefore reducing the weight of (Cy) to half will affects the value of the objective
function to reach half of its initial value.

The most important improvement that can be made on the obtained optimum solution is mutation
which involves the modification of the value of each gene of a solution with some probability pm.
Therefore some optimal solutions were chosen to apply this improvement. During the runs, the
probability of mutation (pm) of 0.1 was used (10%). For this test, the first best three runs were
chosen from Table 7. The MatLAB code was written for doing the mutation process. From the
results summarized in table 8, it can be seen that no big changes in the values of the objective
function were observed for all of the three runs. This shows that the mutation has a little effect on
the optimum result.
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6. CONCLUSIONS

From the present work, the following conclusions could be obtained:

1)

2)

3)

4)

5)

6)

7)

The artificial neural network model, found to be efficient in obtaining the values of the length of
protection in the downstream side (L) and the volume required for superstructure (V) with a
correlation coefficients 97.5% and 99.4% respectively. The required number of hidden nodes was
9 with one hidden layer. Among different types of the activation functions of the hidden and
output layer tried, the hyperbolic tangent and the identity functions were found to be the most
suitable for the hidden and output layer respectively. The best learning rate and momentum term
found for the network are 0.4 and 0.9 respectively.

In the genetic algorithm model application for the problem understudy, indicated that as the size
of population of the solutions initially generated randomly increased, the differences in the
obtained optimal solution for different runs of the same input values are decreased. These
differences are insignificant when the size of population 30000, i.e. the same optimum objective
function and decision variables for all the runs, which is the required size of population for stable
solution.

The stable solution obtained for the size of population of 30000, requires 3 iterations of the
crossing over processes. Further iteration does not improve the optimum solution, i.e. the global
optimum was reduced using this number of iteration.

The genetic algorithm model indicates that the values of probability of crossing-over, probability
of mutation and mutation level have little effect on the obtained optimal solutions for the
problem studied.

Selecting different positions of the crossover using an integer position (k=1, 2, 4 and 7) reveals
that there are no large differences in the optimum solution. However, for k=2, the least value of
{f(x)} was obtained.

The obtained optimum solution using the genetic algorithm model is robust, i.e. each run give
different solution, and however, a slight difference was obtained for the decision variables for
most of the solutions. Hence, the designer should select the solution that gives the minimum
objective function {f(x)}.

The relative weight distribution of the objective function variables was found to have high
affection the optimum solution. Using an equal weight distribution for all dimensions of the
objective function (Sy, S;, B, L and V), the value of {f(x)} decreases to almost half of its initial
value. Hence, the designer should carefully choose a proper weight for each dimension
mentioned above.
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Appendix A: The Steps of MatLAB Code for the ANN Model

N e © ¢ ¢ ¢ 0 0 |

Structure data input:

Enter the maximum expected difference in head between upstream and downstream sides (H in meters),

Enter the value of impervious layer depth (D in meter)

Enter kr = k,/k, ratio of horizontal to vertical permeability.

Enter the floor length (B maximum in meters),

Enter the length of upstream cutoff (S; in meter) < depth of impervious layer (D),

Enter the length of upstream cutoff length (S,in meter),
Enter the values of 6, and ©..

Enter the model parameters matrices from Ann model (table

3):

[20.084 0.054 0.632 0.58 0.555 0.037 -0.045 0.062 |

S

|
|
0.041 0.218 0.1  0.124-0.023 0.064 -0.155 -0.22 |

0.039 0.349 -0.572-0.112 0.427 -0.128 0.011 -0.193 |
0.022 -0.102 0.731 -0.137 -0.212 -0.046 -0.022 0.124 |
-0.052-0.091 0.238 1.022 0.183 0.0620.007 0.246
-0.086 0.032 0.569-0.165 0.655 -1.467 -0.037 -0.128 |
0.056 -0.261-0.009 -0.187 0275 1.187 0.252 0.186 |

-0.032 0.195 -0.442 -0.106 -0.434 0.366 -0.095 0.26 |
-0.345 0.325 -0.037 0.155 0.421 0.382 0.208-0.104 |

-




Nu

Vo bias (9 x 1)=

W bias @x1)~

mber 9

[—1.5067

—0.552

—1.345

0.596
0.17

—1.826
—0.233

0.358

- 0.277 -

0.39
1.096

[0.212
0.008
—1.801

0.492

Wexa= | —0.478

3. Rescaling the eight input variables by using the standardization method:

Where:
_Sl_
S2
H
B
X(s x1)= D

Kr
o1

2.208
—0.432 —0.142

—-0.269 —0.141
- 0.197

(92

0.315 -

1.354]
0.747
0.055
0.795
0.373
0.047

4. Find the matrix Zin g

5. Find
6. Find
7. Find
8. Find

Volume 23 September 2017

Xs=(X-mean,)/sdy

Zin 0xy=Vo biaso)+V 8x9) * XS(axa)
Zin gqy=tansh (Zin(ex1))
Yeaty= Wo biastaxty+ W ox2) * Z(ox)
Yen=Yinea

L=y,*sd, +Mean_

V=y,*sdy+Meany
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Appendix B: Genetic algorithm Solution steps of the Optimization model

A MatLAB (R2008a) code was written to perform the Genetic Algorithm model by using the following steps:

1.

NG~ WN

10.

11.

Structure data input:
> Enter the maximum expected difference in head between upstream and downstream sides (H in meters),
> Enter value of impervious layer depth (D in meter)
> Enter k; = Kk / Kk, ratio of horizontal to vertical permeability.
> Enter the relative weights of the objective function

e Cs; : percent cost of upstream cutoff (S;)
e Cs;: percent cost of downstream cutoff (S,)
e Cg: percent cost of the foundation (B)
e C_ : percent cost of the length of protection (L)
e Cy : percent cost of the volume of the structure (V)
>  Enter the number of decision variables (nd)
» Enter the model parameters from ANN
e n: number of input variables.
e P number of hidden nodes.
e m: number of output variables.
e Enter the weight matrices Vpias, V, Wopias and W
> Enter the number of iterations (nit)
» Enter the number of population (np)
> Enter the cross-over probability (pc)
Generate random solution of np for each of the decision variable (Sy, S,, B, 6; and 6,).
Change the generated solutions to the ranges of each variable (eq.4)
Transform of the input variables to the standardized form
Calculate (L) and (V) by using the ANN model.
Calculate the value of the objective function using eq. (1):
Sort values of F(x) in ascending order
Select an individual strings according to their objective function values (fitness function) and copied them into the
mating pool. The number of pairs to be cross-over (NOCC) will be:

Nocc=|@ (12)

Make cross-over where each pair of strings undergoes crossing over by selecting the position of the cross-over
along the string uniformly. The resulting cross-over yields two new strings (offspring) as a result, the new
population (npao)will be :

npao = np+8*NOCC (13)

Find the value of F(X) for the new population (hpoa) after finding L and V for them, sort in ascending order, and
eliminate the last cases of new population (npao/2). The new population is then used in the next iteration of the
algorithm.

Go to step (8) to make another iteration.
S
B re—F—»
|
A
e-
S
D
Y
X XX K POV

Figure 1. The variables involved in the problem.
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Table 1. Results obtained for L and V using the Geo-studio Models (k=4.889*10-4, k./ky=2,
H=6m, B=12m, D=10m).

S w»w
3¢
39

wlwlw| v |lw|w|lw|lw|[dNN N R R R e
XY R Y =Y N ) I O3 NG YOUY N O ('R I N [F2CN N [V N IYOUY I O ISR NG (ORI O [N

Table 2. Data division percent.

Item % Total output
Training 692 | 57.70%
Sample | Testing 311 | 25.90%

Validation | 197 16.40%
Total 1200 | 100.00%
Excluded 0
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— Synaptic Weight =0
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Hidden layer activation function: Hyperbaolic tangent

Cutput layer activation function: ldentity

Figure 4. Architecture of the artificial neural network model.
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Table 3. Bias and weight matrices
Parameter Estimates

Predicted
Hidden Layer 1 Output Layer

HL4) | Hws) | Hwe) VARQD | VAROQ

009 0010
(Bias) 0.596 0.17 | -1.826
VAR00001 0.022 | -0.052 | -0.086
VAR00002 -0.102 | -0.091 0.032
VAR00003 0.731 0.238 0.569
VAR00004 -0.137 1.022 -0.165
VAR00005 -0.212 0.183 0.655
VAR00006 -0.046 0.062 -1.467
VAR00007 -0.022 0.007 | -0.037
VAR00008 0.124 0.246 | -0.128
(Bias)
H(1:1)
H(1:2)
H(1:3)
H(1:4)
H(1:5)
H(1:6)
H(1:7)
H(1:8)
H(1:9)

Predictor

6001

500+

400

Ea 300

Predicted Value
Predicted Value

3
S
1

100+

T T T T T T T T T T T T T T
o 1 2 3 4 B B 0 100 200 300 400 500 600

Figure 5. Comparison between predicted Figure 6. Comparison between predicted
and observed values of (L). and observed values of (V).
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Table 4. Comparison of ( L and V) values using geo-studio and ANN model.

Geo-studio
Model

L \Y \Y

1.7 | 223.82
1.7 | 238.28
1.5 | 249.18
1.2 | 261.94
2.3 194.84
2.1]212.43
1.9 | 227.01
1.7 | 213.17
0.8 | 135.02
0.7 | 145.49
0.6 | 153.66
0.4 161.12
120.67
143.23
160.68
176.39

ANN Model

A

=
Difference
for L Value

%
Difference

BB INPNNNRFRPRPRPRPRIRPWWWW

Table 5. Experimental result concerning the sensitivity analysis of the probability of crossover (pc)
(k=2, Cs1=0.1, Cs,=0.1, Cp=0.2, C. =0.2 and Cy=0.4).

%Difference
for Runl &
Run2

%Difference
for Runl &
Run3

%Difference
for Run2 &
Run3

-1.6489

-0.7481

0.8862

120 -
100 -

Objective function

o

N B D [o)
o o o o
1 1 1 1

-0.1674

M Run 1

-0.9889

ERun2 [HRun3

- A Yeea Ouwn )
No. of Population

-0.8202

Figure 7. Variation of the objective function with respect of number of population initial randomly
generated (k=4, Cs;=0.2, Cs,=0.2, Cg=0.1, C,=0.1, Cy=0.4 and pc=1).
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Figure 8. Variation of the objective function with respect of changing the integer position (k=2,

C31:0.2, C32:0.2, Cg=0.1,C.=0.1,Cy=04 and pC:].).
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Figure 9. Variation of the objective function with respect of changing the integer position (k=7,
C51:0.2, C52:0.2, Cg=0.1,C,=0.1,Cy=04 and pC:].).

100 +
01 [] ORunl ERun2 ERun3

" "No. of Population
Figure 10. Variation of the objective function with respect of changing the integer position (k=1,
Cs1=0.2, Cs,=0.2, Cg=0.1, C;=0.1, Cy=0.4 and pc=1).

19



Number 9 Volume 23 September 2017 Journal of Engineering

70 -
60 BMRunl HERun2 HRun3
o I+
2 50 - i
5 -
c
2 40
[«5)
2 30 -
(8]
()
=20 -
(@)
10 -+
0

Vo Yo oL Yoo Yorve Oaene Yoo Youun Yoran
No. of Population

Figure 11. Variation of the objective function with respect of changing the relative weights of the
objective function (k=2, Cs;=0.2, Cs,=0.2, Cg=0.2, C,=0.2, C\,=0.2 and pc=1).
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Figure 12. Variation of the objective function with respect of changing the relative weights of the
objective function (k=2, Cs;=0.1, Cs>=0.1, Cg=0.1, C,=0.3, Cy=0.4 and pc=1).
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Figure 13. Variation of the objective function with respect of changing the relative weights of the
objective function (k=2, Cs1=0.1, Cs,=0.1, Cg=0.1, C =0.1, Cy=0.6 and pc=1).
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Table 6. Optimum solution obtained using GA model H=10m, Kr=1, D=10m, pc=1, k=2, Cs;=0.2,
CSZ:O.Z, CBZO.Z, CL:0.2, CVZO.Z.

Table 7. Effect of mutation on the value of the optimum solution.

modified modified modified
variable variable variable
9, | 1185 0, 130 e, | 110
0, 61.1 ' 0, 50.2 ' 0, 51.2
3.8 3.7 4
0.53 ' 0.63 ' 0.4
11.3 10 9.9
4 ' 4 ' 3.8
9.9 10.1 105
0.63 0.63 ' 0.53
4 3.8 4
1235 ' 130 ' 118.5
0.63 0.73 0.5
55.2 ' 53.2 60.2

modified modified modified
variable variable variable
0, 125.3 0, 129.3 6, | 125.3
0, 68.1 ' 0, 73.1 ) 0, 73.1
3.8 4 3.9
0.61 0.71 ) 0.81
10.5 9.6 9.6
4 ' 3.8 4
10.5 9.6 9.6
0.61 ' 0.71 ) 0.81
3.8 4 3.9
125.3 ' 129.3 ) 125.3
0.61 0.71 0.81
73.1 ' 68.1 ) 73.1
ified modified dified
able variable variable
114.6 0, 119.6 6, | 114.6
46.3 ' 0, 69.3 ' 0, 69.3
3.8 4 3.8
0.57 ' 0.67 0.67
10.6 10.1 10.6
4 ' 3.8 ' 3.8
10.6 10.1 10.6
0.57 ' 0.67 ' 0.67
3.8 4 3.8
114.6 ) 119.6 ' 114.6
0.57 0.67 0.67
46.3 ' 69.3 ) 69.3

Run 1
(S1=3.9,
S$,=0.53,
B=10.3,

©,=128.5,
0,=51.2,
F(x)=35.59)
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Table 8. Comparison of estimated (L and V) values between Geo-studio model and GA model

Estimated Values

Given Values —
Genetic Algorithm Model Geo-studio
Model

(L) value
(V) value

s, | B o, | L L | Vv

6,

% Difference for
% Difference for

(m) | (m) (m) (m) | (m?)

056 | 6 80 1.3 ] 365

051 ] 81 1.1 | 789
0.61 ] 10 3.3 | 144
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Experimental study on performance of laterally loaded plumb and battered piles
in layered sand
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ABSTRACT

This study introduces a series of single and pile group model tests subjected to lateral loads in
multilayered sand from Karbala, Irag. The aim of this study is to investigate: the performance of the
pile groups subjected to lateral loads; in which the pile batter inclination angle is changed; the effect
of pile spacing (s/d) ratio, the influence of using different number of piles and pile group
configuration. Results revealed that the performance of single negative (Reverse) Battered piles with
inclination of 10° and 20° show a gain of 32% and 76 % in the ultimate lateral capacity over the
regular ones. For pile groups, the use of a combination of regular, negative and positive battered
piles in different angles of inclination within the same group shows a significant increase in the
ultimate lateral load carrying capacity. Increasing the spacing between piles in groups of the same
category shows an increase in the group efficiency, also changing the piles number within the group
by using different patterns will influence the ultimate lateral resistance of the pile group.

Key words: Lateral resistance, single pile, pile group, Battered Piles, Regular Piles.
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1. INTRODUTION

When regular or plumb pile groups do not provide sufficient lateral resistance, the piles can be
battered in order to mobilize some of the axial capacity to resist lateral loads. Batter pile or inclined
pile are generally classified into two types based on the loading direction. The pile which is battered
toward the loading direction is negative batter or reverse batter pile, whereas, the pile battered
against the loading direction is positive or forward batter pile as shown in Plate 1.
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Load direction ———————p—-—

Negatwve (Reverse) Batter . Positwe (Forward) Batter
Plate 1. Categorization of Batter piles.

One of the first recorded laterally loaded battered piles tests were conducted by Tschebotariofl,
1953 in which the capacity of a single pile battered 15 degrees in tension and compression and
plumb was measured. The results showed that the lateral capacity of a pile battered in compression
was much smaller than the capacity of a pile battered in tension. The tension pile had a capacity that
is 50% to 70% higher than the capacity of the compression pile. The tension battered pile was also
higher than the plumb pile which itself was higher than the compression pile.

Shang, 1994 performed lateral load tests on 3 by 3 batter pile groups in medium dense (Dr = 55%)
and loose (Dr = 33%) sand. A series of plumb pile tests were conducted for comparison. The pile
spacing used was 3D and 5D. The results were as follows: 1. The groups in the higher density sample
had significantly higher lateral resistance than did the looser samples. At 3 inches, lateral deflection
the 3D pile group has a 57% higher lateral capacity in a 55% than in a 33% relative density sample.
Also at 5D spacing, the pile groups in the 55% relative density samples had a 48% higher lateral
capacity than the ones in the 33% relative density sample. 2. In both dense and loose samples, the
pile groups arranged in 5D spacing had a higher lateral load capacity than the ones arranged in 3D
spacing. This was attributed to the reduction of overlapping passive shear zones between piles with
increasing distance.

Based on a centrifugal test on laterally loaded single battered piles embedded in sand, Zhang et al.,
1999 inferred that the effect of pile inclination on the lateral resistance is more effective in the dense
sand and the lateral resistance of pile increases with the increment of the inclination of reversed or
negative battered pile, whereas the lateral resistance decreases with the increment of inclination of
forwarded or positive battered pile. Rajashree, and Sitharam, 2001 performed a non-linear static
analysis for both positive and negative batter piles at different angles (10°-30° inclination) and
observed that the lateral deflection predicted at the ground line for a pile in positive batter is more
than for vertical pile and less than for a negative batter pile.

Sheikhbahaei, and Vafaeian, 2009 conducted dynamic response of concrete batter pile group under
seismic excitation through finite element modeling and concluded that the increment of either batter
inclination or center-to-center spacing reduces pile displacement, bending moment and Shear force.
Albusoda, and Al-Mashhadany, 2014 carried out a series of tests to study effect of vertical
allowable load and (I/d) ratio on the torsional behavior of piles, it was concluded that increasing
number of piles and (I/d) ratio leads to increase the torsional capacity of pile group.

Albusoda, and Al-Mashhadany, 2015 investigated the response of pile groups to eccentric lateral
load, it was concluded that the torsional capacity of pile group will increase as the allowable vertical
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load increases. In addition, the increase in number of piles and L/D ratio leads to increase in the
torsional capacity of pile groups.

Albusoda, and Alsaddi,2017 investigated the performance of single and pile groups subjected to
lateral loads, it was concluded that the lateral performance of piles increases due to the installation of
fin extensions. Increasing the piles spacing ratio and number of piles within the group will lead to an
improvement in the lateral performance of the group.

The objective of this research is to evaluate the performance of different piles as single or as group to
assess the improvement in the ultimate lateral load carrying capacities, such improvement is a
substantial goal in designing an economical foundation for structures enduring large lateral loads.

2. EXPERIMENTAL SETUP

A setup was fabricated for conducting the experimental tests of this research; a schematic
diagram of the test setup is shown in Plate 2.

Fixing nut 2 dial gauges
Pulley Arrangement Pile cap
L ¥ \\\ Model pile
s 1|

[ 1
E—
I Karbala sand
Weight Blocks

Plate 2. Side view of the testing container.

2.1. Testing Container

Experimental investigations have been conducted in a testing tank that was made of mild steel
consisting of four detachable sides of 4 mm thickness plates and a base of 6 mm thick plate, the tank
was fabricated with internal dimensions of 1000 mm width, 1000 mm length and 800 mm height.
The testing container was equipped with a square small door that can be used as a draining port of
the sand inside the tank after completing the tests, the inner faces of the tank graduated into eight
equal layers of 100 mm marked with two different colors to facilitate the sand bed preparation.

2.2. Raining System

A raining system was manufactured to obtain a relatively homogeneous sand beds depending on the
discharge rate and height, the raining system consisted of a frame and a hopper, a curtain miner sand
hopper was made of steel and has a dimension of (980 x 200 x300) mm equipped with two strips
opening of (5) mm each to discharge the rained sand, the sand hopper is attached to the sliding beam
of the raining frame using two height adjustable shafts. Plate 3 shows the raining hopper.
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Plate 3. Curtain miner raining hopper.

2.3. Loading Frame

A pulley arrangement was used as lateral loading frame attached to the side wall of the steel box in
which a steel wire is passed through to hold a static weight at one end while the other end is
connected to the pile cap, as shown in Plates (2) and (4).

2.4. Model Pile and Pile Cap

The model piles used in the current study were fabricated form aluminum alloy tubing with a closed
end having a total length of (500 mm), an outer diameter of (10 mm), and wall thickness of (1mm).
The slenderness ratio (L/d) of the model piles is 50 while the embedded depth used for the tests was
(450 mm). Plate (4.a) and (4.b) show model pile groups used in this study. The pile rigidity was also
related to the dimensionless embedment length I, for short and long piles.

Broms, 1964 introduced a coefficient that is calculated from:

N= "k 1)

Where E, is the modulus of elasticity of the pile material (69.4 X 10° kN/m2), I, is moment of

inertia of the pile cross section (2.898 x 107 m*), and n,, is the constant of subgrade reaction at
the pile tip. According to Terzaghi, 1944, the ranges of values for the coefficient () appearing in
equation (1) are (2.2, 6.6 and 17.6) MN/m3 for (loose, medium and dense) dry sand, respectively.
The dimensionless embedment length (N 1,,) has to be less than 2 to be considered as a short rigid
pile and greater than 4 to behave as a long elastic pile. Based on this criterion, the model pile used in
this study was fabricated to satisfy the flexible condition. Pile caps were made of (6 mm) steel plates
in which the cap will behave as rigid element compared to the aluminum model piles since the
flexural rigidity (ET) of the steel cap is much larger than that for the aluminum pile, an extension was
welded to the edge center of the cap that allows a steel tension wire to be attached.
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(a) (b) (©)
Plate 4. (a) Vertical pile group (b) Batter pile group (c) Testing setup view.

3. SOIL PROPERTIES AND SAND BED PREPARATION

Dry commercially available sand was used in this study from Karbala, Iraqg. The sample sand was
classified as (SP) according to (Unified Soil Classification System). The mean grain size (Ds;) and
the uniformity coefficient (C,,) of the sample sand was found to be (0.4 mm) and (2.56) respectively.
Fig.1 shows the gradation curve for the sand. The maximum and minimum dry unit weights were
(17.385 and 14.365) (kN/m?3), respectively. All physical properties tests of the sand were performed
in accordance with the ASTM standards.

The need for sand porosity control between associated minimum and maximum values led to the
development of several techniques by researchers such as vibration, tamping, and pulverization to
reconstruct sand samples in the laboratory, sand raining (pulverization) is the most familiar technique
and its widely used for preparing large, more homogeneous and repeatable sand beds of different
densities in geotechnical models that simulate the in-situ sand deposition. Raining calibration was
performed to obtain a relationship between the sand deposition elevation and the (D, %). In order to
reconstruct the sand bed at three different relative densities, the sand was allowed to fall freely from
a height of (500, 340 and 120 mm) to obtain a (D,. % = 70 %, 50 % and 32%) from bottom to top of
the testing tank. The estimated angles of Friction (@) using Direct Shear Test were (42°, 38° and 34°)
for (dense, medium and loose) states respectively. Table 1 shows a summary of the sample sand
physical properties.

4. TESTING PROCEDURE

Different pile group configurations with specific angle of inclinations and in different spacing have
been tested in this experimental study, the center to center spacing were 3d and 6d for both plumb
piles and Battered piles. Two different angles of inclination were used (10° and 20°) for the battered
piles. Plate 5 shows the side view of single and group battered piles used in this study.
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Plate 5. Pile group patterns and side view of batter piles prototypes.

At the beginning of the test, the sand was poured from a specific height using the curtain miner sand
hopper until the pile base level reached the piles were installed using a temporary metal mesh fixed
to the container sides and plastic bands acting as a clamp to fix the pile in vertical or inclined
alignment. To eliminate any boundary effect between the piles and container sides the piles were
placed at least 10 D distance from each side of the box and 30 D from the base. Raining process was
then resumed until the sand reached the top of the container to achieve a level of 50 mm below the
pile head. The pile cap was then installed. Two dial gauges were mounted on a rigid steel L-shaped
extension connected to the pile cap, these dial gauges were used to measure the horizontal
displacement at pile portion above the ground line. Then the piles were loaded incrementally until
failure occurred. The single and pile groups tested in this study are summarized in Table 2.

5. RESULTS AND DISCUSSIONS

A series of 15 experimental tests had been conducted to study the influence of pile spacing ratio
(s/d), number of piles within a group, group pattern and the angle of inclination on the pile lateral
resistance and group efficiency. The group efficiency (n) can be expressed as the variation of the pile
group resistance at a given deflection. According to Table 2, battered pile groups may consist of
negative, positive and vertical piles,

Pile head lateral load and lateral displacement curves for regular piles and battered piles are obtained
from the experimental tests and are shown in Fig. 2. Different researchers introduce through their
studies different assumptions on the interpretation of the ultimate lateral resistance of piles. Many
assumptions are based on the excessive lateral displacement or pile rotation Hu, et al., 2006. Prasad,
and Chari, 1999 stated that the point where the load - displacement curve becomes linear or
substantially linear is considered as the ultimate lateral capacity of pile. According to Peng et al.,
2004, the lateral load corresponds to 10% displacement of pile diameter is considered as the failure
load. In the present study and for the purpose of studying the influence of different factors and

28



Number 9 Volume 23 September 2017 Journal of Engineering

conditions on the ultimate lateral capacity of piles, the load corresponding to 20% displacement of
pile diameter is considered as the failure load.

5.1 Angle of Inclination Effect on Piles Performance

Increasing the angle of inclination for single piles in reverse direction shows a significant increase in
the ultimate lateral capacity the gain was (32%) and (46%) for piles inclined in tension (reverse
batter) on 10° and 20° respectively. Fig. 2 shows the load versus settlement for single piles. For pile
groups (G4S3) and (G5S3), the graphs show a gain in ultimate lateral capacities of (30%) and (38%)
respectively for inclination angles of 10°. An increase of (47%) and (53%) for inclination angle of
20° is shown. Similarly the ultimate lateral capacities of (G4S6) and (G5S6) pile groups show a gain
of (31%) and (50%) respectively for 10° inclination and (40%) and (79%) for 20° inclination over
the vertical ones. These results revealed that the pile group's lateral capacity will increase upon using
battered piles in spite of using the piles in both negative and positive directions within the same
group. The general performance trend of the groups were in good agreement with was shown by
Karsan et al., 2011 in which pile groups with different inclination of (positive and negative) within
the same group (0, 0, +10) to (0, 0, +30) and (-10, 00, +10) to (-30, 0, +30) offer (40-55%) more
resistance as compared to vertical pile group.

5.2 Effect of Pile Spacing on the Group Ultimate Lateral Capacity

Results of studying the influence of changing the spacing of pile groups lies under the same category
and pattern revealed that changing the pile spacing ratio (s/d) from 3 to 6 has a considerable effect on
increasing the ultimate lateral load carrying capacity of pile group. Fig. 3 shows the ultimate lateral
capacity versus pile spacing. The ultimate lateral resistance of vertical type (G4S6) increases with
(26%) more than that for the (G4S3), for the (G5S6) the gain in lateral load carrying capacity was
about (11%). On the other hand, the battered piles groups (G4S6) show an increase of (27%) and
(20%) over the (G4S3) for inclination angle of (10°) and (20°) respectively, similarly the (G5S6)
ultimate lateral capacity shows an increase of (20%) and (30%) over the (G5S3). This reduction
observed in the lateral performance of pile groups as the spacing ratio 6 to 3 can be attributed to the
group interaction effects. When each pile in group pushes against the soil in front of it, creating a
shear zone in the soil, these shear zones begin to enlarge and overlap as the lateral load increases.
More overlapping occurs if the piles are spaced very close to each other in both rows and columns.
All of these “group interaction effects” result in less lateral resistance per pile. “Edge effects” is used
to describe the effects of overlapping zones of influence occurring between two piles in the same
row, and when overlapping occurs between piles in different rows it is known as “shadowing
effects”.

5.3 Effect of Group Pattern on the Ultimate Lateral Capacity

The effect of increasing the number of piles on the lateral group efficiency is studied using two types
of pile group configuration. The G5 pattern shows a significant influence on increasing the ultimate
lateral capacity of the piles in comparison to the G4 pattern. For vertical piles comparing pile groups
with the same (s/d) ratio (G4S3) group with (G5S3) and (G4S6) with (G5S6), revealed an increase of
(40%) and (22%) respectively, while for battered piles the results show a gain of (48%) and (30%)
for comparing (G4S3) group with (G5S3) and (G4S6) with (G5S6) respectively for an inclination
angle of (10°) and a gain of (45%) and (56%) for groups with (20°) pile inclination. These results are
introduced in Fig.4.
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6. CONCLUSIONS

A series of laterally loaded laboratory model piles tests were carried out to investigate the influence
of pile spacing, effect of using battered piles and using different patterns of pile groups on the
ultimate lateral capacity. The following conclusions are drawn from the experimental works:

1- The lateral resistance of single piles increases with (32%) and (46%), upon using piles with
reverse batter angle of (10 °) and (20°) respectively. While for pile groups the ultimate lateral
resistance were in gradual increase, the largest increase in the ultimate lateral resistance were
recorded for (G4S6) and (G5S6) pile groups in which the gain recorded was (31%) and
(50%) for 10° inclination and (40%) and (79%) for 20° inclination over the vertical ones.

2- Increasing the pile spacing ratio (s/d) from 3 to 6 within a group shows an increase in the
lateral load carrying capacity of pile groups.

3- Increasing the number of piles within the group by using the G5 pattern will lead to a gain in
the lateral load resistance of pile groups

7. REFRENCES

e Albusoda, bushra S. and Al-mashhadany Omar y.,2014. Effect of allowable vertical load and
length/diameter Ratio (L/D) on behavior of pile group subjected to torsion, University of
Baghdad, journal of engineering, vol 20 (12).

e Albusoda, bushra S. and Al-mashhadany Omar y.,2015. Response of Piles Group Subjected
to Eccentric Lateral Load, AARU journal, vol 2 (22).

e Albusoda, bushra S. and Alsaddi, Anmar F.,2017. Experimental study on performance of
laterally loaded plumb and finned piles in layered sand, ARJ journal, Vol. 3, Issue, 1, pp. 32-
39.

e Broms, 1964. The Lateral Resistance of Piles in Cohesionless Soils, J. Soil Mech.
Found.Div., ASCE, Vol. 90, No. SM3, May 1964b, pp. 123-156.

e Hu, Z.,, McVay, M., Bloomquist, D., Herrera, R., and Lai, P., 2006. Influence of torque on
lateral capacity of drilled shafts in sands. Journal of Geotechnical and Geoenvironmental
Engineering, ASCE, 132 (4), 456-464.

e Karsan R. Hirani and A. K. Verma, 2011. Lateral load carrying capacity of model pile
groups.National Conference on Recent Trends in Engineering & Technology.

e Peng, J., Rouainia, M., Clarke, B., Allan, P., and Irvine, J., 2004. Lateral resistance of finned
piles established from model tests. Beirut, CFMS, Lebanon., In Proceedings of the
International Conference on Geotechnical Engineering, pp. 565-571.

e Prasad, Y.V.S.N,, and Chari, T.R., 1999. Lateral capacity of model rigid piles in cohesionless
soils.Soils and Foundations 39((2)): 21-29 .

e Rajashree, S. S, and Sitharam G.T. , 2001. Nonlinear finite-element modeling of batter piles
under lateral load. Journal of Geotechnical and Geoenvironmental Engineering., vol 127 (7),
pp: 604-612.

e Shang, T.-1., 1994. Analysis of Laterally Loaded Piles in Sand .Master's thesis,University of
Florida.

30



Number 9 Volume 23 September 2017 Journal of Engineering

e Sheikhbahaei, A., and Vafaeian. M ., 2009. Dynamic study of batter pile groups under
seismic excitations through finite element method. World Academy of Science, Engineering
and Technology, pp:51-57.

e Terzaghi, K., 1944. Theoretical Soil Mechanics. New York.: Wiley.

e Tschebotariofl G.P, T., 1953. The Resistance to Lateral Loading of Single Piles and of Pile
Groups, Symposium on Lateral Load Tests on Piles. Philadelphia,Pennsylvania: American
Society of Testing Materials, No.154, pp. 38-48.

e Zhang, L., McVay, M.C., Han, J. H.,Lai, P. W., 1999. Centrifuge modeling of laterally
loaded single battered piles in sand. s.l.:Candian Geotechnical Journa., voll 36(6): 561-575.

NOMENCLATURE
ASTM American society for testing and materials
Cu coefficient of uniformity
Cc coefficient of curvature
D10, D3o, Dgg  particle sizes corresponding to 10%, 30%, and 60%
D pile diameter
D, relative density
Gs specific gravity
El pile flexural rigidity
N broms coefficient
i pile group efficiency
s/d pile spacing ratio
1/d slenderness ratio of pile
L, embedment depth of pile
I, moment of inertia of pile cross section.
My, coefficient of horizontal subgrade reaction.
) angle of internal friction for sand
Ya max maximum dry density
¥4 min minimum dry density
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Figure 1. Karbala sand gradation curve.
Table 1. Sand physical properties.
Soil index properties values
Specific gravity (GS) 2.68
Soil Classification (USCS) SP
C, 2.56
C, 1.16
D,, (mm) 0.18
D, (mm) 0.31
D, (mm) 0.40
D, (mm) 0.46
Maximum dry unit weight (kN/m?3) 17.385
Minimum dry unit weight (kN/m?3) 14.365
Maximum void ratio 0.83
Minimum void ratio 0.51
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Table 2. Summary of experimental tests

Vertical piles Battered Piles (10 Tests)
(5 Tests) Angle of inclination (leading row, trailing row1, trailing row2)
Single Single (-10°) and (-20°)
G4S3 G4S3 (-10°,10°) and (-20°,20°)
G4S6 G4S6 (-10°,10°) and (-20°,20°)
G5S3 G5S3 (-10°,0°,10°) and (-20°,0°,20°)
G5S6 G5S6 (-10°,0°,10°) and (-20°,0°,20°)

Note: Example of symbolic name of pile groups: (G4S3 = Group with 4 piles pattern and s/d = 3)
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Figure 2. Ultimate lateral load versus lateral deflection for Battered and regular piles
(a) Single (b) G4S3 (c) G4S6 (d) G5S3 (e) G5S6.
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ABSTRACT

Nanocrystalline ZnO/Zeolite type A composite was prepared by simple method of operation by
the precipitation of zinc oxide and loading on zeolite 5A in one step. Characterization was made by
X-ray diffraction (XRD), X-ray fluorescence(XRF), N, adsorption- desorption for BET surface area,
and Atomic force microscopy (AFM). Results showed that zinc oxide was loaded on zeolite as
noticed by the characteristic peaks and was of nano scale having an average diameter of 88.57nm.
The percentage loading of ZnO on zeolite A was 28.37% and the surface area was 222m?/g. The
activity of the prepared catalyst was examined in the desulfurization of double hydrogenated diesel
fuel. The process was investigated in a controlled autoclave with temperature range studied 100-
220°C. Results indicated an oxidation of thiophenic compounds on the surface of the catalyst
coupled with adsorption. About 35% reduction was obtained and the capacity was 10.56 mg S/g
catalyst.

Keywords: reactive adsorption, ZnO, desulfurization
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1. INTRODUCTION

The new environmental regulation and stringent specification leads to the demands of
lower sulfur content for better transportation of fuel, improved fuel properties, limited
SOy emissions and catalyst poisoning. Reduction of sulfur in fuel is crucial due to its
harmful effects such as corrosion problems in refining plants and poisoning
(deactivation) of catalyst in downstream refining processes Zhang, et al., 2013. Sulfur
content in crude oil can vary between 0.05 and 6 wt.%, thus crude oils can be classified
as sweet ones for less than 0.5 wt.% sulfur, and sour crudes with more than 1.5 wt.%
sulfur Fahim, et al., 2010 and Gary, 2001.The sulfur-containing compounds in transport
fuel include (a) sulfides R,S(b) mercaptanes RSH (c) disulfides RSSR (d) thiopenes (e)
benzothiopense and (f) dibenzothiopene Song and Ma, 2006.

The technological approaches and methodologies for sulfur desulfurization process
with non-hydrogen consuming techniques which are (i) oxidative desulfurization (ODS)
(i) biodesulfurization (iii) desulfurization by zeolites, and (iv) adsorption Song and Ma,
2006, Song, 2003, James, et al. 2008 and Solaimani et al, 2007. Although,
hydrodesulfurization (HDS) is highly efficient in removing sulfides, disulfides, and
mercaptanes but it is less effective for aromatic thiopenes Hernandes-Maldonado, and
Yang, 2004, in addition of remarkable decrease in octane number of the product because
of the hydrogenation process which causes the saturation of olefins contained in FCC
gasoline.

Several researches on desulfurization by reactive adsorption method have been
reported which is considered as a desulfurization process using non-hydrogen consuming
technique, such process has been used on industrial scale. A catalyst consisted of silica
(20-60 wt.%), alumina (5-15 wt.%), zinc oxide (15-60 wt.%) and nickel and/or cobalt (1-
3 wt.%) Brunet, et al., 2005. The mechanism of desulfurization in reactive adsorption
supposed that zinc oxide (ZnO) behaves as an acceptor for sulfur produced from sulfur
compounds on reduced Ni° Babich, and Mouijn,2003 , Tawara, et al., 2001,
Bezversky, et al., 2008 and Huang, et al., 2010. Drawbacks exist in the reactive
adsorption desulfurization (RADS) process, like the limited sulfur saturation adsorption
capacity of zinc oxide leads to frequent regeneration of the adsorbent.

Zhang, et al., 2013 investigated the development of bifunctional NiPb/ZnO-
diatomite-ZSM-5 catalyst for FCC gasoline upgrading by (RADS) coupling
aromatization, the Pb-modified Ni/ZnO adsorbent has the ability to stop olefin saturation
by partly deactivating the hydrogen active sites through small amount of lead deposited
on the catalyst. They found that optimal Pb/Ni ratio is about 1:20, and they concluded
that improved bifunctional catalyst RADS adsorbent/catalyst showed deep
desulfurization coupling olefin aromatization performance. Al-Bogami, and de lasa,
2013 introduced the catalytic conversion of benzothiophene over H-ZSM5 using
temperature range of 350 to 450 °C where a reactive mode of adsorption is approved with
maximum conversion of about 50% at 450 °C.Song, 2014 investigated desulfurization by
metal oxide/graphene composites by using zinc oxide and copper oxide on reduced
grapheneoxide (rGO).The author concluded that the addition of copper oxide to zinc
oxide increased H,S adsorption capacity up to 18 times for Cu;sZngs/rGO compared to
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pure ZnO, the H,S adsorption capacity increased until 15mol% Cu. Ahmed, et al., 2014
investigated the impregnation of Fe, Cr, Ni, Co,Mn, Pb, Zn and Ag on montmorollonite
clay. They found that Zn based adsorbent was the most efficient among other types for
desulfurization of diesel oil (1% S), kerosene (0.05 %). Efficiency was 76% for kerosene
and 77% for diesel oil. Boikov, and Vishnetskaya, 2013 had investigated the oxidation
of thiophene in a mixture with benzene by chemical analysis to the products of the
reaction at temperature ranges of 200-320 °C using mixed oxides of MoO and V,0s.They
concluded that molecular oxygen on the catalyst can oxidize thiophene efficiently where
conversion decreased from 77% after 1hr to 49% after 3hrs.

In this research a new composite catalyst containing zinc oxide loaded on zeolite type
5A was prepared and tested for catalytic activity in the reduction of sulfur compounds in
double hydrogenated diesel fuel. A precipitation method was adopted to prepare zinc
oxide (ZnO) and on the same time was loaded on Zeolite in one step. Investigation of
reactive adsorption desulfurization for diesel fuel by ZnO/ Zeolite catalyst was
implemented in an autoclave reactor with stirring and heating mode at mild temperatures.

2. MATERIALS AND METHOD
2.1 Chemicals

Diesel fuel was obtained from the Ministry of Oil, which was hydrogenated twice
previously in the laboratories of Petroleum Research and Development Center (PRDC).
All measurements of sulfur content were carried out by sulfur analyzer (XRF) at the
Refining and Gas Researches Department. The feed diesel fuel has sulfur content of
2330ppm. Sodium hydroxide 99% and Zinc nitrate hexahydrate were from local markets.
Zeolite 5A (SINOPEC Company, China) was supplied bythe Arab company for
detergent chemicals (surface area 475m%g). The zeolite samples were activated by
heating for two hours in at 200 °C and kept in desiccator.

2.2 Preparation of ZnO/Zeolite Catalyst

The procedure of ZnO preparation from nitrate salt was adopted by following Gusatti
et al 2009, but in the present work the idea was explored for zeolite loading in one step.
Precipitation of ZnO nanoparticles was implemented through the chemical reaction (Eq.)
between zinc nitrate and sodium hydroxide. The final solution (1M) was heated to 70°C
with zeolite 5A, dispersed in it (using magnetic heater stirrer Labinco, Holland) in an
insulated two neck round bottom flask. Drop wise addition of zinc nitrate solution was
proceeded within one hour and further heating of the mixture was continued for another
two hours. White precipitate was continuously seen during the reaction time where on
completion, was washed several times with deionized water, dried at 65°C overnight,
calcined at 350 °C for 3 hrs and then sent for characterization.

Zn(NO3),.6H,0+2NaOH — > Zn0O +2NaNOs + 7H,0 1)

The crystalline phase analysis was performed by using X-Ray diffraction BRUKER,
Germany, diffractometer equipped with a Cuka (K=1.54056 A°). Particle size were
tested via Atomic force microscopy (AFM) using an AA3300/Angstrom Advance Inc.
Composition was by X-ray fluorescence and N, adsorption — desorption for surface area.
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The maximum capacity (qg;) of the prepared catalyst was calculated by Eq.2.
g= (Co-Ct)VIW @)

gt is in mg Sulfur/g zeolite, Co= initial concentration (mg/l), Ct= final concentration
(mg/l), V= volume of fuel (I), W= weight of catalyst (g).

2.3 Desulfurization Experiments

The prepared catalyst ability for the reduction of sulfur compounds was examined in
an electronically temperature controlled stainless steel autoclave (200ml) lined with poly
tetraflouroethylene (PTFE )with stirring and heating for temperatures of 100,140,180,
and 220°C under autogeneous pressure. Two catalyst loadings were tested using 5 and
10g per 100 ml of diesel fuel. Also, the fuel was oxidized using 5 ml of H,0,( 20% ) and
1ml of acetic acid (CH3COOH) then was subjected to the same desulfurization reaction in
the autoclave. Details of the autoclave can be found elsewhere Alnaama, 2016. Analysis
of sulfur content was done using XRF sulfur analyzer, in the PRDC, Ministry of QOil.

3. RESULTS AND DISCUSSION
3.1 Characterization of ZnO/Zeolite Composite
3.1.1 XRD

The parent zeolite 5A was characterized by X-ray diffraction and is shown in Fig.1.
The crystalline phase analysis was performed by using an XRD BRUKER, Germany,
diffractometer equipped with a Cuka (K=1.54056 A°). It can be seen that calcium ion is
partly included in the lattice as exchanged with sodium ions. The prepared ZnO/ zeolite
A was characterized and its phase confirmation was examined by XRD pattern shown in
Fig. 2, where it can be observed that two phases are prepared with no impurities. The first
phase is Sodium Aluminum Silicate Hydrate (Zeolite A) and the second is Zinc Oxide.
Peaks of ZnO are well observed by the characteristic peaks and compared with the
standard peaks. The comparison is the output of the instrument where the standard phases
are stored inside. The dspacing Values of Zeolite A are 12.3 and 8.7 A°(12.11 and 8.63
standard) versus their intensities of 65.5% and 35.4% ( 64.5% and 28.1% standards).
Those values for ZnO are 2.8 and 2.469 A°( 2.81 and 2.47 standards) versus intensities of
55.5% and 98% ( 65.9% and 100% standards). Typical values of zinc oxide are also
found in past studies and match the present results as in Alwan et al, 2015, Sesha, and
Rao, 2013 and Rama, et al., 2010.

3.1.2 AFM

The topography and particle size were tested via Atomic force microscopy (AFM)
using an AA3300/Angstrom Advance Inc., where AFM 3D images are shown in Fig. 3.
This figure shows the detailed observation of nano-scale events at crystal surface,
showing also the layer growth of crystal and height of terraces. Uniform nano pore size
distribution and surface roughness can be observed. The particle size is of nano size and
the average diameter is 88.57nm, dio is 60nm, dsp is 90nm and dgo is 110nm as listed in
Table 1 and the cumulative particle size distribution is shown in Fig.4.
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3.1.3 XRF

The catalyst composition was investigated by X-ray fluorescence. Results revealed that
the chemical analysis was as follows; Na,O: 8.758%, CaO: 5.37%, SiO,: 11.67, Al,Oz:
8.107%, and ZnO: 28.37%. It is concluded that the presence of zeolite 5A in the alkali
media causes an ion exchange process where zeolite 4A was produced and is the
dominant phase containing sodium ions while calcium ions decreased from the prepared
composite. Therefore ZnO particles were loaded on the sodium form of zeolite A.

3.1.4 Surface area

Surface area was measured by nitrogen adsorption/desorption. The value for the prepared
ZnO/Zeolite composite was found 222m?/g where a decrease in the surface area is found
and could be attributed to the deposition of zinc oxide powder in the pores of zeolite
causing the blockage and interferes nitrogen diffusion. However, the value is still
acceptable for adsorption compared to the surface area of metal oxides. Pore size was
also measured by the same technique and was 4.3nm which is in agreement with AFM
results. Pore volume is 0.239 cm*/g.

3.2 Desulfurization study
3.2.1 Effect of Temperature and catalyst loading

Fig. 5 shows the effect of temperature increase on the removal of sulfur compounds in
diesel fuel. It can be seen that the sulfur content decreases from 2330 to 1802 ppm as the
temperature rises from 100 to 220 °C using 5 grams of ZnO/ zeolite. Sulfur content
decreases to 1515 ppm using 10 grams (Fig. 6). This treatment achieved 22.6 % and 35%
removal. This reduction can be explained by that, thiophenic compounds are adsorbed on
the surface of the ZnO/Zeolite and acting as adsorbent for thiophenes. Zinc oxide is
known as an efficient adsorbent for different sulfur compounds and because of its low
surface area (as most of metal oxides) it is sometimes either mixed with sorbents with
higher surface area like Al,Osor graphite as in the work done by Shangguan, et al., 2010
or loaded ( on zeolite A in the present study) and dispersed on other materials acting as
support like ZnO/ SiO,Yang, and Tatarchuk, 2010.

The mechanism for the reduction in the total sulfur compounds can be assumed to occur
in many possible ways depending on the past information cited in literature. Xu, etal.,
2014 suggested two ways; the pi-complexation depending on the work of Takahashi,
2002, Hernandez-Maldonado, et al., 2005 and Hernandez-Maldonado, et al., 2005A.
The m-complexation occurs in adsorbents particularly, zeolites especially Y which
exhibit high sulfur-adsorption capacity, but show low selectivity for sulfur compounds as
the result of competitive adsorption of aromatic compounds but zeolite A in the present
study has the selective affinity for sulfur compounds as aromatics cannot be adsorbed due
to the narrower pore size in comparison to zeolite Y. The other suggestion is the direct
Sulfur—Metal (S—-M) interaction based on Sarda, et al., 2012 and Velu, et al., 2003.
Meanwhile, the desulfurization based on the second mechanism faces difficulties due to
the steric hindrance to remove complex sulfur compound such as 2,3-dimethyl
benzothiophene (2,3-DMBT),2,3,7-trimethyl benzothiophene (2,3,7-TMBT) and many
more. The high affinity of zeolite to sulfur compounds could be attributed to that they are
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considered as Lewis base, so they are best adsorbed on zeolites having Lewis acid sites
(Xue et al., 2005).

It was found that the maximum capacity was 10.56mg S/g catalyst. Comparing of this
value with the work of Blanco-Brieva, et al., 2010 for the adsorption on zeolite Y, these
values were 7.5, 10 and 16 mgSulfur/ g zeolite for DMDBT (dimethyldibenzothiophene),
BT (benzothiophene) and DBT (dibenzothiophene) respectively which is considered of
good agreement with zeolite Y of wider pore size and higher surface area (662m?/g ).

3.2.3 Effect of Peroxide addition

In the range of temperature studied in the present work, there is a focus on the oxidation
reaction of thiophene and its derivatives to occur on the surface of ZnO as a metal oxide.
This explanation is widely encouraged and could be the reason behind desulfurization of
diesel fuel in the present study because the oxidation by hydrogen peroxide (Fig. 7) was
found to have little impact on the reduction of sulfur compounds and could be attributed
to that H,O, is subjected to the double hydrogenated fuel which contains refractory
thiophenic compound which are difficult to be oxidized by the peroxide or could be
oxidized to a little extent.

Also, it can be seen in Fig.6, the results of treatment of the same diesel fuel by the
oxidation using hydrogen peroxide which was done by Yasameen, 2014 using activated
carbon at 80°C. The low extent of desulfurization using peroxide (25%) agrees well with
the present results showing the hindered desulfurization of the sulfur compounds in the
fuel.

The present results can follow the same trend as those of Boikov, and Vishnetskaya,
2013 who reported a slight oxidation of sulfur compounds coupled with a reactive
adsorption of the produced sulfoxides and/or sulfones on their catalyst. The
aforementioned findings can be used to deduce a fact that oxidation occurs in the
autoclave reactor using the ZnO/Zeolite having catalytic adsorptive property to
decompose thiophenic compounds to sulfones and sulfoxides and then reactive
adsorption occurs on zeolite surface. Therefore, the oxidation-adsorption process is
occurring on the surface of the zinc oxide which attracts the sulfur containing compounds
to be oxidized and adsorbed by a coupling technique and can be a promising procedure
for future application to produce ultra-fine fuel from different petroleum fractions.

4. CONCLUSIONS

Nano ZnO/Zeolite A composite was efficiently prepared by precipitation of zinc oxide
and loading on zeolite molecular sieves type A in situ. The prepared material matches the
crystalline structure of standards. Nanomaterial was prepared with average diameter of
88.57nm and dso is 90nm. Surface area of the prepared composite is 222m?g.Pore size is
4.3nm and pore volume is 0.239cm®g. The activity of the prepared catalyst was
examined in the desulfurization of Iraqi diesel fuel which was double hydrogenated
previously. Results indicated the adsorption of thiophenic compounds on the surface of
the catalyst also, a slight oxidation coupled with reactive adsorption can be a reason for

43



Number 9  Volume 23 September 2017 Journal of Engineering

sulfur reduction. About 35% reduction of sulfur compounds was obtained and the
calculated capacity was 10.56 mgS/g catalyst.
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Figure 3. 3D AFM Image.

Table 1.AFM Particle size distribution.

Diameter(nm)< | Volume(%) | Cumulation(%) | Diameter(nm)< | Volume(%) | Cumulation(%o)

50 0.5 0.5 90 11.56 49.25

55 3.02 3.52 95 10.05 59.3

60 251 6.03 100 12.56 71.8

65 4.02 10.05 105 8.04 79.90

70 6.03 16.08 110 8.54 88.44

75 9.55 25.63 115 7.04 95.48

80 8.04 33.67 120 4.52 100

85 4.02 37.69
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ABSTRACT

Heat exchanger is an important device in the industry for cooling or heating process. To
increase the efficiency of heat exchanger, nanofluids are used to enhance the convective heat
transfer relative to the base fluid. y- Al,Os/water nanofluid is used as cold stream in the shell and
double concentric tube heat exchanger counter current to the hot stream basis oil. These
nanoparticles were of particle size of 40 nm and it was mixed with a base fluid (water) at volume
concentrations of 0.002% and 0.004%. The results showed that each of Nusselt number and
overall heat transfer coefficient increased as nanofluid concentrations increased. The pressure
drop of nanofluid increased slightly than the base fluid because of the low concentration used.
Key words: heat exchanger, heat transfer, nanofluids, Nusselt number.
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1. INTRODUCTION

Heat transfer is one of the most important fields in the industry. Heat can be transferred in many
ways like, evaporation, condensation, cooling and is encountered in processes of chemical
industries, refrigeration and waste management. Heat exchanger is used to transport heat
between two fluid streams of different temperatures. There are many ways to enhance the
performance of the heat exchanger by enhancing the design, increasing the contact area and
working fluids.

These days many researchers investigate the increasing of heat transfer in heat exchanger by
using ultra- fine particles (nanoparticles) of various materials (metal and metal oxide) suspended
in the base fluid (water, ethylene glycol, oils) forming nanofluids. Choi, 1995 and Eastman,
1996 studied many types of nanofluids by adding different nanoparticle materials into different
base fluids. Using nanoparticles with conventional liquids is used to enhance the thermal
properties of the base fluids. These particles have higher thermal conductivities than the base
fluids.

Masuda et al, 1993 studied the thermal conductivity and viscosity of three types of
nanoparticles Al,Os, SiO;, TiO, in water. Wen and Ding, 2004 studied the effect of Al,Os;
nanoparticle in deionized water flowing through copper tube in laminar condition and found that
the Nusselt number increased by 47% for 1.6% volume concentration of Al,O3 nanoparticle.
Heris et al, 2006 studied the effect of Al,Os/water nanofluid of laminar region flow in circular
tube of constant wall temperature, the results showed that heat transfer coefficient was enhanced
by 40% for 2.5% volume concentration. Anoop et al, 2009 studied the effect of two size
particles of Al,O3/ water of (45 and 150) nm in a flow pipe of constant wall flux. They found
that the nanofluids of particle size 45nm had higher heat transfer coefficient than nanofluid of
particle size 150nm.

Zamzamian et al, 2011 studied the effect of two types of nanofluids Al,O3/ EG and CuO/EG in
a double pipe heat exchanger, the results showed that the heat transfer coefficient was increased
from (2- 50) % by using nanofluids. Jaafer et al, 2013 investigated the different concentrations
of Al,O3; nanoparticle between (0.3- 2) % volume concentration of particle size of 30 nm, in
horizontal shell and tube heat exchanger of counter current flow in turbulent flow conditions.
They found that the heat transfer coefficient, viscosity and friction factor increased with
increasing volume concentration of nanofluid. Chavda et al, 2014 prepared Al,Os/water
nanofluid of concentration (0.001, 0.002, 0.003, and 0.004) % volume to study the effect of
nanofluid upon friction factor. Chavda et al, 2014 studied the effect of different sizes of Al,O3
nanoparticle from 0.001- 0.01% volume concentration in water base fluid working in a double
pipe heat exchanger for co-current and counter current arrangement. The results showed that the
heat transfer coefficient increased with increasing volume concentration of nanoparticles.

Sudarmdji, 2015 studied the effect of the Al,Os/water in laminar flow conditions on pressure
drop and friction factor of concentration of 0.5%, the results were compared with theoretical
values of deviation of -13.6% to 9.98%. The aim of this work is investigating the y- Al,O3/ water
nanofluid of two volume concentration of 0.002, 0.004% in shell and double concentric tubes
heat exchanger in turbulent flow region.

2. EXPERIMENTAL SETUP

The shell and double concentric tubes heat exchanger constructed by Fadhil, 2013 was used in
this work. Three streams of fluids were designed to work in the shell and double concentric tube
heat exchanger. They were two as hot fluids and one cold nanofluid in the opposite side
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direction. The heat exchanger has a (1.3m) length and effective tube length of (1.08m). The shell
is made of carbon steel with inner diameter is (203mm), and the shell outer diameter is (220mm).
Baffles of thickness (6mm) are spaced by a distance of (100mm).

The inner tubes made of carbon steel with (10mm) thick, (20mm) inside diameter and (25mm)
outside diameter were used. They are divided as triangular (30°) tube pattern. The clearance
between two adjacent tubes is (6.25mm), and the tubes pitch is (31.25mm). A second group of
16 carbon steel tubes of (6mm) inside diameter and (10mm) outside diameter, two passes tubes
side were used as concentric inner tubes.

3. PREPARATION OF NANOFLUID

Nanofluids were prepared by taking the two step method for preparation of nanofluids. The
nanopowders from (EPRUI Nanoparticles & Microspheres China) were dispersed in the water
(base fluid) at specific concentrations (0.002 and 0.004) % by volume. The nanopowders were
weighed by using electronic balance and in the hood of laboratory to avoid the pollution of
nanoparticles. A 250 litter of nanofluids were prepared each time using a speed homogenizer of
(10000) rpm (Ultra — Turax Janke &Kunkel KG) to keep the nanoparticles in motion. This will
stabilize the suspension and prevent the agglomeration and sedimentation. The mixing continued
for 2 hours. The shear agitation continued for 48 hours, to maintain the nanoparticles in motion
and suspended in the base fluids. The density of nanofluid and oil was measured by picknometer
of 10 ml, while the viscosity was measured by viscometer ASTM D445 Viscometer Bath. The
thermal conductivity for nanofluid and oil was measured by KD2 Pro thermal property analyzer
(decagon Device, Pullman, WA, USA). The temperature, at which the thermal conductivity of
nanofluid was measured, was set to 25°C, while for oil it ranged as (85, 75, 65, and 55 °C).

4. EXPERIMENTAL PROCEDURE

A tank of capacity of 300 litters containing cold feed or nanofluids with a mixer to prevent
coagulations and sedimentation of nanoparticles. The mixer has three paddles of width (20cm)
and (3mm) thickness, with a speed of (100 rpm). A centrifugal pump (Type, SP24T) was used to
pump the nanofluids. The nanofluid enters the heat exchanger at the annulus side between the
shell and inner tubes, and exits from the exchanger to the collector tank. From the collecting tank
the nanofluid enters in a small unit for cooling nanofluids by pumping it through a spiral tube of
5 cm inside diameter, covered with a shell of diameter 20 cm. The cold water enters the shell
counter currently to the flow of nanofluid spiral tube. The nanofluid returns back to the main
tank, where it was left for a certain period of time and its temperature was measured using a
portable thermocouple (type k).

In the other side, hot oil was consisted in a tank of 250 litter capacity supported with two heaters
to reheat the oil to the desired temperature by thermostat controller, which was connected to the
electric board. The oil has been pumped by centrifugal pump (kind Sp 24T, 2hp) with a flow
meter regulated by gate valve on the pipes. The feed is divided into two parts supported by
pressure gauge at the inlet and outlet of the exchanger. Second tank was used to collect the oil,
which ends out from the heat exchanger. The two oil streams runs out from the heat exchanger to
the oil tank collector, at this time two thermocouples type (k) were added to measure the
temperatures of the two oil streams for both shell and inner tubes of heat exchanger. On the cold
feed side, the nanofluid is pumped and the oil centrifugal pump is started at the same time at the
desired flow rates of both fluids.

When the flow of both fluids attained in a steady state, the cold side nanofluid flow had a rate of
(45) I/min and a temperature of 20 °C, while the hot oil side fluid is pumped at varied flow rates
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(30, 40, 50) I/min, and with temperatures between 85 °C to 55 °C. The pressures were recorded
at the inlet and outlet of the heat exchanger for the pipe and shell sides, annulus tube and inner
tubes. The temperature was measured for the same streams.

The procedure is repeated for flow rate of cold water in the annulus side as (15, 25, 35) I/min
with a fixed temperature of 20 °C. This step was repeated after changing the setting of thermostat
by 10 °C steps for temperature of hot oil from 55 to 85°C. Fig. 1 shows the equipment's process.

The mass flow rate inside the annulus section of the concentric tube is a function of the density
of fluid, the velocity of fluid, flow cross sectional area and the number of tubes.

PU Ac, N,
m, = —— = (1)
N P
where the inner flow cross sectional area of the annulus passages is:
T (~2 2
Aczzz(Dz _dl) 2

and (Np) is the number of tubes by pass in the heat exchanger, u, the velocity of fluid in inner
tubes

Reynolds number is calculated as follows:

u,d
Re, = LY 4, 3)
H,
The hydraulic diameter of the annulus is:
d, =D, —d, (4)
to calculate the Prandtl Number:
C
PI’2 — IUZ p2 (5)
k2
By using Colburn equation, the Nusselt number is given as, Hewitt, 1994:
hd
Th =0.023Re"® Pr% (6)

The pressure loss inside tubes of circular cross section or annulus passage in a shell and double
concentric tube heat exchangers is the sum of the friction loss within the tubes and the turn losses
between the passes of the exchanger.

LN P,
AP, =[4f2d—p+4ij% (7)

h

and the friction factor in annulus passages used in this calculations is:

f,=0.316Re %% For 2300 <Re <10° (8)
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Overall heat transfer coefficient U1, between the fluid in the shell side and fluid in the annulus
passage is given as, Bougriou, 2008
Uy, = : d
12_DZ D2|D1 1 ©)

+—2In=t
Dh, 2k, D, h,

The second overall heat transfer coefficient Uy; between the fluid in the annulus passage and
the fluid in the inner tube side, Bougriou, 2008

U 1
23~ (10)
dz +d72|nﬁ+i
dh, 2k, d, h,

w

5. RESULTS AND DISCAUTION
5.1 Effect of Nanofluid on Nusselt number

Nusselt number increased with increasing Reynold's number in turbulent conditions. This is due
to the high velocity and increase of the Brownian motion of nanoparticles (nano convection) and
this agrees with Om shank, 2012.

The new design of heat exchanger allows increasing the convection heat transfer due to the
activity of nanoparticles in the base fluid, the heat transfer rate will be higher resulting in
increasing the Nusselt number as shown in Figs. 2 and 3. These figures show different
concentrations for aluminum oxide. They show that Nusselt number increased with increasing
inlet oil temperatures (85, 75, 65, 55) °C at a constant flow rate of nanofluid of 45 (I/min) of
different oil flow rate of (30, 40, 50) I/min.

The results showed that y. Al,O3 of a concentration of 0.004% volume has the highest value of
Nusselt number at different flow rates of nanofluids (15, 25, 35, 45) (I/min) and constant flow
rates of oil with 50 (I/min) and temperature of 85 °C than the base fluid as shown in Fig. 4. This
is in agreement with Sudarmadji, 2014.

5.2 Overall heat transfer coefficient

The heat transfer coefficient was enhanced by increasing the cold nanofluid flow rates at
constant hot oil flow rate as shown in Fig. 5 and 6 for the Uy, and U3 at temperature of 85°C
which is in agreement with Reza, 2014.

For 0.004% by volume of (y-Al,O3), higher heat transfer coefficients U;,&U-3 were encountered.
These results are also higher than that of base fluid as can be seen from Figs. 7 and 8. This could
be due to that y-Al,O3 has larger surface area. For overall heat transfer coefficient between the
annulus and inner tubes U,s, higher values than that of U;, of alumina nanoparticles of 0.004
volume % were encountered, for different hot oil rates (30, 40, and 50) I/min at temperature of
85°C with different flow rates of nanofluids. The highest value was at flow rate of 50 I/min of
hot oil as shown in Figs. 9 and 10, where the thermal conductivity of alumina is higher than that
of thermal conductivity of base fluid. The overall heat transfer coefficients of both U, and U,3
of nanofluids are higher than that of the heat transfer coefficient of the base fluid (water) and
these increased about 25% for U, and 43% for the U3 as shown in Figs.9 and 10.
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5.3 Effect of Nanofluids on Pressure Drop

The pressure drop increased as flow rate of fluids increased. Also the pressure drop increased
when concentration of nanofluids increased too. Fig. 11 is in agreement with results given by as
in Amani, 2014. This increment was slightly higher than the pressure of base fluid because of
low concentration used of the nanofluid.

6. CONCLUSIONS

Nusselt number increased with the increase in Reynold's number, this is because of the higher
velocity of nanofluids and the increasing in Brownian motion of nanoparticles. Nusselt number
increased for y-Al,O3 nanoparticles of 0.004% volume concentration by 79.5% for y-Al,Os/water
relative to base fluid. Overall heat transfer coefficient of nanofluids had increased as
concentrations of y-Al,O3 nanoparticles increased. This increase for overall heat transfer between
shell and annulus tubes is represented by U;, which was 23.6% for y-Al,Os/water relative to base
fluid, while for that between the annulus tubes and the inner tubes represented by U,; had
increased by 34% for y-Al,Os/water relative to base fluid. The pressure drop of nanofluids was
slightly higher than that of base fluid. This is due to the low concentration of nanoparticles in the
base fluids and this means no pumping power increased in the process.
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NOMENCLATURE
Symbol Description Units
Ac cross sectional area of the tube in conventional heat m?
exchanger
Co specific heat J/kg.K
D diameter of the annulus tube (first bundle) in heat m
exchanger
d diameter of the inner tube (second bundle) in new m
heat exchanger
dn hydraulic diameter of the annulus in the new heat m
exchanger
f friction factor -
h heat transfer coefficient W/ m?.K
k thermal conductivity W/m.”C
L length of the heat exchanger m
m mass flow rate Kg/min
Nu nusselt number hd
Nu=—
k
Np number of tubes by pass -
N¢ total number of the tubes -
Pr prandtle number 5 HCp
f(=—
k
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Re reynolds number
T temperature
U overall heat transfer coefficient
u fluid velocity
Greek Symbols
Units Description Symbol
AT temperature difference °C
p density kg/m?*
U dynamic viscosity kg/m.s
AP pressure drop Pa
Subscript
Symbols Description
oil (shell side)
water (annulus side)
oil (inner tube side)
12 shell and annulus
23 annulus and inner tube
f base fluid
nf nanofluid
t tube side
o nanoparticle
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Figure 1. Experimental Rig of Process.
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Figure 2. Nusselt number against Reynold at different inlet oil temperature and

constant nanofluids flow rate 45 (I/min) for y. Al,O3 of 0.002 % concentration.
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Figure 3. Nusselt number against Reynold at different inlet oil temperature and constant
nanofluids flow rate 45 (I/min) for y. Al,O3 of 0.004 % concentration.
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Figure 4. Nusselt number against flow rate of fluids with different concentration

at constant flow rate of oil 50 (I/min) and 85°C.
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Figure 5.0verall heat transfer coefficient U;, against flow rate of y-Al,O3 nanofluid

at different flow rates of oil at 85 °C and 0.002% concentration y-Al,Os.
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Figure 6. Overall heat transfer coefficient U,z against flow rate of y-Al,O3 nanofluid

at different flow rates of oil at 85 °C and 0.002% concentration y-Al,Os.
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Figure 7.0verall heat transfer coefficient U;, against flow rate of y-Al,O3 nanofluids

at different flow rates of oil at 85 °C and 0.004% concentration of y-Al,0s.
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Figure 8. Overall heat transfer coefficient U,z against flow rate of y-Al,O3 nanofluid

at different flow rates of oil at 85 °C and 0.004% concentration of y-Al,O3.
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Figure 9. Comparison between nanoparticles dispersed in water for

different concentration at 50 (I/min) of hot oil at 85°C.
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Figure 10. Comparison between nanoparticles dispersed in water for different

concentration at 50 (I/min) of hot oil of U,z at 85°C.
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Figure 11. Pressure drop against fluid flow rate at temperature 85°C and oil flow rate

of 50 I/min and different nanofluid concentration and materials.
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ABSTRACT

This paper describes the application of consensus optimization for Wireless Sensor Network
(WSN) system. Consensus algorithm is usually conducted within a certain number of iterations
for a given graph topology. Nevertheless, the best Number of Iterations (NOI) to reach
consensus is varied in accordance with any change in number of nodes or other parameters of
graph topology. As a result, a time consuming trial and error procedure will necessary be applied
to obtain best NOI. The implementation of an intelligent optimization can effectively help to get
the optimal NOI. The performance of the consensus algorithm has considerably been improved
by the inclusion of Particle Swarm Optimization (PSO). As a case study, variable number of
nodes in a network with a random graph topology has been considered. Simulation results show
that significant reduction in the NOI and power consumption has been achieved, where it
decreased the NOI about 40 iteration; when using PSO for different number of nodes in the
specified network.

Key words: consensus algorithm (CA), wireless sensor network (WSN), graph topology, particle
swarm optimization (PSO).
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1. INTRODUCTION

The sensor network system plays an important role in many military and civilian areas,
including area monitoring, health care monitoring, environmental/earth sensing, forest fire
detection, and so forth. The main task of sensor network is to measure some environmental
parameters such as temperature, moisture degree, pressure, and so on. Network elements (i.e.
nodes) measure such parameter independently and the final value is usually obtained in a
centralized or decentralized network. In these cases it is often preferred to use the Wireless
Sensor (WS) for the forfeit of hardware infrastructures connecting. WS is often containing a
transducer, a processing unit, a wireless radio transceiver and a power supply. WS measures
certain aspects of the environment. The data is then processed in processing unit and setd to a
centralized network; or in a decentralized network, Akyildiz, et al., 2002.

The most prominent challenge to design a Wireless Sensor Network (WSN) is how to extend
the life of the wireless sensor through the preservation of energy expended, Bhardwaj, et al.,
2001. Wireless Sensor (WS) has small-sized batteries which are costly. An agreement is required
on the sensing parameters in a sensory network agreement algorithm and protocol between
nodes. An agreement algorithm must be as uncomplicated as possible and lead the nodes to agree
as fast as possible, Scutari, et al., 2008.

Distributed consensus algorithm can be used to reach agreement in WSN where it computes
the average of an initial set of measurements. The calculation of the average value is done
through local information exchange among neighbors. The speed of consensus algorithm to
reach the average depends on the states of each sensor. This is important role for energetic
reasons to have a smaller number of transmissions among the sensors. Accordingly, the
convergence time, that leads to lower energetic cost for each sensor should be reduced,
Giridhar, and Kumar, 2005.

Early research on consensus algorithm focuses on fixed topologies, Scherber, and
Papadopoulos, 2004, where the communication links and the nodes in network are assumed
constant throughout time. Study of the consensus algorithm with random network had been
presented in, Xiao, and Boyd, 2006. The authors proposed pair wise gossip defined as that
"every two neighbored nodes can be updating their states at each iteration and so on then all
nodes reaches to the consensus value". This approach acts slowly since it requires storing all data
after each iteration. Additionally, large memory is needed.

Xiao, and Boyd, 2004, Boyd, et al., 2004, proposed another approach to change the weight of
each edge between sensors that it's required to apply the consensus algorithm. The aim is to find
optimal weights to decrease the convergence time. The algorithm had been treated as linear
iteration. For large sensor networks, the application of this approach may be unfeasible, since a
new topology has to be acquired after each change in the communication between sensors under
given computational constraints.

For large scale graph a “random rewiring” method is proposed by Olfati, and Shamma,
2005, in order to increase the convergence speed in consensus algorithm. However, physically in
some applications changing the topology may be difficult.

Another area of recent studies are related to lifetime of sensors; Sun, et al., 2011, suggests
changing the weights of graph dependent on Euclidian area by using special algorithm called
Weighted Dynamic Topology Control (WDTC) algorithm. This algorithm is more complex and
does not regard to the performance of network.

Moreover, Junghun Ryu, et al., 2013 used Borel Cayley graphs to minimize the distance
between WS in network that’s will lead increase the number of edge between nodes. While in
Jianping, et al., 2003, the authors depended on the base station of nodes to increase the lifetime
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of wireless sensor by using optimal base station location based on computational geometry.
Unfortunately, this arrangement had been used in the case of a fixed network in specified area.

In one hand, PSO algorithm is utilized in different optimization problems. On the other hand,
it shows superiority at handling optimization problems with network design spaces Junghun
Ryu, et al., 2013.

The PSO allows for the efficient optimization of complex design spaces and can reach an
acceptable optimum solution even when noise and discontinuities exist within the design space.
Because of these characteristics, PSO algorithms can be integrated into the optimization
framework. The principal idea behind the current effort is to propose a fast, reliable and robust
optimization framework that can search for optimal parameters of consensus algorithm for
different number of nodes, Hyunseok, et al., 2013.

In this paper, strategies of graph theory are applied to model random WSN. Furthermore, the
consensus algorithm is implemented to reduce the power consumption. The convergence speed
of CA is analyzed and optimized through utilizing powerful optimization method. As a result it
increases the capability of the WSN system to speed up the reaching of the goal. Therefore, it
reduces the overall energy consumption of a WSN. Therefore, in this paper convergence time
should be reduced to eliminate the energy losses. Moreover, fixed topologies in previous work
should be considered and perform the algorithm for random networks.

This paper is organized as follows: Section Il presents the problem formulation, Section I11
shows the Consensus in WSN while in section IV the integration between PSO with the
consensus algorithm was presented and finally, some conclusions are drawn in Section V.

2. THEORITICAL BACKGROUND
In this section, some basic definitions and notation used in this paper will be presented.

A. The difference between centralized and decentralized

In centralized network sensory, sensors must send their measurement to complex model
called fusion center (FC). FC takes the measurement of WSN and makes the final decision. In
this type of network it is required an organized set of nodes under medium access control (MAC)
and routing protocols require sending the data to the FC, when a sensor fails in network or added
to network the re-organization of the MAC and routing protocols is necessary, Giridhar, and
Kumar, 2006.

In decentralized WSN the data process without sending it to the FC and reach decisions
locally each sensor can be considering as FC, sensors can organize them and communicated
locally. In decentralized networks most requirement of a WSN can be satisfied and can provide
reliable results, Rabbat, and Nowak, 2004.

B. Spectral Graph Theory

In this section, the properties and some definitions that need of spectral graph theory will be
reviewed.
Assume a network with N nodes called vertices and communication lines between them called
edges, the graph topology can be represent as G{V,E} in which the vertices V=(1,...,N) and the
edges E € VxV, Silvana, 2012.
There are two types that define the flow state between nodes; directed graph if the direction
given otherwise undirected graph when there is no direction between nodes.
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Definition 1:
The adjacency matrix A of G represents the communication between each node with its
neighbors
. 1 lf el-jEE
4y = {0 if else ()

a;j Represent the entries of adjacency matrix.
e;j Represent edge between node i and

Definition 2:
The in-degree term of G represent the number of incoming states to the nodes from its neighbors

di"* = % aj )
Definition 3:
The out-degree term of G represent the number of outgoing states to the nodes

di* = ¥V a; 3)
Definition 4:
The degree matrix is the matrix which its entries are equivalent to the row totals of the adjacency
matrix

_(di¥if i=j
Dij = {0 if else “)
Definition 5:

The Laplacian matrix L is equivalent to the difference between D matrix and A matrix
L=D-A4A (5)

C. Graph theory topologies

There are different models of graphs in graph theory. The most usual topologies in graphs can
be seen in Fig. 1
A Ring network: in this network each node has only two neighbors called a 2-regular graph in
which the spatial distribution looks like a circle.
A lattice network: in this network the external node has two neighbors while the internal node
has four neighbors in which the spatial distribution looks like a 2D grid.
A small-world network: in this model most of the nodes are not neighbors of other nodes. The
nodes connect with each other by established random connection between vertices of nodes,
Alan, and Desmond, 2009.
A scale-free network: according to a power law the number of nodes in this model is
distributed. This model is very useful for use in internet. A number of nodes in this network can
be in the millions, Guido, 2007.
A random geometric network: contains a set of nodes that’s distributed randomly in 2D area. In
this model each node is connected with each other if the distance of Euclidean is less than a set
of radius, Penrose, 2003. This network is used in this paper. Each node is placed in uniformly at
random in the unit area, as shown in Fig. 2. Each node has (x, y) coordinates for some stated
radius, R, nodes (i, j) are connected if and only if the following equation is specified, Alan, and
Desmond, 2009:
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(xi = xj)z — (i - 3’1)2 <r? (6)
D. Consensus Algorithm

A Consensus Algorithm is an iterative scheme where its purpose is that each node in wireless
sensor network should reach to the same value such as the average from the initial values,
Kenyeres, et al., 2015.

In consensus algorithm no need to pass the information to the central point, the information
of each node are exchanged on a local basis by the nodes with each repetition, so that the value
interested should reach in asymptotically way, for example, let’s have a network with N-nodes
and each node has a scalar value represented by X;, that defined the state of each node i. The
state of measurement sets which are update repeatedly depended on the information that’s got
from its neighbors. Node i and j achieve consensus if X; = X;, Xiao, and Boyd, 2004.

The common function to calculate the average of initial measurement is:

a=N"1YN. X:(0) (7

All nodes have a local variable X;(0) at time 0. This equation will be the goal of each node in
network however each node should calculate its neighbor's state and update its state variable
according to consensus algorithm, where the state of the graph model is given in this paper.

xi(k+1)= x; + EZjeNi(xj (k) — x;(k)) (8)

This equation is discrete consensus algorithm, Kenyeres, et al., 2011. It updates the state of
node dependent on the collect neighbor's state, the nodes must agree on the same parameter of

€ € (%) where A is number of degree out in the network dependent on the graph theory
connection and e is so-called mixing parameter, Fagnani, and Zampieri, 2008.

3. DESIGN OF NETWORKING SCENARIO

The network scenario design and simulation prototype is presented while the results obtained
are discussed as well in this section.

Consider that there are N wireless sensors placed in a unit area randomly, each node exchange
the consensus information with set of neighbors and by using undirected graph can provide
scalability networking scenario within area denoted by radius R, as will be explained later.

A static network of WSN modeled by unidirectional graph theory G (V, E) is considered,
while the degree in and the degree out of the node are equal which is known as balanced
undirected graph.

Each sensor in network has initially local state x; € R where i the number of nodes. In this
paper a state is chosen randomly as shown in Fig. 3. The initial states for 20 nodes were chosen
randomly by function rand in MATLAB.

Through using average consensus algorithm that’s run in discrete time Eq.(8), the nodes will
collect their neighbor's states and update their state depending on the neighbors states to reach to
the consensus value. Each round of the operation states update is called iteration. The more
reduction of required iterations to reach the goal the maintaining of energy for WSNs will be
greater.
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4. SIMULATION RESULTS
The implementations of the consensus network will be discussed in the following subsections:

A. Average Consensus Performance

Discrete consensus program has been developed using MATLAB. As an example, if there are
20 nodes, each node of network runs in discrete consensus algorithm receiving inputs from their
neighbors and update its state at each round until reach to the consensus state. Applying
consensus algorithm and their effects on the states of nodes and how each state reach to the
consensus value is shown in Fig. 4. Fig. 5 shows the states after applying the consensus
algorithm and each state equals to the consensus value.

According to discrete consensus algorithm each node reaches to the consensus value after
large number of iterations which require more power for wireless sensor to consensus with each
other.

The number of iterations or the convergence time is affected by parameter € in Eq (8). It's

usually selected as a constant according to € € (%), Olfati-Saber, et al., 2007.
In this paper e is assumed to be:

e=® ©)

Where S is selected as a variable real number between 0 and 1 such that it affects the
convergence time. For example, when 8 = 0.1 it will require more than 50 iterations to reach to
the consensus value, as can be seen in Fig. 4. Accordingly more energy will be spent for each
WSN.

Through assuming a constant number of nodes (i.e. 20 nodes), Fig. 6 shows the inverse
relationship between the number of iterations and 8 where increasing S results in decreasing the
number of iterations required in order to reach a consensus value. It's clear that when f = 0.9, it
will need only 2 iterations to reach the consensus value, as shown in Fig. 7.

Meanwhile increasing the number of nodes will require a different value of 3.

If there are 100 nodes with different initial states. For § = 0.1 it needs more than 75 iterations to
reach all nodes to the consensus value as shown in Fig. 8.
B. Integration of PSO method with the consensus algorithm

As seen in the results of previous section, when using different number of nodes the value of
B should be changed to reach the goal with least number of iterations. That's will need to change
the whole topology of the network which is difficult and time consuming since it needs to define
new set of number of nodes and select new suitable value for g in order to affect the
convergence time, Silvana, 2012.

The need to a technique that automatically makes changes in the value of g without changing
the whole topology of network is very important. By applying a suitable optimization method the
value of g is initialized randomly and then changed automatically and proportionally to the
number of WSNs in networks. The optimization method takes into account the number of nodes
in network and search for an optimal value of g which affect the convergence time in order to
reach the required consensus value for all WSNSs.

PSO is a newly invented high-performance optimizer that achieves several highly desirable
features, together with the fact that the basic algorithm is very easy to understand and implement.
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It has been applied to a diverse number of applications including neural network training and
nonlinear systems. PSO is like GAs and other evolutionary algorithms, but it requires less
computational memory and fewer lines of code. The PSO conducts its optimization search using
a population of particles which correspond to individuals in GAs, where each particle has a
specific velocity vector and a position vector to represent a possible solution Ahmed, et al.,
2011.

Particle swarm optimization (PSO) is characterized by simplicity, efficiency and effectiveness.
PSO is heuristic global optimization method and all particles in the swarm are used in a global
fitness function, so that the speed of mutation calculation is so fast. PSO is robust to achieve the
solution in data aggregation problems, Olfati, et al., 2007.

There are three choices for particle in evaluation; the first choice is to insist on itself as
optimum solution, the second choice is to move toward the optimum solution itself while each
particle remembers its own personal best position that it has found which is called local best, the
third choice is to move to the best solution which the population is met. Each particle knows the
best position found by other particle in the swarm, which is called global best. The PSO make
compromises among these three choices. The PSO update its velocity for each particle through
using the local best position (Lpest) and the global best position (Gpest) by, Syed, and Sumitha,
2014, Lin, and Hong, 2007.

Vi(k + 1) =w* Vi(k) T @Qq *Ty * (Lbest - Xi(k)) T @y ¥ Ty ¥ (Gbest - Xi(k)) (10)
Where:

Vi:particle velocity

X;(k): current particle postion
k:pointer of iteration

w : weight of inertia

@, and @, : inertia constant
1, and 1, : the random number in the rang [0, 1]

Each particle changes its position dependent on the velocity update according to the following
equation, Lin, and Hong, 2007:

Xi(k+1)=X;(k)+Vi(k+ 1) (11)

In this paper PSO is utilized to choose optimal value of parameter S to be suitable for all
numbers of nodes in WSN. For example, given a predefined network of 20 and 100 nodes
modeled by random undirected graph, given the PSO parameters, as shown in Table 1, through
many experiments on the implementation of PSO algorithm to improve the consensus
performance. The value of Table 1 had been selected, three scenarios have been used for the
performance evaluation, each scenario has different number of nodes 20, 100 and 150, as shown
in Table 2 where the performances of the WSNs before and after inclusion of PSO are presented.

Fig. 9 shows the complete algorithm for the integrated consensus algorithm with the PSO
technique. Moreover, a comparison between the proposed work and previous works shows the
superiority of the proposed work in saving the energy of the nodes in the network through
reducing the required number of iterations as shown in Table 3.
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5. CONCLUSIONS

This paper presents the implementation of PSO algorithm to enhance the performance of
consensus wireless sensors controlled system. First, graph theory was used to model a random
wireless network system. Then, consensus algorithm had been adopted to reach certain value.
The required number of iterations to reach consensus had been minimized using PSO algorithm.
Different number of nodes had been tested to build different graphs. Simulation experiments had
been conducted . Simulation experiments were conducted using MATLAB environment.
Saving of energy consumption for WSNs has been realized by 67% improvement compared to
stand alone consensus algorithm and finally the results shows a significant reduction in the
required number of iterations to reach consensus value.
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Table 3. A comparison between the proposed work and previous work.

References Network topology Number of Nodes Number of iterations
Proposed work random 150 3
(Scherber &

Papadopoulos, 2004) random 200 130
(Chen, Tron, Terzis,
& Vidal, 2010) random 10 24
(Chen, Tron, Terzis, .
& Vidal, 2011) fixed 10 62
(Rajagopal & .
Wainwright, 2011) Ce 150 e
(J. Kenyeres &
Kenyeres, 2011) random 10 2
(M. Kenyeres,
Kenyeres, & Skorpil, fixed 24 14
2015)

) Lattice topology Scale-free topology Small-w:)rld topology

Ring topology

Figure 1. Different graph theory topologies, Silvana, 2012.
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Figure 3. Random initial states for 20 nodes.
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Figure 5. States of nodes after applying discrete consensus algorithm.
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ABSTRACT

Finite element method is the most widely numerical technique used in engineering field.

Through the study of behavior of concrete material properties, various concrete constitutive laws
and failure criteria have been developed to model the behavior of concrete. A feature of the Finite
Element program (ATENA) is used in this study to model the behavior of UHPC corbel under
concentrated load only. The Finite Element (FE) model is followed by verification against
experimental results. Some variable effects on the shear capacity of the UHPC corbels are also

demonstrated in a parametric study.

A proposed design equation of shear strength of UHPC corbel was presented and checked with

numerical results.
Keywords: Ultra high performance concrete, corbel, numerical analysis, design equation.

eligl Alle Ailu Al CAIliSH Badsall jualinl) 48, oy Julal)

3153 daal i Al G
e e Qe
G ) Sl Aaaladlocle LY 5 o Liall dinia ad Ao o il Raaladlo il LasY 5 oLl Aia and
ALaMAY

Calid e Alu A al & Capeat Al 50 DA (e duigl) Jlae 8 LEEY) dad o) daoaal) (5 lall (e saaaall pealiall 44 )l
A oo Al adiiad) aasall pealiall (ald el Al Al o jeat dadail oy gh 28 Jall AaSlall gl @)
Aaleall lia smilly ) ) 8 38 Baaaall pualindl Jo ga el Lot 5 3S ja 858 i3 g 3oLl Agllal) Al jadl 50le (e & siacaall
Uslae & siie gl 3 23 56l Ale Dl A1) (ge de siaal) CSU o) Ao slia Lo 5 igal) &l urial) Gy Gl 33iia)
(gaaall bl il e A Jlia g Aum e 23 8oL dlle Al jAl) CSH padll da slid dyasana

Aaaraat dalea QRS Mcéﬁbﬂ\yﬁa‘:c@b 38 Culd Al HA :M‘)j\ clalsly

1. INTRODUCTION

Ultra-high-performance concrete (UHPC) is a new type of concrete that is being developed by
agencies concerned with infrastructure protection. UHPC is characterized by being a steel fiber-
reinforced cement composite material with compressive strengths in excess of 150 MPa, up to and
possibly exceeding 250 MPa. UHPC is also characterized by its constituent material make-up:
typically fine-grained sand, silica fume, small steel fibers, and special blends of high-strength
Portland cement. Note that there is no coarse aggregate. The production types of UHPC used in
constructing the UHPC corbels are produced by Kassel University/ Germany namely M3Q has a
compressive strength around 200 MPa and a tensile strength ranges from 4 to 12 MPa depending on

fiber content.

Corbels are structural members very commonly used in reinforced concrete structures and
particularly in precast structures where their principal function is the transfer of the vertical and

horizontal forces to principal members.
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Corbels are structural members characterized by shear span-depth ratio (a/d) generally less than
unity and subjected to concentrated forces as in the support zones.
The main objective of this study is:

e Present a numerical model for UHPC corbels subjected to concentrated force using finite
element analysis for further parametric study.

e Highlighting the role of the parameters that influence the performance of UHPC corbels
including geometric dimensions effect, influence of reinforcement ratio, influence of tensile
strength, and shear span-depth ratio effect.

e Present design equation for predicting the shear strength of UHPC corbel.

2. FINITE ELEMENTS ANALYSIS

Finite element analysis is a numerical technique used by engineers to find solution for different
problems. Fundamental assumption of the method states, that the domain can be divided into smaller
regions in which the equations can be solved. By assembling the solution for each region, the
behavior of all structure can be described. The region can be divided into finite number of elements
and these elements connected by nodes.

ATENA software program were used for the numerical modeling in this study, Cervenka, 2009. In
ATENA, 3D isoparametric element with 20 nodes was used to represent the cantilevered concrete of
corbels, as shown in Fig. 1. Also, the same nodes were used to model the column which contact with
the cantilevered corbels. Each node has three degrees of freedom.

3. MATERAL MODELING

The material model takes into consideration the UHPC strain softening after both cracking and
crushing. The experimental test results of cylinders, prisms and reinforcement bars taken from Al-
Quraishi, 2014 were used in the Finite Element Analysis (FEA).

The results of Finite element analysis largely depend on material model and exterior boundary
conditions. Compression behavior in hardening and softening, fracture of concrete in tension based
on nonlinear fracture mechanics, compressive strength reduction after tension cracking, tension
stress deterioration due to compression cracking, shear retention factor, crack models and modeling
of tension reinforcement were included in the material models.

Only a half of the corbel was symmetrically modeled for numerical analysis. Due to nonlinear
material behavior, redistribution of internal forces was taken into account after each displacement
increment to satisfy deformations compatibility and forces equilibrium.

In ATENA, the material model CC3NonLinCementitious2User was chosen to simulate the UHPC,
allowing user to define new laws for the material behavior. This model consists of combined
fracture-plastic constitutive model. Rankine failure criterion with a fixed crack model was used to
simulate the tension behavior of concrete. The Menétrey-Willam failure surface was used to model
the compression behavior of concrete. In Menétrey-Willam, the position of failure surface is not
fixed, but can be moved along the hydrostatic axis simulating hardening and softening stages,
Cervenka, 2009.

The test results of direct tensile test of prisms taken from Al-Quraishi, 2014 are used in the
numerical analysis to simulate the tensile-displacement behavior in tension. The displacement was
normalized with the characteristics length which is equal to the projection length of finite element
mesh according to ATENA to get the stress-strain relationship, as shown in Fig. 2.

The shear stiffness or shear modulus of concrete reduced after cracking. Across the cracks, the
dowel action of steel bars contributes to the shear stiffness. The factors affecting shear stiffness are
crack width and reinforcement ratio, whereas to include these effects, appropriate value of shear
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modulus (G) must be used. Appropriate shear stiffness softening after cracking for UHPC according
to Fehling and Ismail, 2012 was used in this study, as shown in Fig. 3.

The experimental compressive strength of cylinder from Al-Quraishi, 2014 was adopted in the
material model to simulate the compression behavior after converting the stress-displacement
relationship to stress-strain relationship by dividing the displacement over characteristics length
which is equal to 20cm (length of concrete cylinder), as shown in Fig. 4.

In the case of corbel under concentrated load, a realistic modeling of reinforced concrete needs to
consider a corbel subjected to multiaxial stress state, not uniaxial. The compressive strength of
concrete can substantially decrease in relation to the compressive strength of cylinder by the
transverse of tension cracking. The reduction of compressive strength of UHPC after tension
cracking is done in similar way as in Fehling et al., 2008, as shown in Fig. 5.

The tensile strength of concrete can also substantially decrease in relation to uniaxial tensile strength
by increasing transverse compressive stress in relation to compressive stress of cylinder according to
work of Jirgen et al., 2008, as shown in Fig. 6.

The steel reinforcement is modeled by bilinear stress-strain relationship with hardening as shown in
Fig. 7.

In FEA of reinforced concrete structures, two approaches have been employed for crack modeling
namely discrete cracks at element nodes and smeared crack within the element with fixed or variable
directions, a smeared crack model was adopted. The load was increased by deformation control in
steps with the iterative solver of standard Newton-Raphson method.

4. GEOMETRIC MODELING OF CORBEL

The corbels taken from Al-Quraishi 2015 were simply supported along two edges and subjected to
concentrated load at the center of the column. Fig. 8 shows the overall dimensions of tested corbels.
Table 1 shows the properties of the tested UHPC corbels C1-p1.2 and C2-Ref by Al-Quraishi, 2015
in which, the first column represents the name of the corbel, f. represents the compressive strength
of concrete, f, means tensile strength of concrete, a/d means shear span to depth ratio, dpsr iS the
diameter of tension reinforcement bar, p is the reinforcement ratio, fy is the yield stress of tension
reinforcement

Due to symmetry, a half of the corbel was modeled for simplification in FEA. The load was applied
on the corbel by a deformation control through steel plate with a deformation step of 7E-05 m.

The corbel zone was discretized with tetrahedral element within the cantilevering area. The same
discretized were used in the column area; Fig. 9 represents the model geometry used.

Due to the boundary conditions of the experimental tests, edges of the corbels are free to lift
upwards. Spring surface elements with stiffness zero in tension and actual test setup stiffness in
compression were used under the steel plate.

5. NUMERICAL ANALYSIS OF C2-Ref AND C1-p1.2 CORBEL

To verify the validity and accuracy of the adopted numerical model (geometrical and material
model), and to check the ability of the constitutive model to simulate the behavior of UHPC corbel
under vertical load only; the numerical result was compared with the experimental result for the
reference corbel C2-Ref (corbel with 0.48% reinforcement ratio) and C1- p1.2 (corbel with 1.2%
reinforcement ratio) tested by the Al-Quraishi, 2015. Through the ultimate shear capacity, the ratio
of numerical to the experimental result is 0.94 and 1.02 for C2-Ref and C1- p1.2 corbel respectively,
which shows a good prediction of adopted model. From Fig. 10 and 11, the stiffness of experimental
load-deflection curved is higher than the numerical load-deflection curve. Also, the numerical
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results show more nonlinear behavior before the maximum load in comparison with the
experimental results.

6. PARAMETRIC ANALYSIS

A very good prediction of numerical model to the shear strength capacity of UHPC corbel leads to
study the factors effect on corbel shear strength through a parametric analysis. This parametric
analysis helps to get more tests results that could not make it at the lab due to high cost of UHPC
material. The properties of UHPC corbel (C2-Ref) is used as the reference in this parametric
analysis.

6.1 Influence of Tensile Strength of Concrete

The tensile strength of UHPC corbel depends mainly on the steel fiber content. The specimen C2-
Ref was taken as reference to study the influence of tensile strength (f)) on UHPC corbel shear
strength. By keeping other variables constant, decrease the tensile strength from 3.9 (0.5% steel fiber
content) to 1 MPa (0.1% steel fiber content), the shear strength was decrease from 303 kN to 148.8
kN. While, when the tensile strength increases from 3.9 (0.5% steel fiber content) to 14 MPa (2.5%
steel fiber content), the shear strength increases from 303 kN to 616 kN (see Table 2). Fig. 12
shows the load-deflection curve for different tensile strength of concrete. Also, shear strength of
corbel increases with tensile strength as the 0.54 power function (see Fig. 13). The increase of shear
strength of the corbel due to tensile strength increase was expectedly, because concrete shear
strength of corbel represented by tensile resistance along the critical section.

6.2 Shear Span-Depth Ratio

Shear span-depth ratio is very important factor on shear strength of corbel, by which the corbel
failure transferred from flexural to shear when the shear span-depth ratio decreased. As already
pointed, the reference corbel C2-Ref has shear span-depth ratio (a/d) equal to 0.5, by increase the a/d
ratio to 0.9, the shear capacity decreased from 303 kN to 142 kN. While, by decreasing the a/d ratio
to 0.1, the corbel shear capacity increase from 303 kN to 1303 kN (see Table 2). Fig. 14 shows the
load-deflection curve for different shear span-depth ratio. Fig. 15 shows shear strength of the corbel
decreases with the power function of 0.98 with shear span-depth ratio increased.

6.3 Influence of Reinforcement Ratio

The influence of tension reinforcement ratio on shear strength of corbels had been studied by
increasing the reinforcement ratio of C2-Ref corbel from 0.47% to 2.5%. By increasing the
reinforcement ratio from 0.47% to 2.5%, the shear strength increased from 303 kN to 1038 kN (see
Table 1). The load-deflection curve for different reinforcement ratio is shown in Fig. 16. It is shown
in Fig. 17 that the shear strength of the corbels has approximately 0.74 power functions with
reinforcement ratio increased.

6.4 Geometric Dimensions Effect

The shear capacity of corbel not only depends on properties of the material but also depends on
geometrical dimension of the corbels, i.e. the depth and width of the corbel. The reference corbel
(C2-Ref) has a width of 150 mm and depth of 250 mm (b.d=33000). To study this effect a new
geometrical dimension of corbels were tested using ATEN. The width of the corbel ranged from 50
mm to 250mm and effective depth ranged from 120 mm to 320 mm. Decreasing the width and depth
of the corbel to 50mm and 120mm respectively, decreases the shear strength of the corbel to 86.6
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kN. While, increasing the width and depth to 250mm and 320 mm respectively, increases the shear
strength of corbel to 589.3 kN (see Table 2). Fig. 18 shows the load-deflection curve for different
dimensions b and d. Fig.19 shows the behavior influence function of geometric dimensions on the
shear capacity of the UHPC corbel.

7. PROPOSED DESIGN EQUATION

The ultimate load capacity of the corbel depends on properties of the material, geometry of the
corbel and position of the applied vertical load from the support. Furthermore, the presence of a
horizontal load also has significant effect on the corbel’s vertical load carrying capacity. The best fit
expression for estimating the load-carrying capacities of corbels (without stirrups) subjected to
vertical load only, which was based on a statistical analysis of numerical results is presented here.
The general form of expression has the following form:

V=K1 (b.d)"* (f)*® (a/d)** (As/b.d)® ...... (1)

Where:

V is the nominal shear capacity of the corbel, K; through Ksare constant, b. d are the corbel width
and effective depth, f; is the tensile strength of concrete, a/d is the shear span-depth ratio, and As is
the area of tension reinforcement.

The coefficient K1=0.44 is obtained from regression analysis. K2=0.74, K3=0.54, K4=0.98, and
K5=0.74 are obtained from influence function of each factor in parametric analysis.

So, the final form of the corbel shear capacity is:

V=0.44 [(b.d)>"* (136/(a/d)*® ) (f)*** (As/b.d)*™] ...... )

From Fig. 20 and Table 2, comparison between the numerical shear strength of UHPC corbel (from
ATENA) and proposal shear strength of corbel (from Equation 2), shows the two sets of values are
in satisfactory agreement. The standard deviation for (Vnumerical / Vproposar) 1S 0.05 and R?=0.98.

8. CONCLUSIONS

Through the material and geometrical finite element modeling of UHPC corbel, some of factors
affecting the shear strength of UHPC corbels were presented in parametric study to propose design
equation of shear strength of UHPC corbel under concentrated load. The proposed design equation
shows good prediction for shear strength of UHPC corbel in comparison with the 66 numerical
results presented in this study. This equation is shown to be applicable for a wide range of
parametric variations; ranging between 1 MPa to 14 MPa in tensile strength of UHPC, from 0.1% to
2.5% steel fiber content, from 0.1 to 0.9 in shear span-depth ratio, from 0.47 to 2.5 in reinforcement
ratio and from 6000 to 80000 in geometric dimensions (b.d).
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Table 1: Characteristics of tested corbels from reference [6]

Concr | f, fie fiber E Apar P f,
Corbel -ete | (MPa) | (MPa) | a/d content | (MPa) | (mm) | (%) | (MPa)
type (%)

Cl-p1.2 | UHPC | 198.5 4.0 0.5 0.5 49024 | 105 1.2 560

C2-Ref | UHPC | 198.9 3.9 0.5 0.5 49050 | 105 | 0.48 560

Table 2: Numerical and proposal shear loads of UHPC corbel

No.of f; b.d reinf.ratio fc' Vnumerical Vproposal VproposaI/
Corbel | (MPa)| a/d (mm?) (%) (MPa) (KN) (KN) V numerical
1 1 0.5 33000 0.47 198.5 148.80 | 148.95 1.00
2 2 0.5 33000 0.47 198.5 | 21457 | 216.57 1.00
3 3 0.5 33000 0.47 198.5 | 266.88 | 269.58 1.01
4 3.9 0.5 33000 0.47 198.5 | 310.20 | 310.62 1.00
9) 4 0.5 33000 0.47 198.5 | 311.56 | 314.89 1.01
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6 5 0.5 33000 0.47 198.5 351.31 355.22 1.01
7 6 0.5 33000 0.47 198.5 | 387.53 | 391.97 1.01
8 7 0.5 33000 0.47 1985 | 421.04 | 425.99 1.01
9 8 0.5 33000 0.47 198.5 452.41 457.84 1.01
10 9 0.5 33000 0.47 198.5 | 482.01 | 487.91 1.01
11 10 0.5 33000 0.47 198.5 510.13 516.48 1.01
12 11 0.5 33000 0.47 198.5 | 536.98 | 543.75 1.01
13 12 0.5 33000 0.47 198.5 562.72 569.91 1.01
14 13 0.5 33000 0.47 198.5 | 587.48 | 595.09 1.01
15 14 0.5 33000 0.47 198.5 616.20 | 619.38 1.00
16 39 | 0.1 33000 0.47 198.5 | 1303.31 | 1503.90 1.15
17 3.9 0.2 33000 0.47 198.5 660.29 762.44 1.15
18 3.9 0.3 33000 0.47 198.5 | 443.6 512.43 1.15
19 39 | 04 33000 0.47 198.5 | 33452 | 386.54 1.15
20 3.9 0.5 33000 0.47 198.5 268.75 310.61 1.15
21 3.9 0.6 33000 0.47 198.5 224.74 259.79 1.15
22 3.9 0.7 33000 0.47 198.5 193.2 223.36 1.15
23 3.9 0.8 33000 0.47 198.5 169.47 195.97 1.15
24 39 | 0.9 33000 0.47 198.5 | 150.98 | 174.60 1.15
25 3.9 0.5 6000 0.47 198.5 86.67 87.97 1.01
26 3.9 0.5 7800 0.47 198.5 105.25 106.82 1.01
27 3.9 0.5 9800 0.47 198.5 124.61 126.48 1.01
28 3.9 0.5 12000 0.47 198.5 144.76 146.93 1.01
29 3.9 0.5 14400 0.47 198.5 165.67 168.15 1.01
30 3.9 0.5 17000 0.47 198.5 187.33 190.13 1.01
31 3.9 0.5 19800 0.47 198.5 209.7 212.84 1.01
32 3.9 0.5 22800 0.47 198.5 232.78 236.26 1.01
33 39 | 05 26000 0.47 198.5 | 256.54 | 260.38 1.01
34 3.9 0.5 29400 0.47 198.5 280.96 285.17 1.01
35 39 | 05 33000 0.47 198.5 | 306.03 | 310.61 1.01
36 39 | 05 36800 0.47 198.5 | 331.74 | 336.70 1.01
37 3.9 0.5 40800 0.47 198.5 358.06 363.42 1.01
38 39 | 05 45000 0.47 198.5 | 384.99 | 390.75 1.01

No.of fi b.d reinf.ratio fe Vnumerical Vproposal VPFOP053|/

Corbel | (MPa)| a/d (mmz) (%) (MPa) (KN) (KN) V humerical
39 3.9 0.5 49400 0.47 198.5 | 4125 418.68 1.01
40 3.9 0.5 54000 0.47 198.5 | 440.6 447.19 1.01
41 3.9 0.5 58800 0.47 198.5 | 469.26 | 476.28 1.01
42 3.9 0.5 63800 0.47 198.5 | 498.47 505.93 1.01
43 39 | 05 69000 0.47 198.5 | 528.23 | 536.13 1.01
44 3.9 0.5 74400 0.47 198.5 558.52 566.88 1.01
45 39 | 05 80000 0.47 198.5 | 589.33 | 598.15 1.01
46 3.9 0.5 33000 0.47 198.5 303.2 310.61 1.02
47 3.9 0.5 33000 0.6 198.5 372.35 372.14 0.99
48 3.9 0.5 33000 0.7 1985 | 4174 417.10 0.99
49 39 | 05 33000 0.8 198.5 | 460.8 460.42 0.99
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50 39 | 05 33000 0.9 198.5 | 502.82 | 502.36 0.99
51 39 | 05 33000 1 198.5 | 543.65 | 543.09 0.99
52 39 | 05 33000 1.1 198.5 | 583.42 | 582.78 0.99
53 39 | 05 33000 1.2 198.5 | 659.1 621.54 0.94
54 39 | 05 33000 1.3 1985 | 660.29 | 659.46 0.99
55 39 | 05 33000 1.4 1985 | 697.56 | 696.64 0.99
56 39 | 05 33000 1.5 1985 | 734.15 | 733.13 0.99
57 39 | 05 33000 1.6 1985 | 770.1 768.99 0.99
58 39 | 05 33000 1.7 198.5 | 805.48 | 804.28 0.99
59 39 | 05 33000 1.8 198.5 | 840.33 | 839.03 0.99
60 39 | 05 33000 1.9 198.5 | 874.67 | 873.28 0.99
61 39 | 05 33000 2 198.5 | 908.55 | 907.06 0.99
62 39 | 05 33000 2.1 1985 | 942.1 940.41 0.99
63 39 | 05 33000 2.2 1985 | 975.03 | 973.34 0.99
64 39 | 05 33000 2.3 198.5 | 1007.68 | 1005.89 0.99
65 39 | 05 33000 2.4 198.5 | 1039.96 | 1038.08 0.99
66 39 | 05 33000 2.5 198.,5 | 1038.1 | 1069.92 1.03
13 9 1
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ABSTRACT

The thermal performance of three solar collectors with 3, 6 mm holes and without
perforation absorber plate was experimentally assessed. The experimental tests were implemented in
Baghdad during January and February 2017. Five values of airflow rates range between 0.01 — 0.1
m?>/s were used through the test with a constant airflow rate during the test day. The variation of the
following parameters was recorded every 15 minutes air temperature difference, useful energy,
absorber plate temperature, and collector efficiency. The experimental data reported that the number
of absorber plate perforations with a small diameters is more efficient than increasing the hole
diameters of the absorber plate with decreasing the perforation numbers. The maximum air
temperature difference throughout the solar collector with 3, 6 mm perforations and without
perforations were 17, 15, and 12 °C, respectively. Also, it can be conclude that the energy gained
from the solar collector with 3 mm perforation absorber Elate is 28.2 % higher than the energy
gained from solar collector without holes per day for 0.1 m®/s airflow rate. The maximum values of
the thermal performance curves were 67 %, 64 %, and 56 % for the solar collector with 3, 6 mm,
and without perforations, respectively.

Key words: Energy analysis, solar collector, perforated absorber plate, thermal performance.
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1. INTRODUCTION

One of the weather features in Iraq is the clear sunny sky days for most year days. It
encourages exploiting the solar energy and using it in different applications. The solar heaters are
the devices that represent the best and simplest use of solar energy. It absorbs the solar radiation
falling on the absorbent surface and then transfer the heat to the inside air of the solar collector. The
hot air is used for different purposes such as heating buildings, agricultural drying and paper
products Joudi and Dhaidan 2001. Zomorrodian and Barati 2010, investigated the effect of
single glass cover of solar air collector with aluminum absorber perforated plate. They studied the
effect of porosity of the plate absorber and the rate of airflow on the efficiency of the heater. They
found that a maximum thermal efficiency of 84% was achieved for the most part of the porous
absorber plate at the highest air mass flow rate.

Different ways were used by researchers to improve the thermal efficiency of the solar air
heater. Lizica et al. 2014 used good thermal insulation, cover with high permeability, and the use of
high absorbency materials to enhance the thermal efficiency. The performance of solar heater
affected by the turbulent flow generated as a result of the obstacles of fixed fins on the absorber
board compared with the same solar heater without fins were implemented by Pakadaman et al.
2011. They concluded that the existence of the fins increasing the temperature of the absorber plate
temperature whereas increasing the thermal exchange rates between it and the inside air compare to
the same heater but without fins. The effect of artificial roughness (fins, baffles and ribs) attached at
the absorber plate on the convective heat transfer between it and the working fluid were presented
by Gawande et al. 2014 and Singh et al. 2014. Thereby, the thermal efficiency will be increased as
the turbulent convective heat transfer increases.

The use of matrix solar collector has more advantages than the traditional flat plate solar

collector. Many researchers have studied the thermal performance of matrix solar air heater
theoretically and experimentally Rajarajeswari and Sreekumar 2016. Xu et al. 2007 studied
numerically the effect of wire screen meshes on the thermal efficiency. They concluded that the
thermal efficiency enhanced because of the improvement in the convective heat transfer. Ramani et
al. 2010 studied experimentally the effect of using double pass solar air heater with a porous
material on the thermal efficiency. Clearly, the thermal performance was increased by 25 % as it
compared with double pass solar air heater without porous material. In general, the uses of a
matrix material as an absorber plate or a packed bed in the airflow duct produces a turbulent
flow leads to improve the convective heat transfer. Thereby, there is a percentage
improvement in the thermal efficiency of the matrix solar collector as compared to
traditional type.

In this study, three solar air heaters with different absorber plate will be constructed and
installed with the same dimensions. The first heater will contains a flat absorber plate while the
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second and third heaters will contain a perforated absorber plate with a different diameter. The study
aim to identify the efficiency of the best heater among this group and determine the factors affecting
this efficiency. Also, the effect of the perforated absorber plate on the pressure drop across the
heater.

2. EXPERIMENTAL WORK

Three outdoor single glass cover solar collector was designed and installed according to the
outlines states in ASHRAE recommendations 1977. These collectors were assembled from an
available local material. The experimental rigs composed of a centrifugal blower, glass cover,
absorber plate, connection diffusers, and insulation on the sides and bottom. A wood frame was used
to combine these components as shown in Fig.1. Each collector 120 cm (length) x 50 cm (width) x
21 cm (height) as shown in Fig. 2. An ordinary glass cover with 4 mm thickness was used. Three
different absorber plate of 1 mm galvanized steel which were used in the study are shown in Fig. 3.
The first plate was without perforations; the second and third plates were perforated with circular
holes (3 and 6 mm) respectively.

Hourly solar radiation data was taken from the Iragi meteorological organization and
seismology. Absorber plate, air inlet, and air outlet temperatures of solar air heater were recorded
every 900 s intervals using twenty-two integrated circuit sensors DS18B20, which has an accuracy
of + 0.5 °C over a range of - 55 to 125 °C. These integrated circuit sensors were coupled to a USB
DAQ model ARDUINO MEGA 2560 device with 54 flexible input/output channels. Seven sensors
were manipulated to measure the temperature of the absorber plate, inlet air, and outlet air for each
solar air heater. One sensor was handled to measure the ambient temperature. Measurement of air
flow rate was accomplished through a multi-function measurement instrument for air-conditioning,
ventilation and indoor air quality manufactured by testo company, Lenzkrich, Germany, model 435.
A handheld Extech HD350 Pitot Tube Anemometer and Differential Manometer made by Extech
company, Nashua, USA, were used to compute the pressure drop through the solar air heater.

The experimental rig was installed in Baghdad (33 °N, 44 °E) with a tilted angle of 45°. The
experimental work was implemented in winter 2017. Experimental data was recorded from 9 AM to
4 PM. Five values of airflow rate were used through the solar air heaters ranging between 0.01 — 0.1
m?>/s. A constant airflow rate was used during the day for each test. A mean value of air flow rate
uses was calculated from six measurements across the solar air heater outlet. The density variation
was treated by ideal gas law to compute the mass flow rate from solar air heater.

3. THERMAL ANALYSIS

In steady state, the performance of a solar air collector is described by an energy balance that
indicates the distribution of incident solar energy into useful energy gain, thermal losses, and optical
losses. The absorbed energy (S) by an absorber plate is equal to the difference between the incident
solar radiation and the optical losses. The thermal energy lost from the collector to the surroundings
by conduction, convection, and infrared radiation can be represented as the product of a heat transfer
coefficient U times the difference between the mean absorber plate temperature Tpm and the
ambient temperature T, Duffie and Beckman 2013.

The amount of solar energy incident on the heater is:
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Qi = 1A, 1)
While the total losses energy from the collector are equall to the losses from the absorber plate, rear
plate and from the sides of the collector then we can callculated the total energy losses from the

equation below:
QL= ULAC(Tp - Ta) (2)

In steady state, the useful energy output of a collector of area Ac is the difference between the

absorbed solar radiation and the thermal loss Struckmann 2008.

Qu=0;—Q,=Ac[S - UL(Tp - Ta)] 3)
Where S is the absorbed energy by absorber plate, which is written as;
S =a,t.l 4

The basic method of measuring collector performance is to expose the operating collector to
solar radiation and measure the fluid inlet and outlet temperatures and the fluid flow rate Duffie and

Beckman 2013. Then the useful energy gain is :

Qu = mcp(Tfo - Tfi) )

Thermal efficiency of the solar collector is defined as the ratio of the useful gain over some
specified time-period to the incident solar energy over the same time-period Duffie and Beckman
2013.

—
n=1, (6)

4. RESULTS AND DISSCUSION

The testing work of the thermal performance of the three solar air heaters were occurred
outdoor for the period between January and February 2017. The experiment day starts from 8:30
AM and ends at 4:00 PM. A constant air flow rate was used for each test. Five values of air flow rate
were taken in this study ranging between 0.01 to 0.1 m®/s.

The solar irradiance data collected by the Iragi meteorological organization and seismology
for experimental days is presented in Fig. 4. These data are measured for 45 ° tilted surface and clear
sky day. Clearly, the maximum value of solar radiation intensity was 960 W/m? occurred at the solar
noon. In addition, the variation of ambient temperature that measured locally is also shown in Fig. 4.
It is obvious; the ambient temperature is ranged between 10 to 19 °C during the experimental work.
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Fig. 5 shows the variation of the absorber plate temperature for the three collectors with the time of
day at 0.01 m%s flow rate. It seems that the behavior of the absorber plate temperature with time
look like the behavior of solar irradiance with time as it is reported by Joudi and Dhaidan 2001
and Farhan 2017. The maximum value of the absorber plate temperature without perforation, 3
mm, and 6 mm perforation are 67, 50, and 34 °C, respectively. It is clear that the airflow across the
perforated absorber plate reduces its temperature when it compares with the absorber plate without
perforations. The temperature of the 3 mm perforated plate is higher than the temperature of the 6
mm perforated plate because of the different diameter and pitch for the holes. Also, the effect of
airflow rate on the absorber plate temperature.

Hourly variation of the measured outlet air temperature for two different airflow rate 0.01 and
0.1 m%s is illustrated in Figs. 6 and 7. It is clear that the outlet air temperature increases with time
till it reaches the maximum value at solar noon, then its decreases gradually when the value of solar
irradiance decreases. The highest value of the outlet air temperature for solar collector without
perforation, 3 mm perforation and 6 mm perforation are 26, 32, and 30 °C, respectively as shown in
Fig. 6. A low value of airflow rate and small holes diameter make the convective heat transfer
between the airflow and the absorber plate more efficient, which is explained why the solar collector
with 3 mm perforation has maximum outlet air temperature. It can be conclude that increases the
number of absorber plate holes with a small diameter is more efficient than increasing the hole
diameter of the absorber plate with decreasing the perforation numbers. This conclusion is agree
with the result obtained by Zomorrodian and Barati 2010.

A comparison between the maximum air temperature differences throughout the three
collectors for various airflow rates is shown in Fig. 8. It can be conclude that the value of the air
temperature difference across the collector depends strongly on the value of used airflow rate. The
air temperature difference is proportional inversely with the value of airflow rate. Maximum air
temperature difference throughout the solar collector with 3, 6 mm perforations and without
perforations are 17, 15, and 12 °C, respectively. Based on the result presented in Fig. 8 and
according to the maximum air temperature difference throughout the collectors, it concludes that the
solar collector with 3 mm perforation was more active than the other two collectors. This behavior is
due to the turbulent flow accomplished by the small holes thereby, the convective heat transfer
between absorber plate and the airflow is increasing. Also, the solar collector with perforation
absorber plate has a larger contact area with the airflow due to the flow direction as shown in Fig.
2b, i.e. more heat transfer rate to the working fluid.

Distribution of the useful energy gained from the solar collector of 3 mm perforation absorber
plate with time for different airflow rates is presented in Fig. 9. The energy obtained from the solar
collector was proportional directly with the values of airflow rate. The useful energy rises with time
from 9 a.m. to the solar noon due to the increasing in solar irradiance. After solar noon, it begins to
reduce because of the decreasing in the solar irradiance. A comparison between the useful energy
gained from solar collector with 3, 6 mm perforation and without perforation for 0.1 m®s airflow
rate is plotted in Fig. 10. It can be seen that the maximum values of the useful energy are 703, 622
and 481 W, respectively. The reason beyond the higher value of useful energy obtained from the
solar collector with 3 mm perforation absorber plate is mentioned in the discussion of Fig. 8. It can
be conclude that the energy gained from the solar collector with 3 mm perforation absorber plate is
28.2 % more than the energy gained from solar collector without holes per day for 0.1 m%s airflow
rate.
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The thermal efficiency of a solar collector is expressed as the ratio of the useful energy gained
in a given period to the solar irradiance during the same period Duffie and Beckman 2013. A
comparison between the thermal performance curves for the three collectors in winter season is
shown in Fig. 11. These curves are obtained from working data for clear sky days in winter. The
scatter in experimental data points is due to the varying in operating conditions as it is reported by
Farhan 2017. In addition, changes in wind velocity during the test time. Some extreme points have
been omitted so as not to affect the curves behavior. The values of intersection points of thermal
performance curves with the y-axes are 0.67, 0.64, and 0.56 for the solar collector with 3, 6 mm, and
without perforations, respectively. The following equations represent the curves values illustrated in
Fig. 11:

n=0.67 - 11.15 Lot )
_ (Tfo=Tri)

n =064 — 1222 LU )

n = 056 — 15.40 Lo~ (9)

I

These constants appear in the above equations are within normal values for similar solar collectors.
Equations 7 — 9 are valid for airflow rate ranging between 0.01 — 0.1 m*/s and ambient temperature
not exceed 20 °C.

The Variation of static pressure drop as a function of the airflow rates for the three solar
collectors is plotted in Fig. 12. It can be seen that the increases in the airflow rate lead to increase in
the static pressure drop as expected. Clearly, the collector with 3 mm perforation has the larger
value of pressure drop due to the small holes diameter thereby, the velocity is increasing which
makes the existence of turbulence is dominant.

5. CONCLUSIONS

Three solar collectors with 3, 6 mm holes, and without perforation absorber plate were
fabricated and investigated for different airflow rates in January and February 2017 in Baghdad,
Irag. The experimental data reported that the airflow across the perforated absorber plate reduces its
temperature when it compares with the absorber plate without perforations. It can be conclude that
increases the number of absorber plate holes with a small diameter is more efficient rather than
increasing the hole diameter of the absorber plate with decreasing the perforation numbers. The
maximum air temperature difference throughout the solar collector with 3, 6 mm perforations and
without perforations were 17, 15, and 12 °C, respectively. Also, it can be concluded that the energy
gained from the solar collector with 3 mm perforation absorber plate is 28.2 % more than the energy
gained from solar collector without holes per day for 0.1 m*/s airflow rate. The maximum values of
the thermal performance curves are 0.67, 0.64, and 0.56 for the solar collector with 3, 6 mm, and
without perforations, respectively. The value of pressure drop through the collector of absorber plate
with 3 mm holes is greater than its value through the collector without perforation absorber plate by
five times at constant air flow rate.
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NOMENCLATURE

Ac area of the solar collector, m?

Cp specific heat of air at constant pressure, J/kg K
I solar irradiance, W/m?

m air mass flow rate, kg/s

Qi incident solar energy incident, W
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total losses energy, W
useful energy, W
ambient temperature, °C
inlet air temperature, °C
outlet air temperature, °C

absorber plate temperature, °C
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overall heat transfer coefficient, W/m? . K

plate absorptance, dimensionless.
glass transmittance, dimensionless.
instantaneous efficiency, %

-

v

o
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Figure 1. Photograph of the experimental rig.
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Figure 3. Types of the absorber plates.
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Figure 4. Variation of solar irradiance and ambient temperature with time for clear sky day in
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Figure 5. Hourly variation of the measured plate temperature with time for 0.01 m*/s airflow rate.
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Figure 6. Distribution of the measured outlet air temperature with time for 0.01 m%s airflow rate.

25

—8—-3 mm perforation —A—6 mm perforation —&—Without perforation

N
o

Otulet Temerature (°C)

9 10 11 12 13 14 15 16
Time (hr)

Figure 7. Distribution of the measured outlet air temperature with time for 0.1 m*/s airflow rate.
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Figure 8. Maximum air temperature difference across the solar collector for different airflow rates.
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Figure 9. Distribution of the useful energy gained from solar collector of 3 mm perforation absorber
plate with time for different airflow rates.
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Figure 11. Operational efficiency curves for the three solar air heaters.
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The Phenomenon of Division and Modification of The Individual Houses in

Baghdad after 2003
Amna Basim Mohamed Salih Ghada Al- silq
Professor
College of Engineering - Unvirsity of Baghdad College of Engineering - University of Baghdad
ABSTRACT

T he Research deals with the negative phenomena which appeared in the urban scenes of the Iraqi
cities after 2003, particularly trespassing the architectural design of the urban Individual houses.
Many academic researchers , critics, and cultural circles, drawn attention to the impact of political
and cultural variable change on such phenomena without detailed analysis .
The research problem is set according to central questions : If the phenomena is the trespass , what
are the sides which are being trespassed in the division of the individual house? , If the diagnosis of
the phenomena denotes perceived repetition of the cases , So what's size of this transposes on the
architectural design of the individual house? , and what are its connections socially and
economically ? The research problem diagnosis by: The lack of knowledge about the impact of the
phenomena of trespassing on the architectural design of the individual house specifically?.
The research target is to explain the range of the spreading of trespass in these houses with
objective , social , economical investigation, Then clarify the phenomena's impact on the
architectural design of individual house in Baghdad.
The theoretical frame is built to extract the research indicators ( economic, social and design)
theoretically , then enhance them with the study of the development of the urban house in Baghdad
along the 20th century. The indicators were applied on (12) samples were distributed on (2)
residential districts, (Palestine Street, AL- Sadr City) which they are various in the residential areas
and they different in the social and economic level of the their dwelling, and their houses have
modifications and divisions, then find its impact on the designing level of the individual house in
Baghdad after 2003.
The results showed that both districts in Baghdad houses have this kind of illegal division and (non
efficient , non functional relationship and some of them non ventilation) , the spread of the
phenomenon reflects that there are special details in the methods of division and the modification of
the houses ,That_should be a widely reviewed to get to limit this Regulations in precedent
phenomena and regain the residential cultural of the city.
Keywords: Division and modification, individual house, The phenomena of trespass ,
Baghdad, after 2003.
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Advertising Technology and Visual Attraction of Cities Centers
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University of Baghdad - College of Engineering University of Baghdad - College of Engineering
inaam.bazzaz@yahoo.com hanandiaa2002@yahoo.com
ABSTRACT

Advertising technology represents a component of elements of the visual attraction in the urban
scape, made its way transmission process of messages between the ends of the source of
information (sender) and the Destination information (receiver) of the final recipient of the
message, It serves as a social marked and a means of cultural expression, It is part of the
inalienable in creating identity and determine the spatial relationships and also is a reflection of
urban culture to the community. This technology has become an increasing feature of the present
era, characterized as the era of the three revolutions: (the information revolution, the technology
revolution, and the media revolution), Where it became an integral part of the visual system
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surrounding of urban our environment in which we live,, And it worked to change the
contemporary urban experience through the attraction and love to stay and stimulating social
interactions within a decade and urban spaces that contain the contemporary urban forms, and
this is what it will focus the research.
The research’s problem is determined by :there is no clear perception about the definition of
advertisement technology and its impact on the urban scape of the city centers according the
concept of visual attraction.
And clarify the goal of research in : Definition advertising technology and determine the most
important aspects and indicators according the concept of visual attraction of the city centers. To
achieve this goal was adopted the following approach: building a conceptual framework for
technology advertising through definition of the basic concepts of research and review the
historical development of it within the framework of the urban scape, and then a study of the
most important intellectual concepts associated represented by (communication theory) and built
in investigating this technology (communication channel) aims to deliver a message or
information from the sender to the receiver, and then a review of the most important spaces of
the approved city centers on advertising technology in its design in the light of the theoretical
framework found in the research.
The research found the conclusions of the group summed up in the idea: that technology
advertising is part of the urban scape of the centers of contemporary cities, aims to active urban
spaces and create tourist landmarks and attractors elements ,It works to attract the attention of
the public and increase understanding and awareness levels, in addition to its positive role in
enhancing the image of the urban scape through several mechanisms: attractions characteristics
by achieving factor: : (spatial dimension - dynamics content that is (interactively or expressions),
and functional attract (marketing- tourist- social) and depending on a number of effects which :(
effects of consumer culture, influences social, economic effects).
Key words: Urban Screens , Media Facades ,Visual Attraction.
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Optimal Indicators to Select the Engineering Consultancy Office
For Higher Education Institutions in Iraq
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ABSTRACT

Expansion the engineering consultancy offices in the universities of Irag, about (14)
offices, leading to increas the competition between them, especially after the great
trends of Iragi government agencies to use the academic experiences and their
efficiencies in general, due to non-existence of the engineering qualification in the
government institutions to do the engineering designs ,supervision of projects and
other engineering works which are practicing by the engineering consultancy offices
in order to get the best performance of the work.Within this serious competition,
needing a specific approach to enable government agencies to choose the optimal and
alternative consultancy office to meet specific project and not rely on cronyism and
personal relationships that have become prevalent in Iraq and causing administrative
corruption, which will not achieve the owner requirements and thus will affect the
requirements needed in the project .

The researcher used the descriptive analysis to describe and evaluate the results of the
study using the sign test which is a non-parametric test, appropriate in ordinal data.
Decision makers can use the final results to select the suitable engineering office, it
can be regarded as an important database through the support of the basic criteria and
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subcriteria used in the analysis compiled by a researcher from the International and
Arab refernces as well as a realistic local criteria in Iraqg.
Key words: Contract, Engineering Consultancy Office, Indicators, Signe test.
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Urban agriculture as one of the ecological applications of the regenerative city
ABSTRACT

Recently, several concepts and expressions have emerged that have often preoccupied the world
around the concept of environment and sustainability. This is due to the negative and
irresponsible impact of man and his innovations in various industrial and technological fields
that have damaged the natural environment. Architecture and cities at the broader level are some
of the man made components that caused these negative impacts and in the same time affected
by them. What distinguishes architectural and urban projects is the consumption of large
quantities of natural resources and production larger amounts of waste and pollution, along the
life of these projects. At the end of the twentieth century and the beginning of the twenty-first
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century, the developed countries presented new concepts and methods that were not previously
familiar with the design and implementation of architectural projects to reflect the growing
interest in urban sectors issues to protect the environment and reduce consumption to reach the
optimal utilization of natural resources. This leads to develop a new term called the Regenerative
City. Here appeared the general research problem concerning the regenerative city and its
objectives and the special research problem concerning urban agriculture and its relationship
with the regenerative city, besides how urban agriculture will affect the city. The hypothesis of
the research is that urban agriculture in its various forms (horizontal or vertical) is an essential
and integral part of the regenerative city, and it will affect the city planning, this will require
including this usage in the city master plan as a new form of land use. The research aims to show
the possibilities of using urban agriculture in its different forms within the urban fabric.

Key Words: Regenerative city, Urban Ecology, Urban Farming
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