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Visual Continuity of Traditional Vocabulary in contemporary
urban Development Projects

Dr. Wahda Shuker Al-Hinkawi Nada Abdul Mueen Hassan
University of Technology University of Technology
Dep. Of Architecture Dep. Of Architecture
Inana-ar@yahoo.com nadaabdulmueen@ahoo.com
ABSTRACT:

The sustainability of the individual and society get great interest in contemporary studies,
Considering the rebuilding of the society cultural values as the most important goals, which
prompted many researchers to explore ways and social elements of sustainability and the most
important urban and architectural vocabulary achieving it, thus, the search will be directed
towards the human being within the social dimensions of sustainability, his belonging and
awareness of identity through the employment of local heritage in the contemporary product.

The literatures confirmed the continuity of heritage vocabulary in the contemporary product,
accordingly the research problem was defined as: "The visual continuity of the heritage
vocabulary in achieving social sustainability".

To deal with the research problem a theoretical framework was built for the concept of
continuity in general, and visual continuity, in particular, and the application of concluded
theoretical framework in a contemporary urban projects adopted the heritage vocabulary and
expressed sustainable social identity, the results of the analysis showed that the visual continuity
of traditional vocabulary achieved At highest level in the continuity of the surfaces organization
in terms of optical properties and elevations treatments, and the continuity of formal relations in
terms of scale and proportion, when ever the continuity of the local architectural style appears in
the heritage formal elements.

Key words: Visual Continuity, Heritage Vocabulary, Social Sustainability, contemporary
Urban Developments.
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ABSTRACT

A genetic algorithm model coupled with artificial neural network model was developed to find the
optimal values of upstream, downstream cutoff lengths, length of floor and length of downstream
protection required for a hydraulic structure. These were obtained for a given maximum difference
head, depth of impervious layer and degree of anisotropy. The objective function to be minimized
was the cost function with relative cost coefficients for the different dimensions obtained.
Constraints used were those that satisfy a factor of safety of 2 against uplift pressure failure and 3
against piping failure.

Different cases reaching 1200 were modeled and analyzed using geo-studio modeling, with
different values of input variables. The soil was considered homogeneous anisotropic. For each
case, the length of protection (L) and the volume of the superstructure (V) required to satisfy the
factors of safety mentioned above were calculated. These data were used to obtain an artificial
neural network model for estimating (L) and (V) for a given length of upstream cutoff (S1), length
of downstream cutoff (S2), head difference (H), length of floor (B), depth of impervious layer (D)
and degree of anisotropy (kx/ky).

A MatLAB code was written to perform a genetic algorithm optimization modeling using the
obtained ANN model .The obtained optimum solution for some selected cases were compared with
the Geo-studio modeling to find the length of protection required in the downstream side and
volume required for superstructure. Values estimated were found comparable to the obtained values
from the Genetic Algorithm model.

Key words: optimization, genetic algorithm, artificial neural networks, geo-Studio, uplift pressure, exit
gradient, factor of safety.
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Optimal Dimensions of Small Hydraulic Structure Cutoffs
using Coupled Genetic Algorithm and Ann Model

s A ey AKH Ay & L (s jaall will slagl o3 A Cangl) Al slad¥) e A il Gl 53 w3 il Ay
sl e 362 ais iyl e 5 slaa¥) ok aa (Jla¥) i lalaa ogd 3 saill b adiinsall Cilazaall Ll

G 5 Audlaie 4l lgie] &5 dadaill sda 3 Geo-studio gl aladiul Aa1200 ) Jaas @Yls sae dadal
aiodlel Ll Jliiall Gle¥) Cidlalaa (sl 4y slladll V eliiall aaa 5 L &laadl sk Gils o3 Qs JS0 oLV pa (3l
Pl B adaldll Gee (o Glara aill Vo5 L cluad paall GIKE #3500 Ll o3le ) GG Aalal) clitall aladiu)
5 (D) slaall 4l Bac ¢ (B)anza ¥ Jsk ¢(H)oasall 5 aciall o dal) (38 5 (S2) s sall 4 oblall See ¢(S1)
Al el 53 oYl e (Kx/ky) ookl A

i zasaill 138 aladinly oDle) 4l Ll daed) ClSud g3 sal adiieg 480 )5l Clinll 23 50l Matlab gl 2
Geo-studio gt aladiul Lede Jsanll o3 3 5 jlaliall milinlly (e jlie & 55 jlasall cVlall aed JieY) dall alay)
Ao e Cpad sadll il calS

Jalza ‘2\..\)33\ uu:; ey barall ¢ g0 gl ga daclihial¥) duasel)l GIEN danal) 4y ) &l s;\:ﬂ.msy\ 2\.4“,33)}\ LKl

1. INTRODUCTION

The most critical aspects that the designer of
hydraulic structures should take into account are
the failures due to uplift pressure and / or piping
phenomenon at the toe of the structure. Proper
factors of safety should be adopted for both

aspects.

In order to provide the required factors of safety
against both uplift pressure and piping due to exit
gradient, the designers usually provide cutoffs at
the upstream and the downstream sides of the
foundation of the hydraulic structures. The
upstream cutoffs in general decreases the uplift
pressure and exit gradient. However, they reduce
the uplift pressure in a rate more than that for the
exit gradient. In order to control the exit gradient, a
downstream cutoff should be provided, which has
direct effect on the exit gradient. The designer
should decide the depth of both cutoffs so as to
achieve the required factors of safety.

In order to have an additional control of piping
downstream of the structure, designers provide a
downstream protection just after the toe of the
foundation with a suitable length decided to

RS

provide the factor of safety against exit gradient
piping. This protection is usually provided as an
apron or a carefully designed filter, Al-Suhaili,
20009.

The designer faces the difficulty of deciding
the optimum depths required to control both uplift
pressure and piping failure. The decision variables
are the minimum depth required of both upstream
and downstream cutoffs, weight of the
superstructure required and length of the

downstream filter required.

Many researchers, Al-Suhaili et al., 1988 Al-
Suhaili,2009, Al-Fatlawy,2007, Khassaf et
al.,2009, Al Dury,1986, Ismail and Aziz,2005,
Ghobadian and Khodaei,2009, Shadravan et
al.,2004 , Griffiths and Fenton,1993 and1998,
and Haszpra et al.,2000, had studied the effect of
upstream or downstream cutoffs either on uplift
pressure on the foundation of the structure or on
the variation of exit gradient downstream of the
structure. The results were usually provided in a
form of dimensionless curves that can help in the

design process.



Number 2

Recently with the availability of a new era of
models that have been developed such as Artificial
Neural Network models and Genetic Algorithm
models, these techniques provide models for
designing hydraulic structures instead of the

dimensionless curves used before.

The objective of this research is to develop a model
to help designers in finding the optimum
dimensions of a hydraulic structure foundation
using a coupled Artificial Neural Network (ANN)
model and Genetic Algorithm (GA) techniques.

Al- Duri, 1986, had investigated the protection
at the downstream of hydraulic structures. Al-
Suhaili et al. 1988, had investigated exit gradient
variation downstream of hydraulic structures, using
the solution of Laplace equation by Schwrz-
Christoffel conformal mapping. Ilyinsky and
Kacimov, 1992, had investigated an analytical
estimation of ground-water flow around cutoff
walls and into interceptor trenches, developing
analytical solutions for different cases using
Schwarz-Christoffel transformation. Griffiths and
Fenton, 1993, had investigated the seepage
beneath water retaining structures found on
spatially random soil. Griffiths and Fenton, 1998,
had investigated a probabilistic analysis of exit
gradients due to steady seepage. Haszpra et al.
2000, had investigated seepage around structures
built into flood levees. Manna et al., 2003, had

2. THE OPTIMIZATION MODEL FORMULATION
of floor (B), depth of upstream cutoff (S1), depth
of downstream cutoff (S2), length of protection at

the downstream side against exit gradient (L) and

Volume 20 February 2014

Journal of Engineering

investigated the groundwater flow beneath a sheet
pile analyzed using six-node triangular finite
element method. Shadravan et al., 2004, had
investigated the cutoff wall analysis and design of
Karkheh storage dam. Ismail and Aziz, 2005, had
investigated the seepage analysis of Tushka
spillway barrages with stability analysis. Al-
Fatlawy, 2007, had investigated the seepage
analysis through soil foundation under dams.
Mukhopadhyay, 2008, had investigated the
seepage analysis through foundation using a finite
element model and flownet Seepage analysis.
Moellmann, et al.,, 2008, had investigated a
probabilistic ~ finite  element  analysis  of
embankment stability under transient seepage
conditions. Khassaf et al. 2009, had investigated
seepage underneath
foundation. Al-Suhaili, 2009, had investigated an

analysis Diyala  weir
analytical solution for exit gradient variation
downstream of inclined sheet pile. Ghobadian and
Khodaeik, 2009, had investigated the effects of
cutoff walls and drains on the uplift pressure and
exit gradient under hydraulic structures to prevent
piping phenomena. Goel and Pillai, 2010, had
investigated the wvariation of exit gradient
downstream of weirs on permeable foundations.
None of the above researches had used a coupled
model of Genetic Algorithm with ANN model;

hence in this research such model was used.

As previously mentioned, the most critical
design of a hydraulic structure is the foundation

design. The required for the design are the length
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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
S1, S2, B, and L for a given (H), (D) and (kx/ky).
It is better to select optimum dimensions; the
following objective function of such a problem

could be introduced.

Min. f(x) = C1S1+C2S2+C3V+C4L+C5B

Where: f(x) is the cost function that should be minimized.

Optimal Dimensions of Small Hydraulic Structure Cutoffs
using Coupled Genetic Algorithm and Ann Model

the volume of superstructure (V) for a given head
difference (H), depth of impervious layer (D) and
given soil properties underneath the structure,
vertical

horizontal ~ permeability kx, and

permeability ky. Fig. 1 shows these dimensions.

The values of (S1, S2, 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 (kx and ky). The most critical failures

that may occur for such structures are either due to

1)

C1, C2, C3, C4 and C5 are the relative cost of each dimension.

This function is subjected to:

F.0.S upiift = ed =2

uplift force

(2)

Where: F.0.sir is the factor of safety against uplift pressure,

V: volume of concrete of the superstructure, (L%

yc: Concrete weight density, (F/L?)

and the uplift force is estimated by integrating the uplift pressure curve along the base of the structure.

The other constraint is:

— =3

Where: icr is the critical exit gradient and = 1,

©)

i is the computed exit gradient at the downstream side of the structure.

Further constraints could be imposed on the selected dimensions such as:

Slhin. = 51 = S1 max
S2min. = 52 = S2 max.

Bmin. =EBE = B max.

(4)
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3. GEO-STUDIO MODEL

The problem under-study explained in the previous
section, is represented in the Geo-studio program
(GEOSTUDIO.2004.V6.02-LND). This program
was applied for 1200 case. For each case the
program solves the seepage equation of the steady-
state flow and anisotropic homogeneous soil using
the finite element technique. From the results of
the head distribution in the nodes, the required
volume of concrete (V) and the required length of
the downstream protection (L) are estimated such
that the constraints of Eqgs. (2) and (3) were

achieved respectively.

4. 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 S1,
S2, H, B, D and kx/ky as input variables.

In order to obtain this model, the SPSS
software (Statistical Procedure for Social Science,
version 19.0) was used. For application of this
software, six nodes were selected for the input
layer which represents the input variables (S1, S2,
H, B, D and kx/ky). Two nodes were selected for
the output layer which represents the output
variables (L and V). One hidden layer was selected
for simplicity. To build the ANN model, many
running trials were performed, in each one the
software parameters were changed as follows:

- Selection the division of the data into training,
testing, and validation sets.

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

- Testing the proper number of nodes in the hidden
layer.
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Fig. 2 shows the structure for one of the cases with
the discretization process. The elements used are
square and rectangular as shown, with four nodes
at the corners. This figure shows also the system of
both element and node numbering.

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.

- 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.

The applied data to the software were the
1200 cases used in the Geo-Studio program. 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.

Figs. 7- a and 7-b show the comparison
between 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.= 98.3% and
rv= 99.4% respectively. Table 6 shows the
comparison of the values of L and V estimated
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using both Geo-studio and ANN models, which

indicates the capability of the ANN model to

5- OPTIMIZATION USING GENETIC
ALGORITHM (GA) MODEL

The steps are used in the Genetic Algorithm
models are shown in the appendix:

A MatLAB code was written for the Genetic
Algorithm model using the Algorithm shown
above. In order to apply this model values for the
Genetic Algorithm, parameters were selected as

np = 100, pc = 0.8, pm = 0.2, ML = 0.1, S1min =
0.5m, S1max = 4m, S2min = 0.5m, S2max =
4m, Bmin = H, Bmax = 2.5H.

Sensitivity analysis was also done for each
parameter in order to find the effect of each one on
the results obtained by the model. It was found that
pc, pm and ML had little effect on the solution, and
the above selected values give stable solution.
Different values of np = 10, 20, 30, 40, 60, 80, 100
were tested and np = 100 gave the stable solution,
and upon increasing this value above 100, the same
solution was obtained. With these selected values,
the number of iteration where the software reached
the stable solution was found to be 2.

It is also worth to mention that the algorithm of
genetic model solution is robust, i.e., in each run
the results exhibit some changes among the output
results for the same input values. This is true
because the solution starts with random generation
of S1, S2 and B, moreover the crossing-over and
mutation selection is also randomly selected, and
in each run different random matrices of those
variables was generated. However, for each case
the values of S1, S2 and B that give the least value
of f(X) should be selected, however, the difference
between f(x) values is small.

In order to compare the values of the obtained
optimum solution using the Genetic Algorithm
model, with the values obtained using Geo-studio
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produce acceptable results.

model three cases were used as shown in Tables 7,
8and9.

Table 7 shows the results of using the Genetic
Algorithm model for case (A). The second run
solution was selected, since it gives the minimum
f(x) value. The obtained value of S1=3.97m,
S$2=0.86m and B=5.02m were then approximated
by S1=4.0m, S2=0.90m and B=5.0m respectively
to be used in a simulation of this case in Geo-
studio analysis for checking. This approximation
was done to make the discretization process in the
Geo-Studio modeling easy.

Table 8 shows the results of the use of Genetic
Algorithm model for case (B) where H was
increased to 10m and kx/ky to 4. The fifth run was
selected, since it gives the minimum f(x) value.
The obtained value of S1=3.58m, S2=0.61m and
B=10.13m were then approximated to S1=3.60m,
S2=0.60m and B=10.0m respectively to be used in
a simulation in Geo-studio analysis for checking.

Table 9 shows the results of the use of Genetic
Algorithm model for case (C) increasing kx/ky to
8. The third run solution was selected, since it
gives the minimum f(x) value. The obtained value
of S1=2.5687m, S2=0.82m and B=10.1396m were
then approximated by S1=2.50m, $2=0.80m and
B=10.0m respectively to be used in a simulation in
Geo-studio analysis for checking.

These cases were re-analyzed using the Geo-
studio model to find whether the obtained values of
L and V by the Genetic Algorithm is compared
with these obtained by the Geo-studio solution for
the same approximated values of S1, S2 and B, and
for the selected H, D and kx/ky values. The
comparison is shown in Table 10 which shows
good agreement.
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6. CONCLUSIONS

From the present work, the following

conclusions could be obtained:

1)

2)

The obtained artificial neural network
model, using depth of upstream cutoff
(S1), depth of downstream cutoff (S2),
head differences (H),
required (B), depth of impervious layer (D)

length of floor

and degree of anisotropy(kr = kx/ky) to
obtain values of the length of protection in
the downstream side (L) and volume
required for superstructure (V), that
satisfies the related constraints of safety
factors, is efficient with correlation
coefficients 98.3% and 99.4% respectively.
The required number of hidden nodes was

13 with one hidden layer.

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
studied.

solutions for the problem

Moreover, the generated population size

Volume 20 February 2014

3)

4)
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that gave the stable solution is not less than
100 and the required number of iterations

to reach this stable solution is 2.

The optimum solution obtained using the
genetic algorithm model is robust, i.e, each
run gave different solutions, 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 optimum solution obtained using the
genetic algorithm model for upstream
cutoff length (S1), downstream cutoff
length (S2) and length of floor required for
hydraulic ~ structure (B) with the
corresponding L and V values were
compared with the L and V values
obtained using geo-studio models and

found to be comparable.
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o Enter the maximum expected difference in head between upstream and downstream

sides (H in meters),

o Enter limits of floor length (B maximum in meters),
o Enter limits of floor length (B minimum in meters),
o Enter limits of maximum upstream cutoff length (S1max. in meter) < depth of

impervious layer (D),

e Enter limits of minimum upstream cutoff length (S1min.in meter),

e Enter limits of maximum downstream cutoff length (S2max. in meter),

e Enter limits of minimum downstream cutoff length (S2min. in meter), and
e Enter value of impervious layer depth (D in meter)

e Enter kr = kx / ky ratio of horizontal to vertical permeability.

2) Genetic Algorithm / population, cross-over, mutation parameters:
e Enter number of population solutions to be generated (np),

e Enter cross-over probability (pc),
e Enter mutation probability (pm),

e Enter mutation level (ML), and
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o Enter number of iterations to be performing (ni).

3) Genetic Algorithm objective function parameter input:
e Minimize f(x) = C1S1+C2S2+C3V+C4L+C5B, 5)
e Enter (C1) as the percent cost for S1,
o Enter (C2) as the percent cost for S2,
o Enter (C3) as the percent cost for V,
e Enter (C4) as the percent cost for L, and
e Enter (C5) as the percent cost for B.
4) Generate (np) random S1 values between Sl and Slq,
Slmin S Sl S Slmax
5) Generate (np) random S2 values between S2,,« and S2pin
SZmin S Sz S Szmax
6) Generate (np) random B values between By.x and Bpin

Bmin < B < Bmax

7) Find number of couples to be cross-over (NOCC)

NOCC = | ==| (6)

8) Generate a matrix (randomly) between (1 and np) with (8*NOCC) elements.
9) Make cross-over, odd element with the near even element.

10) Make new populations,
New Population = (np + 8*NOCC) (7)

11) Find S1, S2 and B for a mentioned new population, find the values of (Land V) from the ANN
program and then calculate the value of f(x) from equation (4.1).

12) Sort values in ascending order and kill (remove) the last (8*NOCC) cases.

13) Find number of persons to be muted (NOPM),

NOPM = pm * np (8)

14) Generate a matrix randomly (number of 1 to np) with elements (NOPM * number of input
variables)

15) Make mutation accordingly; find NOPM persons using (£ ML).

10
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16) Add to population in step (11) or
[np +NOPM(+ML) + NOPM(-ML)]

17) Find f(x) for them, sort in ascending order, and kill (remove) last (2*NOPM) cases.

18) Go to make another iteration, go back to step (8).

Imprevious Layer

Figure 1. Schematic representation of the problem under study.

11
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Table 1. Results obtained for L and V using the Geo-studio models.

S1 (m) S2 (m) L (m)

1 1
1 1.5
1 2
1 2.5
1 3
1 3.5
1 4
1.5 1
1.5 1.5
1.5 2
1.5 3
1.5 3.5
1.5 4
2 0.5
2 1
2 1.5
2 2
2 2.5
2 3
2 3.5
2 4

2.65
2.72
2.66
2.46
2.11
1.23
0.00
2.40
2.48
241
1.76
0.39
0.00
1.98
2.18
2.26
2.18
1.92
1.42
0.00
0.00

V (m3)

105.701
116.696
125.408
134.658
142.067
149.912
156.281
97.891
108.809
117.593
134.736
142.972
149.701
82.774
92.711
103.441
112.177
121.698
129.495
137.967
144.931

Table 2. Data division selected for the ANN model.

ltem N %Total
output
Sample Training 960 80%
Testing 180 15.0%
Holdout 60 5.0%
Valid 1200 100%
Excluded 0
Total 1200

13
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Figure 4. Architecture of the artificial neural network model.
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Table 3. Bias and weight matrices for the ANN model.
Predicted
Hidden Layer 1 Output
. Laver
Predictor T T Tl T-T-T-T-T=TzTzlz1:1c¢
- Ly t - q] L= [~ ] & " - - " 2 2
slel=]=zlzlzl=]=1=zE|=z|=z|2|2]2%
i i - - bl bl - - - A A A A - -
~ P a ~ ~ - P - - ay ay ay ay - s
. (Bias) | -0.5% | 0.098 | -0.009 | 0427 | 0.084 | 0205 |-0045 | 1704 | 0105 | 1084 | 0216 | 2078 | 0.087
v VARDOOL | 0033 | 0101 | -00%2 | 0064 | 0.044 | 0112 |-0020 | 0062 | 0017 | 0219 | 0317 | 0004 | 0414
% VAROOO2 | -0005 | 025 | 0014 | 1134 | 0102 [ 0138 | -0.028 | 0038 | 0006 | 0511 | 1103 | D.086 | £.170
= VAROOD3 | 3285 | 0457 | 2824 | 0.072 | D577 |-1310 | 0160 | 1571 | 41462 | 0435 | 0.542 | 0573 | 0503
gwRooocl 0132 | 0442 | 4470 | 0422 | 0474 | 0028 | 2061 | 1930 | 2154 | 04% | 0125 | 0093 | 04%7
S VARDOOS | 0815 | 0300 | 1271 | 0400 | 0150 | 0756 | 0.365 | 0.085 | 0180 | -0270 | 0156 | 0.176 | 0.0%
T VAROODS | 57 | 043t | 0537 | 0089 | 1207 | 0373 | 2880 | 1057 | 3650 | 0342 | 0038 | 002 | 20%
(Bias) 0406 | 0711
H(1:) 027 | 4699
H(1:2) 0241 | 0039
H(13) 4083 | 614
5 H(1Y 279 | 0165
2 H(LS) 4513 | 0519
= H{1f 421 | 0742
5w ot | 1447
= H(13 0049 | 1821
= H(19 063 | 1578
H(1:10) 0882 | 0.389
H{1:11) 0604 | 102
H{1:12) 4403 | 0916
H{1:13) 2068 | 0238
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Figure 7- a. Comparison between predicted and observed values of ().
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Figure 7- b. Comparison between predicted and observed values of (v) using the ANN model.
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Table 6. Comparison of (L and V) values using Geo-studio and ANN Model.

v o 2 o [ @ =3 - >
> |24 9 >0 S > 8 o 8 o
7 8 T o o 3 F8EE T2 TZ 52 52
= s O ®§ 9 "< 8 < g > | g >

3E3f E2E2 E |E

S8 835 28 28 = |«
150 | 250 | 5 5 | 10 | 1 | 2867 | 133.238 | 2.836 | 138.876 | 1.08 | -4.23
300|300 625 | 5 | 10 | 2 | 1.498 | 152.259 | 157 | 158722 | -4.79 & -4.24
300 | 1.50 @ 8 5 | 10 | 4 | 2953 | 509.584 | 2.976 | 510.245 | -0.78 | -0.12
350 | 250 @ 8 5 | 10 | 4 |3.044| 551.282 | 3.160 | 537.973 | -3.82 | 2.41
250 | 250 | 125 | 5 | 10 | 8 | 1.19 | 14594 | 1.175 | 14653 | 1.28 | -0.41
200 150 | 5 | 75| 10 | 1 | 1.997 | 157.43 | 2.08 | 160.836 | -4.28 | -2.16
400 1.00 | 10 | 75 | 10 | 2 | 24 | 247.939 2379 | 256.261 | 0.87 | -3.35
150 | 250 | 10 | 7.5 | 10 | 2 | 3.755 | 332,517 | 3.706  340.982 | 1.32 | -2.54
150 | 200 | 10 | 75 | 10 | 4 | 1.895 | 325.049 | 1.903 | 329.873 | -0.42 | -1.48
150 | 200 125 | 75 10 | 8 | 1.17 | 26624 | 1.12 | 26457 | 415 063
275150 | 5 | 10 | 10 | 1 | 1.41 | 18815 | 136 | 181.91 | 3.37 | 3.32
2.00 | 050 | 5.00 | 10.0 | 10 | 1 | 1.36 | 17579 | 1.368 | 174367 | -0.59 | 0.1
400|200 | 15 | 10 | 10 | 4 | 2.46 | 471.00 2476 | 490.375 | -0.65 | -4.11
250 | 1.50 | 15 | 10 | 10 | 4 | 2.58 | 493.52 | 2.66 | 49824 | -3.07 | -0.96
200|300 | 30 | 10 | 10 = 8 | 1.413 | 141.755 | 1.350 | 136.985 | 4.44 | 3.36
400|250 | 30 | 10 | 10 & 8 | 1.22 | 117.834 | 1.253 | 124391 | -2.72 | -5.56
300|200 75 | 125 10 | 1 | 2.48 | 373.93 | 2.509 | 383.94 | -1.17 | -2.68
300 | 1.00 | 10 | 125 10 | 2 | 1.826 | 46525 | 1.886 | 468.02 | -3.29 | -0.60
1.00 | 200 | 10 |125| 10 | 4 | 1.12 | 547.143 | 1.19 | 533.47 | 623 | 2.5
200|250 | 20 | 125| 10 | 8 | 1.14 | 292.8 | 1.08 | 293.81 | 507 | -0.34
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Table 7. Optimum solution obtained using Genetic Algorithm model for case (A).

H=5m, D=10m, kx/ky = 1
Optimum solution obtained using Genetic Algorithm model

,Ffl‘f)” stm) | s2m) | B(m) | Lm) Vv (m) F(x)
1 3.5 0.908 5.57 1.88 106.93 23.79
2 3.97 0.8601 | 5.0267 | 1.8128 81.6163 18.7174
3 3.645 1.47 5.0 2.087 100.28 22.54
4 3.56 0.598 5.344 1.78 94.48 21.182
5 35 0.71 5.7 1.78 102.88 22.95

Table 8. Optimum Solution obtained using Genetic Algorithm model for case (B).

H=10m, D=10m, kx/ky = 4:

Optimum solution obtained using Genetic Algorithm model

Run

No. | ST | s2(m) [ B(m) | L(m) V (m®) F(X)
1 3.77 1.52 10.6 0.83 359.12 75.35
2 3.71 0.53 | 10.18 0.77 338.4 70.87
3 3.55 158 | 11.22 0.78 379.35 79.47
4 3.65 144 | 10.50 0.85 356.44 74.77
5 3.58 0.61 | 10.13 0.79 338.42 70.84

Table 9. Optimum solution obtained using Genetic Algorithm model for case (C).

H=10m, D=10m, kx/ky = 8:

Optimum solution obtained using Genetic Algorithm model

RunNo. | S1(m) | s2(m) | B(m) L (m) V (m°) F(x)
1 1.6492 | 0.7161 | 10.7606 | 1.00 476.8957 98.2226
2 1.2946 | 0.6998 | 10.0684 | 0.694 476.9712 97.9759
3 2.5687 | 0.8212 | 10.1396 | 0.6626 474.7486 97.8914
4 1.6708 | 0.5426 | 10.9744 | 0.6508 | 477.16.83 98.2470
5 3.40 | 0.8176 | 10.4655 | 0.6290 473.7681 97.9640
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Table 10. Comparison of estimated (L and V) values for the three cases selected.

Given Estimated Values . 5 5
S Values Genetic Algorithm Optimization Ge&g{;ﬁ?'o % @ % E
3 | =1 = 3 g 3 g
~~ ~ ~~ = _I = >
ClEE[Z[ ETEl E | L viy|lLm|viedy| S 5
T|lal|<| & o m (m) ° °
Al5]10 (1 4 0.9 5 1.81 | 81.616 | 1.79 | 82.233| -1.11 0.75

B|110| 10 [ 4 | 3.6 | 0.60 10 0.89 | 338.42 | 091 |[357.08| 219 | -5.23

C|10| 10 | 8 | 2.6 | 0.80 10 0.66 | 474.74 | 0.70 | 469.86 | -5.83 | 1.04

19



Number 2 Volume 20 February 2014 Journal of Engineering

Assessment Efficiency Evaluation of Al-Diwaniya Sewage
Treatment Plant in Iraq

Dr. Awatif Soaded Alsaqgar Dr. Basim Hussein Khudair M.Sc. Ahmid MekKki
alsaggar@yahoo.com basim22003@yahoo.com abd_almokhtar59@yahoo.com
Assistant professor Lecturer Lecturer

Al-Qadesiha University-
Engineering College/Civil
Department

Baghdad University-Engineering Baghdad University-Engineering
College/Civil Department College/Civil Department

ABSTRACT

This study aims to evaluate the performance of the sewage treatment plant in Al-
Diwaniya, one of cities in the southern part in Irag. This evaluation could be used to
facilitate effluent quality assessment or optimal process control of the plant. The
influent reaching the plant is considered a medium to strong in strength with
BODs/COD ratio in the range 0.23 and 0.69 which can be considered an easily
degradable sewage by the biological processes performed by the activated sludge unit.
The quality of the effluent was found to be higher than the Iraqgi standards for disposal
to water bodies. The BODs/COD ratios of the treated sewage varied over a wide range
as low of 0.13 to 1.48 indicating operational problems in the plant. Regression
analysis was performed to estimate the removal percentages of BODs, COD, TSS and
NOg that the plant should perform by to reach the disposal limitations.

Key words: sewage treatment plants, performance evaluation, wastewater
characteristics, BODs, COD, TSS, NO3, BODs/COD ratio.

Al il ol B aall G pual) lia Aallae Aanal £10Y) $pUS aps

S Sa ) JHad s analy Laallae apw ikl e 3
u.n‘)AA u.u‘).\an 2e Lue JLL.»\
pnl)-Aanigl) AS/A ) Aaala il Aanigl) 201K 2 sy Raala PREL/E WL P I SRR EIAEN
() ) ()
sdadAl)

o o) (san) A oal) Ara L aeall Co gl slia diallaa danal ola¥) 38 i ) Al 3l 038 Cangd
o Bl had) g Aa s hall bl Cliia (edis i Al sda JMA e (Sars . Al i
b Aty 558l Adle ) Adangie e Adaaadl ) ARSI Ol sle laE 5, Adaaddl Jis
Jaill A g obiall o2 wiat I3 0,69 50,23 skl panl ¥ Gl ) (g gall cpanS 6V
Y Ll s 38 Al 038 e Aadlaall sball) Lol | (Aadil sleall 28 yh) A gl il) (5ol a5y

20


mailto:alsaqqar@yahoo.com
mailto:basim22003@yahoo.com
mailto:abd_almokhtar59@yahoo.com

Awatif Soaded Alsaqqar Assessment Efficiency Evaluation of Al-Diwaniya
Basim Hussein Khudair Sewage Treatment Plant in Iraq
Ahmid MekKki

Gl 1 s sad) Cpamas 5V (s s 5 bl claTansall ) Lga s (Siay ) olaal) lns o (i
S ) s 51,48 0,13 (e sl i Adaaall a2 e da g shaall sbiall (5 sbsSl) (S Y]
(sl S W) llall AV o (ppeddl Ailan) Jilad iy jal 28y Aaadl) b Al JSUia
L) el 1 J g sl Lan g Aanall Qe oy gy ol il 5 Adlall ) gl 5 Sl o€ Y1
Al jabaall ) dadleall olaall e )

(S U (g ol allaiall ¢ oaall o pall slae (a5 cela¥) ani iglaal) dallae ddase 1dni ) CilalSt)
OnSsY) il ) g sad) aanS oY1 alla A ey Adllad) Alall o sall £ ¢ el (5 saall allaial)
S skeas])

1.INTRODUCTION

and construction but also on good
operation and maintenance, Sundara et
al., 2010.

Silvia et al., 2011, evaluated the

Sewage is created from different sources
as residential, institutional, commercial
and industrial activities. It is collected and
transported via a network of pipes to a
sewage treatment plant (STP). The main operational conditions to verify the
aim of this plant is the removal of
pollutants from the wastewater and
consequently the reduction of solids, and operational parameters and the
organic matter and nutrients so it will be
possible to discharge the treated effluent to
natural water bodies, Erbe et al., 2002. plants under study. The hydraulic retention
The proper operation and co_ntrol of STPs time (HRT) was included in the
is receiving increasing attention because of
the rising concern about environmental evaluation, because this variable could be
issues. Improper operation of STPs may
bring serious environmental problems, as
its effluent is discharged to a water body. simplified way loading conditions. The
Sewage treatment plants are designed and
operated in order to mimic the natural
treatment processes to reduce pollutant (actual BOD load less than the minimum
loads to a level that nature can handle. In
this regard, special attention is necessary
to assess the environmental impacts of loaded (BOD load within the range) and
gglr;t'rg%, 1§g\gage treatment  facilities overloaded (BOD load higher than the
Performance evaluation of existing maximum range). Additionally, in order to
treatment plant is required (1) to assess the
Existing effluent quality and/or to meet
higher treatment requirements and, (2) to the performance of smaller and larger
know about the treatment plant whether it
is possible to handle higher hydraulic and
organic loadings. The general yardstick of and split into two groups: low flows (0 to

evaluating the performance of a sewage o .
treatment plant is the degree of BODs or 50 % of mean flows) and high flows (50 to

existence of a relationship between design

performance of the sewage treatment

calculated for all units and it reflects in a

plants were classified as under loaded

recommended range), normally or usually

analyze whether there was a difference in

plants, all systems were ranked by flow,

100 % of mean flows). Also a monitoring
COD and suspended solids reduction,
which constitute organic pollution. The
performance efficiency of the treatment collected per year in each plant) was
plant depends not only on proper design

index (MlI-average number of samples
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investigated as a possible indicator of the
operational level in the plant (higher Ml
values could be associated with more
operator’s

involvement and, therefore,

possibly a better operation).

2.0BJECTIVE OF THIS STUDY
The main objective of this study is to
evaluate the performance of the Al-
Diwaniya sewage treatment plant, one of
the southern cities in Irag. This evaluation
could be used to facilitate effluent quality
assessment or optimal process control of
the plant. A detailed characterization of
the incoming sewage and a performance
evaluation was carried out for this plant
through the removal of BODs, COD, TSS
and nutrients.
3.AL-DIWANIYASEWAGE
TREATMENT PLANT (STP)

This plant is located on road 8 in the
southern part of Al-Diwaniya city on Shut
Al-Diwaniya, a branch of the Euphrates
River Fig.1. The design capacity of this
plant is ADWF (dry weather flow) which is
80000 m*d. The plant consists of two
identical stream lines that treat the sewage
in two stages, Primary and Secondary
treatment processes. The primary stage
consists of a rack screen and the detritus
for the sedimentation of inorganic
suspended solids. The secondary treatment
is an activated sludge process for the
biological degradation of the organic
content. The effluent from the primary

treatment enters a distribution chamber
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that receives the return sludge from the
tank. The

mixture from this chamber is distributed to

secondary  sedimentation
the aeration tanks of the two streams.

The final effluent from the secondary
sedimentation tanks flows into the chlorine
tank for disinfection before it is discharged
to the river. The wasted sludge from the
secondary sedimentation tanks is collected
in a holding tank where the supernatant is
pumped back to the distribution chamber
and the settled sludge is pumped to the
drying beds. The plant is designed to yield
an effluent of 20 mg/L BODs and 30mg/L

suspended solids.

4.DATA COLLECTION AND
ANALYSIS

The data used in this paper was provided
from Al-Diwaniya STP for the period
January 2007 to September 2008, which
represented the average monthly values of
the mainly parameters of the influent and
effluent.

5.RESULTS AND DISCUSSION

1- Characteristics of the influent sewage
Fig. 2 shows the average monthly BOD:s,
COD, TSS, NO3; and PO, of the untreated
sewage flowing into the plant. From these
data, the influent reaching the plant is
considered of a medium to strong strength
according to the classification in Table 1
given by Metcalf and Eddy, 2003. The
BODs ranged from 149 to 344.93 mg/L
with an average of 199.11 mg/L, where
COD ranged from 329.63 to 814.38 mg/L
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468.42 The
concentrations of total suspended solids
(TSS) were between 277.05 to 919.25
mg/L and an average of 455.81 mg/L. The
detained BODs/COD ratio shown in Fig. 3

and mg/L  average.

for the influent wastewater in is study was
in the range 0.23 and 0.69 and this ratio
for untreated sewage could be considered
as a normal case (0.3-0.8) according to
Table 2. Hence this waste is considered to
be easily degradable by the biological
processes performed by the activated
sludge process, Metcalf and Eddy, 2003.
As for the nutrients, the recorded values
were for 2008 only. PO, ranged from
31.25 to 72.0 mg/L with an average of
44.98 mg/L where NO3 ranged from 4.9 to
6.53 mg/L with an average of 5.56 mg/L
as shown in Table 3.

2- Characteristics of the effluent

The quality of the effluent from the plant
has been found to be higher than expected
from the Iragi effluent standards for
disposal to water bodies. The BOD:s
exceeded 20 mg/L limit for disposal
limitations over the whole period as shown
in Table 4. The values of COD were in
less than the limitation 100 mg/L in year
2008. These values of BODs and COD
could constitute potential  pollution
problems to the water bodies since it
contains organic compounds that require
large amounts of oxygen for degradation.
As for the effluent (treated sewage) the
BODs/COD ratio varied over a wide range
0.17 to 0.95, reaching 1.09 and 1.48 in

2008 as shown in Fig. 3, these values are
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very large than those shown in Table 2 for
the treated sewage. This may indicate
problems in the treatment process which
affects the performance and removal
efficiency of different pollutants from the
sewage being treated in this plant. As for
the suspended solids most of the values
exceeded 30 mg/L. High concentrations of
nutrients in the form of PO, and NO; were
observed in the effluent, with an average
of 5 mg/L for PO, and 22mg/L for NOs.
These pollutants are the major parameters
causing eutrophication in water bodies.

3- Overall efficiency of Al-Diwaniya STP
The average monthly overall removal of
BODs, COD, TSS and NOs; during the
period 2007-2008 in Al-Diwaniya STP
was 70.09, 73.15, 82.21 and 38.74%
respectively as shown in Table 5. Low
removal of organic matter (BODs, COD)
may be due to the recycling of old sludge
that contains fewer microorganisms, which
may cause insufficient MLSS for aerobic
decomposition of organic matter. Also the
DO during aeration could be absorbed by
the microorganisms due to less availability
of fresh organic matter (Ravi et al.,
2010).Also over loading due to increase in
population, increase in water use and
discharge of trade effluents reaching the
plant may cause poor performance in
WWTPs. The treatment efficiency may be
badly affected if the
hydraulically under loaded, Sundara et
al., 2010.

4- Performance of Al-Diwaniya STP

system s
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From the previous analysis of the effluent
from Al-Diwaniya STP, it is clear that the
plant is not functioning in the proper
design specifications, which maybe the
result of operational problems in the
working units. These problems affect the
performance of the plant to
different pollutants like BODs, COD, TSS

and nutrients to the desired disposal

remove

limitations. All of the disposal limitations
were exceeded, which will cause pollution
threads in the receiving river. It is hard to
specify which unit or units not working
within the proper design criteria to yield
the disposal limitations, as no water
quality measurements are taken from each
unit in the plant (before and after each
unit). A major tool required for proper
process control is frequent and accurate
sampling  and
,Sundara et al., 2010.

The following is a brief discussion on how

laboratory  analysis

the working conditions of different units in
the plant can affect the effluent quality.
1-High organic concentrations (BODs
COD) maybe caused by:

a- Improper aeration in the aeration basin,
where not enough dissolved oxygen (DO)
is existed for aerobic decomposition.
DO

concentrations (which is not recorded) in

Continuous  measurement  for
the basin will provide a clear observation
on the amount of DO supplied and
consumed for aerobic decomposition of
organic matter. The concentration of DO

in the aeration basin depends on many
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factors; temperature, basin geometry,

degree of mixing and wastewater
characteristics. Where the main factor is
the aeration method used, mechanical
aeration or air diffusors, Eckenfelder et
al., 2002.

b- Large masses of organisms grow in the
aeration basin are to be settled in the
secondary sedimentation tank (clarifier)
and are returned to the aeration basin as Qr
or wasted from the system as Qw, play the
main operating factor in this system. If
there is a problem in the settling procedure
of the clarifier then high concentration of
microbial mass is measured as BODs or

COD in the effluent, Santo et al., 2005.

2- High concentration of suspended solids (SS)

are recorded in the effluent may be due to:
a- Insufficient removal of TSS in the
primary treatment as in grit chambers and
The

removal of SS depends on size of the

in primary sedimentation tanks.

settled particles and their specific gravity.
The main issue in this stage of treatment is
the separation of organic from inorganic
particles.

b- Improper settling in the secondary
sedimentation tank for the removal of
the microbial mass. This may be due to
some problems in the aeration basin:
excessive turbulence, anaerobic
conditions and toxic shock loading
,Qasim, 1999. The ability of biological
solids to flocculate due to the natural
presence of exocellular enzymes and

polymers creates flocs that settle
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rapidly enough allowing an
economically sized clarifier to produce
acceptable effluent quality. Smaller
flocs that remain isolated and do not
become incorporated into a larger floc
mass report to the effluent instead of
reporting to the underflow. These solids
comprise a high percentage of the
effluent suspended solids (TSS) and
thus effluent particulate pollutant
concentration, Parker, 1983.

3- High concentration of nutrient in the
form of PO, and NOj3

The existing activated sludge system is
not designed for nutrient removal. To
improve the effluent quality, new units
should be added or the development of
the existing units for nutrient removal.
The most common process for
biological nitrogen removal consists of
an anoxic tank (for denitrification)
followed by the aeration tank (for
nitrification), Metcalf and Eddy, 2003.
Al-Diwaniya STP has to specify the
operation problems of the working units
by taking more water quality
each unit. The

stability of the

measurements  for
performance and
activated sludge process is affected by
should be

considered in evaluating the plant. The

many parameters that

effective parameters are: solid retention
time SRT, specific biomass growth rate
M, specific substrate utilization rate U
and the biomass yield coefficient ()
(Metcalf and Eddy, 2003).
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4- Regression analysis for removal
efficiency

A regression study was performed for
each parameter to estimate the removal
efficiency with respect to the disposal
limitations with high correlations (R?).
The equations estimating the removal
percentage were as follows:

BODs: y = 0.0004x + 0.816, R%0.93, Fig.4
COD: y = 0.0004x + 0.5993,R%0.95, Fig.5
TSS: y = 0.0001x + 0.8745, R%:0.88, Fig.6
NO;: y = 0.0004x + 0.9568, R*:0.92, Fig.7
These equations could help to upgrade the
units so the performance of the plant will

give better effluents for disposal.

6.CONCLUSIONS

1-The influent to Al-Diwaniya STP is
considered medium to high in strength.
The BODs/COD ratio of this wastewater
ranged 0.23 to 0.67 which is normal and
the wastewater is easily degradable by
biological processes.

2- The quality of the effluent was found to
be higher than the Iragi standards for
disposal to water bodies. The BODs/COD
ratios of the treated sewage varied over a
low of 0.13 to 1.48

indicating poor performance in the plant.

wide range as

3-The average removal percentages for BOD:s,
COD, TSS and NO; were 70.09, 73.13, 82.21

and 48.74% respectively, which were not

enough

limitations of 20, 100, 30 and less of 1 mg/L

respectively .

to treat the sewage to disposal
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4-Regression analysis was performed to
estimate the removal
BODs, COD, TSS and NO; that the plant

should perform by to reach the disposal

percentages of

limitations.
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Table 1. Strength classification of untreated sewage, Metcalf and Eddy, 2003.

Parameter (mg/L) Weak | Medium Strong
Total dissolved solids 270 500 860
Total suspended solids 120 210 400
BOD5 110 190 350
COD 250 430 800
TOC 80 140 260
Total N 20 40 70
Total P 4 7 12
Chloride 30 50 90
Sulfate 20 30 50

Table 2. Ratios of various parameters used to characterize wastewater,Metcalf and Eddy,

2003.

Type of wastewater BODs/COD BODs/TOC
Untreated 0.3-0.8 1.2-2.0
After primary settling 04-0.6 08-1.2
Final effluent 0.1-0.3 0.1-0.5

Table 3. Influent wastewater characteristic of Al-Diwaniya STP (2007-2008).

Month BODs; | COD TSS | Temp. | pH | NO; | PO,
mg/L | mg/L | mg/L mg/L | mg/L

Jan.07 150.00 | 380.00 | 400.00 | 15.70
Feb.07 344,93 | 706.00 | 919.25 | 21.10
Mar.07 190.87 | 814.38 | 749.00 | 22.66
Apr.07 150.00 | 430.00 | 573.50 | 26.40
May.07 158.75 | 409.70 | 311.64 | 30.73 | 7.26
Jun.07 149.00 | 407.17 | 368.71 | 30.98
Jul.07 175.71 | 404.67 | 392.15 | 31.20
Aug.07 174.00 | 403.50 | 361.00 | 31.40
Sep.07 173.33 | 407.13 | 488.88 | 21.36 | 7.09
Oct.07 149.00 | 380.00 | 311.64 | 15.70 | 7.09
Nov.07 34493 | 814.38 | 919.25 | 31.40 | 7.26
Jan.08 234.25 | 561.53 | 481.61 | 13.11 | 7.16 | 46.75
Feb.08 234.14 | 585.63 | 495.25 | 15.63 | 7.05 | 72.00
Mar.08 218.78 | 552.11 | 451.44 | 20.36 | 7.07 | 52.50
Apr.08 169.25 | 375.06 | 338.50 | 24.71 | 7.18 | 46.60
May.08 185.33 | 359.00 | 367.35 | 28.06 | 7.12 | 39.60
Jun.08 201.67 | 352.05 | 321.29 | 29.80 | 7.16 | 31.25 | 4.90
Jul.08 166.25 | 329.63 | 279.63 | 30.13 | 7.07 | 33.14 | 6.53
Aug.08 225.80 | 337.05 | 277.05 | 31.10 | 7.14 | 45.00 | 5.48
Sept.08 186.25 | 359.50 | 309.11 | 31.43 | 7.18 | 38.00 | 5.33
Min 149.00 | 329.63 | 277.05 | 13.11 | 7.05 | 31.25 | 4.90
Max 34493 | 814.38 | 919.25 | 31.43 | 7.26 | 72.00 | 6.53
Mean 199.11 | 468.42 | 455.81 | 25.15 | 7.14 | 44.98 | 5.56
Typical
concentration | 250 700 250 6.5 6.5 <1 10
(mg/L)
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Table 4. Effluent (treated) wastewater characteristic of Al-Diwaniya STP (2007-2008).

Month BODs COD TSS NO; PO,
mg/L mg/L mg/L mg/L mg/L
Jan.07 62.20 300.00 | 217.00
Feb.07 48.00 374.67 | 152.67
Mar.07 50.00 140.13 71.11
Apr.07 96.25 142.00 | 108.50
May.07 89.00 101.20 70.71
Jun.07 78.57 125.85 90.56
Jul.07 54.00 117.83 | 104.00
Aug.07 25.00 91.75 72.25
Sep.07 25.00 68.89 54,11
Oct.07 96.25 68.89 54.11
Nov.07 62.88 374.67 | 217.00
Jan.08 40.88 114.47 92.06 18.25
Feb.08 37.71 84.75 59.00 24.30
Mar.08 30.22 74.83 40.22 28.50
Apr.08 34.83 74.13 37.38 30.00
May.08 38.33 67.41 33.94 28.00
Jun.08 50.33 107.76 64.33 15.50 5.55
Jul.08 40.13 67.95 37.74 16.00 5.23
Aug.08 52.80 46.74 21.26 29.00 4.63
Sept.08 75.00 50.75 28.44 14.00 4.63
Min 25.00 46.74 21.26 14.00 4.63
Max 96.25 374.67 | 217.00 30.00 5.55
DEE | g 100 30 <1 <1
limits

Table 5. Average monthly overall removal of BODs, COD, TSS and NO; in Al-Diwaniya

STP
Month | %BOD | %COD | %TSS | %NO,
Jan. 7 58.53 21.05 45.75
Feb.07 86.08 46.93 83.39
Mar.07 | 73.80 82.79 90.51
Apr.07 35.83 66.98 81.08
May.07 | 43.94 75.30 77.31
Jun.07 47.27 69.09 75.44
Jul.07 69.27 70.88 73.48
Aug.07 | 85.63 77.26 79.99
Sept.07 | 85.58 83.08 88.93
Oct.07 35.40 81.87 82.64
Nov.07 | 81.77 53.99 76.39
Jan.08 82.55 79.62 80.89 60.96
Feb.08 83.89 85.53 88.09 66.25
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Mar.08 | 86.19 86.45 91.09 45.71
Apr.08 79.42 80.24 88.96 35.62
May.08 | 79.32 81.22 90.76 29.29
Jun.08 75.04 69.39 79.98 50.40
Jul.08 75.86 79.39 86.50 51.72
Aug.08 | 76.62 86.13 92.33 35.56
Sept.08 | 59.73 85.88 90.80 63.16

Min 35.40 21.05 45.75 29.29
Max 86.19 86.45 92.33 66.25
Mean 70.09 73.15 82.21 48.74

o NEW SIP

* OLD STP

Figure 1. Google earth photo for Al-Diwaniya STP, Diwaniya project, Iraq.
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ABSTRACT

A simple technique is proposed in this paper for estimating the coefficient of permeability
of an unsaturated soil based on physical properties of soils that include grain size analysis, degree
of saturation or water content, and porosity of the soil. The proposed method requires the soil-
water characteristic curve for the prediction of the coefficient of permeability as most of the
conventional methods. A procedure is proposed to define the hydraulic conductivity function
from the soil water characteristic curve which is measured by the filter paper method. Fitting
methods are applied through the program (SoilVision), after indentifying the basic properties of
the soil such as Attereberg limits, specific gravity, void ratio, porosity, degree of saturation and
wet and dry unit weights.

Keywords: permeability, unsaturated soil, soil water characteristic curve, filter paper.
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1.INTRODUCTION
In seepage analysis of unsaturated soil,

the coefficient of permeability is an important
parameter because many field problems are
analyzed on the basis of soil permeability.
Various measuring techniques have been
developed in the laboratory and in the field to
evaluate the unsaturated coefficient of
permeability, Fredlund and Rahardjo, 1993.
The direct measurement of coefficient of
permeability of unsaturated soil can be
tedious, time-consuming, and expensive.
Furthermore, the accuracy of some testing
results is often relatively poor, and the
number of measurements required to
adequately characterize an area can rapidly
become prohibitive, as soil properties often
show large in situ variability Mbonimpa,
2006. For these reasons, it is more convenient
to have a practical method for estimating the
expected hydraulic properties and to assess
how these values may be influenced by
changing conditions. The coefficient of
permeability of unsaturated soil is not a
constant like one of saturated soil. It can vary
widely with the variation of the moisture
content of soil. The relationship between
water content and matric suction is called
soil-water characteristic curve. Therefore, the
coefficient of permeability is often
represented by the function of matric suction.
Commonly, the coefficient of permeability of
unsaturated soil is predicted using the soil-
water  characteristic ~ curve.  Numerous
experimental researches have been made on
soil- water characteristic curve by many
researchers such as Fredlund and Xing,
1994,
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2. SOIL WATER CHARACTERISTIC
CURVE

The soil-water characteristic curve for a
soil is defined as the relationship between
water content and suction for the soil. The

water content defines the amount of water
contained within the pores of the soil. In soil
science, volumetric water content, 6, is most
commonly used. In geotechnical engineering
practice, gravimetric water content, w, which
is the ratio of the mass of water to the mass of
solids, is most commonly used. The degree of
saturation, S, is another term commonly used
to indicate the percentage of the voids that are
filled with water. The above variables have
also been used in a normalized form where
the water contents are referenced to residual
water content (or to zero water content)
,Fredlund and Xing, 1994.

There are two defining breaks along
most soil water characteristic curve SWCC
and these are referred to as the “air entry
value” of the soil and the “residual value” of
the soil. These points are illustrated in Fig.1,
the air entry value is the point at which the
difference between the air and water pressure
becomes sufficiently large such that water can
be displaced by air from the largest pore space
in the soil. The residual degree of saturation is
the point at which a further increase in suction
fails to displace a significant amount of water,
Brooks and Corey, 1964.

In this paper the soil-water
characteristic curve relationship has been used
to estimate the hydraulic conductivity.

3. COEFFICIENT OF PERMEABILITY
FOR UNSATURATED SOIL

The coefficient of permeability k of an
unsaturated soil is not a constant. The
coefficient of permeability depends on the
volumetric water content 0, which, in turn,
depends upon the soil suction, y. When the
coefficient of permeability at any soil suction,
k(y), is referenced to the saturated coefficient
of permeability ks, the relative coefficient of
permeability, k(y), can be written as follows



ks, the relative coefficient of permeability,
k(y), can be written as follows:

k
k() = @)

The relative coefficient of permeability
as a function of volumetric water content,
k{(0), can be defined similarly. The relative
coefficient of permeability, (k{(y) or k«(0)), is
a scalar function. The volumetric water
content, 0, can be used in its normalized form,
which is also referred to as the relative degree
of saturation:

6— 8,
0= _——F- (2)
E's - E'r
where:
® = the normalized volumetric water
content or relative degree of saturation,
0= the saturated volumetric water
content, and
06,= the residual volumetric water
content.
Degree of saturation, S, which indicates the

percentage of the voids filled with water, is
often used in place of the normalized water
content, ®, Frendlund and Xing, 1994.

4. MODELS FOR PREDICTION THE
COEFFICIENT OF PERMEABILITY
OF UNSATURATED SOIL

The coefficient of permeability for an
unsaturated soil is primarily predicted from
the soil-water characteristic curve. There are
two approaches to obtain the permeability
function of an unsaturated soil: (i) empirical
equations, and (ii) statistical models. Several
measured permeability data are required to
use an empirical equation. A statistical model
can be used to predict the permeability
function when the saturated coefficient of
permeability, ks, and the soil-water
characteristic curve are available. Several
empirical equations for the permeability
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function of unsaturated soils are listed in
Table 1. These equations can be used in
engineering practice when measured data are
available for the relationship between the
coefficient of permeability and suction, k(y),
or for the relationship between the coefficient
of permeability and the water content, k(6),
Frendlund and Xing et al., 1994.

Two hydraulic conductivity models
built upon statistical pore size distributions
that have received considerable attention in
geotechnical engineering practice are the van
Genuchten, 1980 and Fredlund, et al., 1994
models. Both allow concurrent modeling of
the soil-water characteristic curve and the
hydraulic conductivity function.

Van Genuchten, 1980, proposed a
flexible closed-form analytical equation for
the relative hydraulic conductivity function
k{(y) by substituting equation of Gardner
(1958) into the statistical conductivity models
proposed by Burdine, 1953 and Mualem,
1976 as follows:

[~ o)™ [1+ (avgw}nﬁ]_m‘g}z

kr(‘lﬂr} =

Mpg/ 2

[1+ (2g9)™]

where

y = soil suction (kPa);

a =model parameter related to air-entry
value (suction value at which air starts to
enter largest pores in the soil);

n = model parameter related to pore
size distribution of the soil,

m = model parameter related to the
asymmetry of the SWCC model curve.

Fredlund et al.s 1994, combined
Fredlund and Xing,1994, equations with the
statistical pore size distribution model of
Childs, and Collis-George 1950 to obtain a
model for the relative hydraulic conductivity
function as:

(3)
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Where:

y: is a dummy variable of integration
representing In(0),
b = In(10%)kPa,
y= soil suction (kPa);
Waev . IS the air-entry pressure,
0': is the derivative with respect to .

5. PREVIOUS WORKS ON
UNSATURATED HYDRAULIC
CONDUCTIVITY

Chiu and Shackelford 1998, studied
the hydraulic conductivity of compacted sand-
kaolin mixture. The measured unsaturated
hydraulic conductivity (Kmeasueq) Values are
compared with predicted unsaturated hydraulic
conductivity (Koredicion) Values using the Brooks-
Corey-Burdine and van Genuchten-Mualem
relative hydraulic conductivity functions. In
general, the accuracy of (Kyregicion) decreases with
an increase in kaolin content or an increase in Y.
In addition, Kmesured tends to be under predicted
for kaolin contents of 10 and 30% at relatively
high suctions (1.0 m <y,<6.0 m) and
overpredicted for kaolin contents of 0 and 5%
at relatively low suctions (0.1m <y,<1.0 m).
For a given kaolin content and i, Kprediction Dased
on the Brooks-Corey-Burdine function tends to be
more accurate than Kpregicion 0ased on the van
Genuchten-Mualem function. Finally, for 1.0 m
<Ym<6.0 M, Kyrediction 0ased on analysis using the
maximum volumetric water content (6y)
attained under steady-state flow conditions
typically is more accurate than Kpregicion Dased on
analysis using the saturated volumetric water
content, 0, where 0 range between (84-90)% of
Om.

Vanapalli et al., 2005, proposed a
simple expression to estimate the unsaturated
hydraulic conductivity of coarse-grained soils.
A technigue was proposed wusing a
relationship between the relative conductivity
k. and the normalized degree of saturation,
which is referred as the adjusted degree of
saturation, Sy. To estimate the unsaturated
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hydraulic  conductivity the grain size

(,gistribution, the porosity, the degree of
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Saturation (or water content), the saturated
permeability of the soil, are required. The
mathematical relationship is expressed as a
normalized function:
Kr - S7A9y _ @7.9y (5)
A relationship between the fitting
parameter, y and the index soil properties such
as the porosity, and the fine content is
proposed. The expression is:
y=0.012(1/n [clay%]® + [silt%]) +0.38  (6)
Gao et al. 2008, studied permeability
of unsaturated remolded clay under different
compaction conditions. Five specimens were
compacted under different water contents
with standard Proctor compaction effort to
examine the influence of compacted water
content on the permeability of unsaturated
clay. The first specimen was compacted at
optimum water content, which is 18.4%; the
second and third samples were compacted wet
of optimum water content, their compaction
water content were 20.4% and 22.4%,
respectively. The fourth and fifth specimens
were compacted dry of optimum water
content, 16.4% and 14.4% were their
compaction  water  respectively.  Three
specimens were compacted using reduced,
standard, and modified Proctor compaction
efforts in order to analyze effects of
compaction effort on permeability of
remolded clayey soil. The results indicated
that the permeability coefficient decreases
with the increase of compaction water
content, and the difference reduces with the
increase of suction, and permeability
coefficient can be assumed identical when the
suction reach to 1000 kPa. The permeability
coefficient of samples compacted with
standard Proctor compaction effort and
reduced Proctor compaction effort are very
similar. The value of k, (modified) ky
(standard) is about 1/100 in saturated state,
and which increases as the suction increases.
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When the suction reaches 1000kPa, the value
decreases to 1/10 gradually.

Lamara et al.,2008, studied the reliability of
indirect methods for predicting the hydraulic
conductivity of dune sand widely present in
the Algerian Sahara. The results obtained
were promising and test clearly of the major
contribution that may bring along the
hydraulic property prediction models to the
unsaturated soil mechanics practice. Zapata’s
et al. model,2000, was used to evaluate the
soil water characteristic curve depending on
the grain size distribution information. The
unsaturated hydraulic conductivity has been
predicted, using two statically based models
Mualem-van Genuchten,1980 and
Fredlund et al.,1994, beside Vanapalli et
al.,2005, empirical model. The results
obtained were promising and attested clearly
that some models can yield good predictions.

6. EXPERIMENTAL WORK

In this paper, the aim of experimental
work is to define the soil water characteristic
curve (SWCC) by measurement of the soil
suction.

A soil sample was collected from a site
east of Baghdad. The physical properties of
this soil was studied by conducting a series of
tests in the laboratory, these include: specific
gravity, Atterberg limits, grain size
distribution by sieve analysis and hydrometer,
compaction test and permeability test (falling
head). The total and matric suction are
measured by the filter paper method at
different degrees of saturation.

A brown clayey soil was brought from a site

east of Baghdad. Standard tests are performed
to determine the physical properties of the
soil. Details are given in Table 2. Grain size
distribution of the soil used revealed 6 %
sand, 24% silt and 70% clay as shown in Fig.
2. According to the Unified Soil
Classification System USCS the soil is
classified as CL.
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7. TOTAL AND MATRIC SUCTION
OF SOIL MEASUREMENT BY
FILTER PAPER METHOD

The filter paper method has long been

used in soil science and engineering practice
and it has recently been accepted as an
adaptable test method for soil suction
measurements because of its advantages over
other suction measurement devices. Basically,
the filter paper comes to equilibrium with the
soil either through vapor (total suction
measurement) or liquid (matric suction
measurement) flow. At equilibrium, the
suction value of the filter paper and the soil
will be equal. After equilibrium is established
between the filter paper and the soil, the water
content of the filter paper disc is measured.
Then, by using filter paper water content
versus suction calibration curve, the
corresponding suction value is found from the
curve. This is the basic approach suggested by
ASTM  Standard  Test Method  for
Measurement of Soil Potential (Suction)
Using Filter Paper ASTM D 5298. In other
words, ASTM D 5298 employs a single
calibration curve that has been used to infer
both total and matric suction measurements.
The ASTM D 5298 calibration curve is a
combination of both wetting and drying
curves, as shown in Fig.3.

8. MEASUREMENT OF SOIL SUCTION

Glass jars that are between 250 to 500
ml volume sizes are readily available and can
be easily adopted for suction measurements.
Glass jars, especially, with 3.5 to 4 inch (88.9
to 101.6 mm) diameter can contain the 3 inch
(76.2 mm) diameter Shelby tube samples very
nicely. A testing procedure for total suction
measurements using filter papers can be
outlined as will be described in the following
sections ,Bulut et al., 2001.
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9. EXPERIMENTAL PROCEDURE

1.

10.

Use a container that a Shelby-tube soil
sample can be fit into easily without
the disturbance of the soil sample.

Cut the soil sample into two halves for
matric suction measurements.

Make sure that the surfaces of the soil
samples are smooth and flat for
establishing an intimate contact
between the soil sample and the filter
paper for matric suction
measurements.

For matric suction measurements,
insert a single Whatman No. 42 filter
paper in between two larger in
diameter protective filter papers. Put
the other half of the soil sample on top,
keeping the sandwiched filter papers in
between and in intimate contact with
the soil samples. Tape the two pieces
of the soil sample together.

Insert a clean PVC O-ring, with the
sharp edge facing up, on top of the soil
sample for total suction measurements.
Place two of Whatman No. 42 filter
paper on top of the ring.

Put the lid on and tape it tight to
prevent any moisture exchange
between the air inside and air outside
of the jar, insert the glass jar into a
well-insulated container for suction
equilibrium.

Soil suction measurement set up, as
described in the previous steps, will be
kept in a temperature-controlled
environment for at least one week.

. Previous steps are repeated for every

soil sample.

After at least one week of equilibrium
period, record all the weights with
their corresponding tin numbers.
Remove a glass jar from the
temperature controlled container. Time
is critical at this stage and thus it is
suggested that two people share the
work, the time that the filter papers are
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exposed to the lab environment should
be minimal, preferably less than a few
seconds.

11. Open the glass jar and quickly carry

the filter paper to the moisture tin
using tweezers, in less than a few
seconds, immediately close the lid of
the moisture tin with the wet filter
paper inside.

12. After closing the lid of the moisture

13.

14.

15.

16.

17.

10.

tin, immediately weigh the tin with
the wet filter paper inside. This is a
total suction measurement.

Continue with the matric suction
measurement by removing the tape
that was holding the soil samples
together. Remove the filter paper
that was sandwiched between the
two  protective  filter  papers.
Immediately carry the filter paper to
the moisture tin, close the lid of the
moisture tin and weigh the tin with
the wet filter paper inside. This is a
matric suction measurement.

After opening all the glass jars and
recording the weight of the moisture
tins with the wet filter papers inside,
carry them to a hot oven with the
lids half open. Leave them in the
oven for at least 10 hours. Before
taking them out from the oven, close
their lids for equilibrium and leave

them in the oven for about 5
minutes.

Weigh the hot tin with the dry filter
paper inside.

Calculate the moisture content of each

filter paper for both total and matric
suction measurements.
Obtain the suction value from an
appropriate calibration curves or by
these relations. These steps are
documented in plates 1 to 6.

INPUT DATA IN SOIL VISION

Total and matric suction of the soil
samples are measured by remolding the
samples at different degrees of
saturation (40%, 50%, 60%, 70%, 80%,



Number 2

and 90%) using the filter paper method.
A sample of the data documented
during the measurement of soil suction
is shown in Table 3. Figs.4 and 5 show
the relationship between the total and
matric suction and the degree of
saturation, respectively.

From Fig.4, it can be shown that the

Sl oom o001 o1 )il decreases with increase of
degree of saturation and the rate of
decreasing in matric suction is not equal to
the rate of increase of the degree of
saturation.

From the program (Soil Vision), and
after inputting all the required properties of
the soils used in this analysis, (i.e., total unit
weight, dry unit weight, liquid limit, plasticity
index, void ratio, porosity, matric suction
value, degree of saturation, and grain size
distribution), the soil water characteristic
curve is predicted (relation between the
gravitation water content and the matric
suction) through applying fitting methods,
such as the method proposed by Fredlund
and Xing,1994 and van Genuchten, 1980,
for fitting the soil water characteristic curve
Fig.6.

11. ESTIMATED UNSATURATED
HYDRAULIC CONDUCTIVITY (K)

In this paper, Soil Vision program has been
used in order to find the properties of soil
such as volumetric water content and
unsaturated hydraulic conductivity. After
determination of the relation between the
volumetric water content and matric suction
using fitting of the Fredlund and Xing model
at every degree of saturation, a relationship
between the hydraulic conductivity and matric
suction can be estimated from Soil Vision
program.

The Fredlund and Xing model (1994)
in Soil Vision program is used to calculate
unsaturated hydraulic conductivity as the
following equation:
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er"."a{.}‘.} _.-. B(.iitlj B‘I}’ﬂ:}’
A )
= Hggr
W@ ":]' — a8, ..
Je b},‘ = G'ydy
y: is a dummy variable of integration
representing In(y),

v = soil suction (kPa),

W is the suction corresponding to the
residual water content &,

0s = the saturated volumetric water
content,

0': is the derivative with respect to .

The most variable parameter in the Soil

Vision program is saturated hydraulic
conductivity and Fredlund and Xing fit of
soil-water characteristic carve by fitting in
each degree of saturation from 100% to 40%.
Finally, the unsaturated hydraulic
conductivity carve is predicted in Fig.7 for
different degrees of saturated.
A steep permeability function indicates a
rapid reduction in the water coefficient of
permeability for a small increase in matric
suction. In this case, the quantity of water
flow in to the wunsaturated zone is
considerably reduced.

12. CONCLUSIONS

- From the soil water characteristic
curve  (SWCC)  which  was
determined by experimental method
(i.e. filter paper method) for the
study soil, the matric suction values
were found to increase by about (15-
63)% with decrease of the degree of
saturation from 90% to 40%, and the
rate of increase is not equal to rate of
decrease in degree of saturation.

- From the soil water characteristic

curve (SWCC), the unsaturated
hydraulic conductivity value was
calculated, and was found to

decrease by about (38-99) % with
increase of the matric suction for
each degree of saturation.
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Table 1. Empirical equations for the unsaturated coefficient of permeability k(8) ),Frendlund

et al., 1994,
Function Reference
k, = y* where © = fﬂ—ﬂu"/(a o) Averjanov (1950)
Campbell (1973)

B n
)
9,

k= k_expla(b—6.)]

Davidson et al. {1969)

k=k,, forv=wy__
v -n - Brooks and Corey(1964)
Ky = ( H'rl"l‘reuat'.?) for y = Vaew
k, = exp(—ow) Gardner (1958)
k= k./(ow?+ 1)
k=awv+b Richards (1931)
k=k fory=w__

Rijt 1965
ke = epl-a(y—v,,)] forv,,, <y <y, | Ritema(1965)
k=Iky (i) fory = w,

Wi
T Wind (1955)

Table 2. Index properties of the soils.

Index property Index value
Liquid limit % (LL) 49.8
Plasticity index % (PI) 25
Specific gravity (Gs) 2.19
Sand % 6
Silt % 24
Clay% 70
Classification (USCS) CL
Optimum moisture content 20.32%
Dry unit weight (kN/m°) 17.13
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Table 3. Measurement of soil suction using filter paper method.

MEASUREMENT OF SOIL TOTAL SUCTION USING FILTER PAPER

Degree of Saturation % 40 50 60 70 80 90
Water Content of Filter Paper % | Wf | 10.3 11.6 14.7 15.3 16.5 18
Total Suction, log kPa he | 4.5246 | 4.4233 | 4.1819 | 4.1351 | 4.0413 | 3.9248

MEASUREMENT OF SOIL MATRIC SUCTION USING FILTER PAPER

Degree of Saturation % 40 50 60 70 80 90
Water Content of Filter Paper Wf | 253 32 46 55.3 71.4 86
Matric Suction, log kPa h, | 3.3561 | 2.8342 | 2.3985 | 1.7935 | 1.4481 | 1.251

35 : T T T
LE i L < Transitio i ]
% 304 i S jZOE'Ie I” |
‘é . — 1 | I
&£ 25 Air ?ntry | Inflection point iﬂl
3 2&4— e [ .
O i I N
g 15 Bounda U
E eﬁectry N I I !L Residual zn_rie]
5 tofHH  zone T
£ A SR i
& 5T Residual ~uiy(ji ”
N | leepaionsl] {1 TTHR=CA]
0.1 1. 10 100 1000 10,000 100,000 1,000,000

Soil suction, (kPa)

Figure 1. lllustration of the in situ zones of desaturation defined by a soil — water characteristic
curve, after Fredlund, 2006.
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plates (5) plates (6)

Figure 3. Calibration suction-water content curves for wetting of filter paper (from ASTM-
5298-03).
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ABSTRACT:

Finding the shortest route in wireless mesh networks is an important aspect. Many techniques are used to
solve this problem like dynamic programming, evolutionary algorithms, weighted-sum techniques, and
others. In this paper, we use dynamic programming techniques to find the shortest path in wireless mesh
networks due to their generality, reduction of complexity and facilitation of numerical computation,
simplicity in incorporating constraints, and their conformity to the stochastic nature of some problems.
The routing problem is a multi-objective optimization problem with some constraints such as path
capacity and end-to-end delay. Single-constraint routing problems and solutions using Dijkstra, Bellman-
Ford, and Floyd-Warshall algorithms are proposed in this work with a discussion on the difference
between them. These algorithms find the shortest route through finding the optimal rate between two
nodes in the wireless networks but with bounded end-to-end delay. The Dijkstra-based algorithm is
especially favorable in terms of processing time. We also present a comparison between our proposed
single-constraint Dijkstra-based routing algorithm and the mesh routing algorithm (MRA) existing in the
literature to clarify the merits of the former.

Key words: wireless mesh networks; dynamic programming; single-constraint
optimization; Dijkstra algorithm; Bellman-Ford algorithm; floyd-warshall algorithm;
MRA.
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1. INTRODUCTION

Wireless mesh network (WMNs) are an
attractive technology because they extend the
network  coverage, deliver  community
broadband Internet access services and increase
the capacity of wireless access networks,
Cheng, H. et al., 2012, Capone A. et al., 2010,
and Mountassir T. et al.,, 2012. WMNSs also
reduce the need for costly wired network
infrastructures, Capone A. et al., 2010, and
Marina M. K. et al., 2010. Nodes in these
networks establish and maintain connectivity
amongst them automatically, Raja N. K. et al.,
2012. The coverage of the network depends on
the number of nodes, their location in relation to
one another and the radio technology used
because each node exchanges routing
information only with its neighbors, Kowalik
K. et al., 2006. To speed up the operation of
finding the optimal path between two nodes in
the  WMNs, the dynamic programming
technique is employed.

Dynamic programming (DP) is a powerful
algorithmic paradigm which is used to solve
large classes of optimization problems, Lew A.
et al., 2007. The key attribute that a problem
must have in order for dynamic programming to
be applicable is optimal substructure, Camen T.
et al., 2001. Optimal substructure means that the
solution to a given optimization problem can be
obtained by a combination of optimal solutions
to its sub-problems. DP has many applications
such as integer knapsack problem, optimal
linear search problem, optimal binary search
tree problem, integer linear programming,
finding the shortest path problem and others,
Lew A. et al., 2007. In this work, DP is used to
find shortest paths problem in wireless networks
in the context of quality of service (QoS)
routing. The importance of focusing on DP
techniques for routing stems from the fact that
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DP has been proven to be effective for many
unconstrained and multi-objective optimization

problems. For some problems, it is even the
most efficient approach known for the solution.
Wireless networks can be unidirectional or
bidirectional mesh wireless networks. Each type
of wireless network can make use of routing
algorithms under the framework of dynamic
programming techniques to determine the
shortest paths between the nodes.

In unidirectional wireless networks, networks
can be represented as a multi-stage directed
acyclic graph (DAG). There are two
fundamental processes to solve the shortest path
problems in multi-stage directed graphs, Moon
T. K. and Stirling W. C., 2000. The first one is
known as forward dynamic programming
algorithm and the other is known as backward
dynamic programming algorithm. For wireless
mesh networks, there are other applicable
unconstrained DP algorithms such as the
Dijkstra, Bellman-Ford and Floyd-Warshall
techniques, Stallings W., 2011, Glisic S. and
Lorenzo B., 2009. The processing time and the
amount of information that must be collected
from other nodes, Stallings W., 2011 are the
important aspects in which these algorithms
differ from each other. Unconstrained shortest
path problems and single-constraint
optimization for path selection have been
proved to be NP-complete, because they are all
solved in polynomial time, Dasgupta S. et al,
2007, and Allard G. et al., 2004. A problem is
NP-complete if all decisions for the problem can
be verified in polynomial time, Dasgupta S. et
al., 2007.

The routing problem is a multi-objective
optimization problem with metrics such as path
rate or capacity, end-to-end delay, hop count,
and probability of errors. These QoS
requirements need to be bounded or optimized.
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In general, the QoS metrics need to be
optimized by making meaningful trade-offs due
to their inter-conflicting nature.

In this paper, we address the single-constraint
routing problem in Dijkstra-based, Bellman
Ford-based and Floyd Warshall-based DP
framework. These algorithms find the shortest
path from the source node to the destination
node in the wireless network through
maximizing path rate and limiting end-to-end
delay. Also, we show that our Dijkstra-based
algorithm is preferable over the mesh routing
algorithm (MRA\) in finding the shortest path in
wireless mesh networks. MRA, Crichigno J. et
al., 2008, and Helonde, J. B. et al., 2011, is
also a dynamic programming algorithm to
compute  high-capacity end-to-end delay
bounded paths. There are numerous other
optimization methods each with advantages and
disadvantages. The most prominent is dynamic
programming due to its generality, reduction of
complexity and facilitation of numerical
computation, simplicity in  incorporating
constraints, and its conformity to the stochastic
nature of some problems, Lew A. and Mauch
H., 2007, Doerr B. et al, 2009, and llaboya R.
et al., 2011. Evolutionary algorithms such as the
genetic algorithm (GA) are most appropriate for
complex non-linear models where the location
of a global minimum is a difficult task. Due to
global search, GAs are computationally
expensive and need more time to be computed
as compared with DP, Doerr B. et al., 20009.
The remainder of the paper is organized as
follows: Section 2 presents the DP algorithms
(MRA, Dijkstra, Bellman-Ford, and Floyd-
Warshall) that deal with single constraints to
find the shortest path in wireless mesh networks.
Section 3 summarizes the simulation results and
discussion. Finally, Section 5 concludes the

paper.

2. SINGLE-CONSTRAINT DP
ALGORITHMS

In this section, four single-constraint DP
algorithms (MRA, Dijkstra, Bellamn-Ford, and
Floyd-Warshall) are explained. All these
algorithms follow the same method to find the
shortest path in wireless networks. The method
optimizes the path capacity and bounds the end-
to-end delay. This method is designed to
dispense with combined metrics. Combined
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metrics (weighted sum techniques) are
optimized when the end-to-end delay metric is
minimized and the path capacity is maximized
simultaneously. The weighted sum technique
does not guarantee any optimal trade-off
solution between the metrics. Hence, with the
weighted sum technique, solutions that best
satisfy QoS requirements are not guaranteed,
Crichigno J. et al, 2008.

In what follows, we explain the difference
between the MRA algorithm and our single-
constraint Dijkstra-based algorithm, Shukr S. et
al, 2012 and also explain the single-constraint
Bellman-Ford and Floyd-Warshall algorithms.

2.1 The MRA Algorithm

The mesh routing algorithm (MRA), Crichigno
J. et al, 2008 and Helonde, J. B. et al., 2011 is
a dynamic programming approach to compute
high-capacity end-to-end delay bounded paths.
Fig. 1 is used to show how the algorithm
operates, where rate r(l) is shown over each link
in Mbps, and the delay of each link t(I) equal to
2ms.

Now, we want to find the path from u to y with
maximum capacity R and with delay exactly
equal to 6ms (7= 3 hops time). This path is
denoted by P; (u,3). Only through w or x, we
reach y. The path rate fromu to y is:

R(BS (1, y))=max {min [RiPZ_ (uwd).6} } (1)

min{R(P_,(ux)).3}

The two paths (P:_,(u,w) and P;_,(1,x)) can
be similarly found. Fig.2 explains how to solve
the shortest path problem in Fig.1l using the
MRA algorithm. After we search all possible
paths and discard some of them like P3 and P6
because their end-to-end delays greater than
6ms, we choose P5 as the maximum path rate
(5Mbps) with end-to-end delay equal to 6ms
among all remaining paths.

The following pseudo-code shows how the
MRA algorithm operates to find the maximum
capacity path with end-to-end delay bounded
by T.

The MRA algorithm

1. INPUT: G(V,E), source node vs,
destination node vd, delay bound .

2. OUTPUT: Py
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3. [*Initialization*/
4. IFpairu,weVand d<tTHEN

5. P,”(u,w)=NIL

6 IFd1=(uw)eE|t(l)=d THEN
7. P, (u,w) =l

8. ENDIF

9. ENDIF

10. /*main loop*/

11. IFd <t THEN

12. IF pairu,weV THEN

13. FORALL I=(uv)eE|d>t(l) DO

14.  IF P, (v,w)#NIL THEN
15. IF [P,”(u,w)=NIL] or
[R(P, (u,w)) <
R(I® P, (v,w))] THEN

16. P, (u,w)= 1 ® P, (v, W)
17. END IF

18. ENDIF

19. END FOR

20. ENDIF

21. ENF IF

22. RETERN P

2.2 Dijkstra-Based Algorithm

We propose a Dijkstra DP technique that
computes high-capacity paths while
simultaneously bounding the end-to-end delay
to an upper limit. Fig.3 explains how the
algorithm works.

Beginning with the source node (vs), the
algorithm finds node (u) whose R(P(vs,u)) is the
maximum capacity among all nodes. After that
the algorithm finds the links (1) that connect u

and v for all v provided that the delay from vs to
v does not exceed . So the path from vs to v is
either P(vs,v) or P(vs,u) @I, depending on
which has the maximum capacity, and at the
same time, does not violate the delay bound.

The path from vs to v throught u has a rate equal
to min{R(P(vs,u)), r(I,,)} The paths P(vs,u)
and P(vs,v) are not necessarily disjoint. If
R(P(vs,u)&Bl,.)> R(P(vs,v)) then P(vs,v) is
P(vs,u)BI,,,.

By the same way we can expand the path to
reach the destination node (vd) and find
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B*(vs,vd) and R(E*(vs,vd)) denoting the shortest
path (greatest capacity) and its rate respectively.
In short, our proposed algorithm adopts
unconstrained (capacity or rate) Dijkstra
optimization but prunes off the paths that violate
the delay bound resulting in a single-constraint
optimization effect. This is achieved by
comparing rates to decide between paths, and
then comparing delays. The latter comparison
may change the decisions resulting from the
former.

To show the difference between this algorithm

and MRA algorithm, Fig.4 shows the spanning
tree of the same network in Fig.1 using Dijkstra-
based algorithm. It is clear that the optimum
path P1 is rapidly discovered. From this
example, it is clear that our proposed algorithm
is better than MRA because MRA employs
flooding in its search, but with optimization.
Moreover, our algorithm is different from the
MRA in that it is Dijkstra-based and, therefore,
retains all the corresponding advantages such as
fast shortest-path determination, and having an
order of N* ( N is the number of the nodes)
rendering it efficient to use with relatively large
networks. The algorithm in the following
pseudo-code is used to return a maximum-
capacity path such that the end-to-end delay is
bounded by t, and its rate.

The single-constraint Dijkstra-based algorithm

1. INPUT: no. of nodes n, source node vs,
destination node vd, delay bound T, t(l)
forall I, r(l) for all I.

2. OUTPUT: P#(vs,,vd), R(PF(vs,, vd)).

3. /*Initialization*/

4. FOR ALL nodes

5 Visited nodes = NIL

6 R(P(vs,node))=0

7 D(P(vs,node))=c0

8. Parent(node)= NIL

9. END

10. R(P(vs,vs))=o=

11. D(P(vs,vs))=0

12.FOR i=1: (n-1)

13. FOR ALL visited nodes

14. Rate(node) = R(P(vs,node))
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15. END

16. I'max = Max[rate(node)]

17. u=node corresponding to I'ya..

18. /* uis the visited node */

19. FOR ALL nodes v

20. IF (t(l,) + D(P(vs,u))) < T THEN

21. IF r(l) < R(P(vs,u)) THEN

22. cap=r(l.,)

23. ELSE cap= R(P(vs,u))

24, END IF

25. IF cap> R(P(vs,v)) OR
D(P(vs,v)) > T THEN

26. R(P(vs,v)) = cap

27. parent(v) = u

28. /* P(vs,v) = P(vs,u) €& 1.,
*/

29. D(P(vs,v)) = D(P(vs,u)) +
t(luw)

ENDIF

30. ELSE IF D(P(vs,v))> Tt THEN

31. R(P(vs,v))=0

32. D(P(vs,v)) = o=

33. END IF

34. END FOR

35. END FOR

36. IF parent(vd) # NIL THEN

37. P(vs,v) = [vd]

38. t=vd

39. WHILE t #vs

40. p = parent(t)

41. P(vs,vd) = [p P(vs,vd)]

42. t=p

43, END

44, END IF

45. B#(vs,,vd) = P(vs,vd)
46. RETURN P (vs,,vd), R(PS(vs,,vd))

2.3 Bellman-Ford Algorithm

In the following pseudo-code, Bellman-ford
algorithm finds the optimal path from source
node (s) to all other nodes in the network. It uses
output information from rates matrix, introduced
earlier in the previous sub-section. First, we
have only the s node in the path. For all links in
the network, and from s node, we will find all
rates and the corresponding nodes and compare
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between them to find the maximum rate (rlma)
and its corresponding node (m). Then, in the
same manner but from node m, we will find
Ir2max @nd its corresponding node. Then rl ., will
compare with r2.. and the smallest be the
maximum rate from the s node to the third node
in the path. We do all these steps with delay
bounded by t. All above processes will be

repeated until all nodes in the network are

examined.

The single-constraint Bellman-Ford based
algorithm

1.

INPUT: no. of nodes n, no. of links L,
source node vs, destination node vd,
delay bound T, t(I) for all I, r(l) for all I,
links between all nodes.

2. OUTPUT: B*vs,vd), R(EF (vs,,vd)).

3. /*Initialization*/

4. FOR ALL nodes

5. Visited nodes = NIL

6. R(P(vs,node))=0

7. D(P(vs,node))=o0

8. Parent(node)= NIL

9. END

10. R(P(vs,vs))=0°

11. D(P(vs,vs))=0

12. FORi=1: (n-1)

13. FOR ALL visited nodes

14. Rate(node) = R(P(vs,node))

15. END FOR

16. rmax = Max[rate(node)]

17. u=node corresponding to rmax.

18. /* uis the visited node */

19.  FORALL links j

20. /*find the node v which is
connected to node u through
link j */

21. FOR ALL nodes v

22. IF (t(luv) + D(P(vs,u))) <t

THEN
23. IF r(luv) < R(P(vs,u))
THEN

24, cap=r(luv)

25. ELSE cap= R(P(vs,u))

26. END IF

27. IF cap> R(P(vs,v)) OR

D(P(vs,v)) >t THEN
28. R(P(vs,v)) = cap
29. parent(v) =u
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30. /* P(vs,v) = P(vs,u) @®
luv */

31. D(P(vs,v)) = D(P(vs,u))
+ t(luv)

32. ELSE IF D(P(vs,v))> T

THEN

33. R(P(vs,v)) =0

34, D(P(vs,v)) = o

35. END IF

36. END IF

37. END FOR

38. END FOR
39. IF parent(vd) # NIL THEN

40. P(vs,v) = [vd]

41. t=vd

42. WHILE t # vs

43, p = parent(t)

44, P(vs,vd) = [p P(vs,vd)]
45, t=p

46. END

47. END IF

48. END FOR

49. B(vs,vd) = P(vs,vd)
50. RETURN E*(vs,,vd), R(EF (vs,,vd)).

2.4 Floyd-Warshall Algorithm

Floyd-Warshall algorithm in the following
pseudo-code determines the shortest path
between all pairs of nodes in the network.
Floyd-Warshall algorithm uses a set of nodes as
intermediate nodes to find the routes between
the nodes in the network. Suppose we wish to
find the route from vs node to vd node in the
network. First, there is only node 1 as
intermediate node between node vs and node vd.
rs1 represent the rate between node vs and node 1
and ryy represent the rate between node 1 and
node vd. The smallest between node ry; and ryg
will be the maximum rate (rly.) between node
vs and node vd under there is only node 1 as
intermediate node. Then, the above process will
be repeated but with node 2 as intermediate
node and with r2m. as the maximum rate
between node vs and node vd under node 2 as
intermediate node. The rate rl,.c will be
compared with r2..« and the largest will be the
maximum rate between node vs and node vd and
so on. We do all these steps with delay bounded
by 7. All these processes will be repeated until
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the all optimum routes between all pairs in the
network are found.

The single-constraint Floyd-Warshall based
algorithm

1. INPUT: no. of nodes n, no. of links L,
source node vs, destination node vd,
delay bound T, t(I) for all I, r(l) for all I,
links between all nodes.

2. OUTPUT: E*(vs,,vd), R(ES (vs,,vd)).
3. /*Initialization*/
4. FOR ALL nodes
5. Visited nodes = NIL
6. Parent(node)= NIL
7. END
8. FORk=1:n
9. FORi=1:n
10. FOR j=1: n
11. IF node (i) = node (j) THEN
12. /* rate and delay
13. between node i and
j stay the same*/
14. ELSE
15. IF R(i,k) ==0 THEN
16. /*there is no
change*/
17. END IF
18. IF R(k,j) ==0 THEN
19. [*there is no
change*/
20. END IF
21. IF D(i,k) + D(k,j) < T
THEN
22. Cap= min(R(i,k),
R(k,j))
23. IF (cap > R(i,j)) OR
(D(i,j) > T) THEN
24. IF parent(i,k) ==
NIL
25. parent(i,j) =k
26. ELSE
27. parent(i,j) =
parent(i,k)
28. END IF
29. R(i,j) = cap
30. /* P(i,j) = P(i,k) ®
P(k,j) */
31. D(i,j) = D(i,k) +
D(k,j)
32. END IF
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33. ELSE

34. IF D(i,j) > T THEN

35. R(i,j)=0

36. D(i,j) = o

37. Parent(l,j) = NIL

38. END IF

39. END IF

40. END IF

41. END FOR

42. END FOR

43. END FOR

44. IF (R(vs,vd) !=0) AND (D(vs,vd) =)
THEN

45.  P(vs,vd) = [vd]

46. t=vd

47.  WHILE P(t,vs) =0

48. p = parent(t,vs)

49. P(vs,vd) = [p P(vs,vd)]

50. t=p

51. END

52.  P(vs,vd) = [vs P(vs,vd)]

53. ENDIF

54. B*(vs,,vd) = P(vs,vd)
55. RETURN E(vs,,vd), R(E* (vs,,vd)).

3. RESULTS AND DISCUSSION

The simulation program to implement the
comparison between the single-constraint DP
algorithms (MRA, Dijkstra, Bellman-Ford, and
Floyd-Warshall) was coded in Matlab 8.0. The
resultant shortest route depends on link rate and
end-to-end delay. The simulation model
parameters are chosen as follows: Number of
nodes in the simulated network= 50. Topology
area: Nodes are distributed randomly on
1000*1000 m2. This network topology ensures
that the node coverage area is 200 m. Thus,
some nodes may be in the coverage area of
others.

Figs. 5, 6, and 7 show the topology of the
network and the shortest route in terms of
maximum capacity in Dijkstra, Bellman-Ford,
and Floyd-Warshall with a single constraint
from node 1 to node 15, node 23 to node 24, and
node 49 to node 50 respectively. All the routes
in the three figures are bounded by a 50 ms
delay. The route in Fig.5 has a capacity of
7.8151 Mbps while the route in Fig.6 has a
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capacity of 8.1306 Mbps and the route in Fig. 7
has a capacity of 8.1634 Mbps.

As shown from Figs. 5, 6, and 7, there is no
difference among the results of the three
algorithms (Dijkstra, Bellman-Ford, and Floyd-
Warshall) because all of them find the shortest
route between two nodes in the network.
However, these approaches differ in the amount
of information that must be collected from other
nodes in the network. In Bellman-Ford
algorithm, the node must collect only the
information from its neighbors and knowledge
of its link costs, to update its costs and paths.
While in the Dijkstra algorithm, the node must
know the link costs of all links in the network.
The information must be exchanged with all
other nodes. Thus, Bellman-Ford is better than
Dijkstra from this point of view.

As for the processing time of the algorithms, the
processing time in the Dijkstra algorithm is
O(N?), where N is the number of nodes in the
network, whereas in Bellman-Ford, the
processing time is O(NL), where L is the
number of links in the network. The processing
time in the Floyd-Warshall is O(N®. The
Dijkstra algorithm is better than other two
algorithms in the processing time feature.

4. CONCLUSION

Wireless mesh networks are likely to be the
essence of future communication. Finding
shortest paths in WMNSs by optimizing some
QoS metrics is very challenging. Because it is
difficult to provide optimization for all the
metrics used to solve the routing problem
simultaneously, we wuse a technique that
optimizes one QoS measure and bounds or
constrains the other. This paper presents single-
constraint shortest path problem in Dijkstra,
Bellman-Ford, and Floyd-Warshall dynamic
programming algorithms that optimize the path
capacity and bound the end-to-end delay.
Despite the fact that the simulation results of the
three algorithms are the same but they are
different in the processing time of the
algorithms and the amount of information that
must be collected from other nodes in the
wireless network. From the perspective of
processing time, the Dijkstra algorithm is the
best because the processing time is O(N?), while
in Bellman-Ford algorithm is O(NL) and in
Floyd-Warshall is O(N®). Bellman-Ford is better
than the other algorithms in the amount of
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information must be collected from the nodes
because the node only collects the information
from its neighbors. Another comparison was
implemented between the MRA and single-
constraint Dijkstra-based algorithms to show the
difference between them. The result of this
comparison explains that our proposed
algorithm is better than the MRA algorithm in
the search of the shortest path due to its
comparatively reduced computational

complexity, whereas MRA is more time-
consuming due to its flooding-like search
method.
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6. SYMBOLS AND ACRONYMS

> Summation Operator

& Concatenation

3 There Exist

| OR

o0 Infinity

T End-to-End Delay Bound

d, vd Destination Nodes in the
Wireless Network

d Delay of the Path So Far

D(P) End-to-End Delay of Path P

E Number of Edges in the
Graph

G(V,E) Graph with V Vertices and
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E Edges

Link in the Path P

Link Connecting Node u
and Node v

Number of Links in the
Wireless Network

Nodes in the Wireless
Network

N Number of Nodes in the
Wireless Network

NIL Nothing

P Path

Py Path Between vs and vd

P*(vs,,vd) Maximum-Capacity Path
Between vs and vd with
End- to-End Delay Less

Than T

I max Maximum Rate

r(l Rate of Link |

R(P) Rate of Path P

S, VS Source Node in the wireless
Network

t() Expected Delay of Link |

DAG Directed Acyclic Graph

DP Dynamic Programming

GA Genetic Algorithm

MRA Mesh Routing Algorithm

NP Nondeterministic Polynomial Time

QoS Quality of Service
WMN

Wireless Mesh Network

Figure 1. A network with rate r(l) over each link.
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P1
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Figure 4. Spanning tree layout explains how to solve the shortest path problem of in Fig. 1 using

Dijkstra-based algorithm.
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Figure 5. Network topology with source node (1) and destination node (15) showing shortest route
under single- constraint DP algorithms with maximum capacity and a 50ms end-to-end delay bound.
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Figure 6. Network topology with source node (23) and destination node (24) showing shortest route
under single- constraint DP algorithms with maximum capacity and a 50ms end-to-end delay bound.
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Figure 7. Network topology with source node (49) and destination node (50) showing shortest route
under single- constraint DP algorithms with maximum capacity and a 50ms end-to-end delay bound.
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Experimental Investigation for TiO2 nanoparticles as a Lubricant-
Additive for a Compressor of Window Type Air-Conditioner
System
Asst.Lect. Haider ali hussen
Department of Mechanical Engineering

College of Engineering- AL-Mustansiriyah University
E-mail: (haidereng25@yahoo.com)

ABSTRACT

The coefficient of performance of a window type Air-Conditioner system can be improved if
a reduction in the work of compressor can be achieved by a suitable technique. The present study
investigates the effect of dispersing a low concentration of TiO2 nanoparticles in the mineral oil
based lubricant, as well as on the overall performance of a window type Air-Conditioner system
using R22 as the working fluid. An enhancement in the COP of the refrigeration system has been
observed and the existence of an optimum volume fraction noticed, with low concentrations of
nanoparticles suspended in the mineral oil. Results showed that the average compressor work
reduced by 13.3%, which ultimately resulted in an increase of 11.99% in the COP due to the
addition of nanoparticles in the lubricating oil.

Key words: nanoparticle; nanofluid , lubricant , air-conditioner system, coefficient of performance
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1. INTRODUCTION

One recent report , Omer, AM 2007,
proposed by the USA Department of Energy
showed that the global energy consumption in
2020 would be more than twice of the present
level according to the current tendency. Such an
increasing energy requirement will aggravate
energy shortage and environment pollution.
Forty percent of the annual global energy
demand is consumed by buildings, while more
than half of the building energy demand is
consumed for air-conditioning, and this
proportion is larger in hot-weather areas.
Therefore, improvement in energy efficiency of
air-conditioning system can significantly reduce
the global energy consumptions. Nanofluids,
which are suspensions of nanoparticles in base
fluids, have been introduced as new enhanced
media , especially during the last decade. An
experimental investigation has been carried out
on nanofluid effects on the coefficient of
performance of a window type Air-Conditioner
system. Many researches were accomplished in
this field. Ruixiang, W., 2010, studied the
application of nano-fluids in refrigerating
systems is considered to be a potential way to
improve the energy efficiency and reliability of
HVAC&R facilities and to make economic the

use of environmentfriendly refrigerants. The
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reliability and performance of RAC with
nanoparticles in the working fluid have been
investigated experimentally. A new mineral-
based nano-refrigeration oil (MNRO), formed
by blending some nanoparticles (NiFe204) into
naphthene based oil B32, was employed in the
RAC using R410a as refrigerant. The results
indicate that the mixture of R410a/MNRO
works normally in the RAC. The cooling/heating
EER of the RAC increased about 6% by
replacing the Polyol-Easter oil VG 32 lubricant
with  MNRO. Venkataramana, M., 2012,
studied the ir-reversibility at the process of a
vapour-compression refrigeration system
(VCRS) with nanoparticles in the working fluid
was investigated experimentally. Mineral oil
(MO) with 0.1 gL~1TiO2 nanoparticles mixture
were used as the lubricant instead of Polyol-ester
(POE) oil in the R134a, R436A
(R290/R600a56/44wt.%) and R436B
(R290/R600a-52/48-wt.%) VCRSs.The VCRS
ir-reversibility at the process with the
nanoparticles was investigated using second law
of thermodynamics. The results indicate that
R134a, R436A and R436B and MO with TiO2
nanoparticles work normally and safely in the
VCRS. The VCRSs total ir-reversibility (529,
588 and 570 W) at different process was better
than the R134a,R436A and R436B and POE oil
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system (777, 697 and 683 W). The same tests
with AI203 nanoparticles showed that the
different nanoparticles properties have little
effect on the VCRS ir-reversibility. Thus, TiO2
in VCRS with
reciprocating compressor to considerably reduce
irreversibility at the process. R. Krishna
Sabareesh, 2012, studied the coefficient of

nanoparticles can be used

performance of a refrigeration system can be

improved if a reduction in the work of
compression can be achieved by a suitable
technique, for a specified heat removal rate. The
present the effect of

study investigates

dispersing a low concentration of TiO2
nanoparticles in the mineral oil based lubricant,
on its viscosity and lubrication characteristics, as
well as on the overall performance of a Vapor
Compression Refrigeration System using R12
(Dichlorodifluoromethane) as the working fluid.
An enhancement in the COP of the refrigeration
system has been observed and the existence of
an optimum volume fraction noticed, with low
concentrations of nanoparticles suspended in the
mineral oil. The physics involved in the
interaction of nanoparticles with the base fluid
has been further elucidated by estimating the
Optical Roughness Index using a Speckle
Interferometer, by performing measurements on
the pin surface following tests with a Pin-on-
Disk tester. Is to compare the work of
compressor when lubricated with nanolubricant
(nanoparticles of Tio, dispersed in mineral oil)

with its work when lubricated with mineral oil
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only, to evaluate the enhancement in the
coefficient of performance of the air conditioner
system.
2. THEORETICAL ANALYSIS

A window type Air-Conditioner system
consists of a compressor, condenser, expansion
valve and evaporator that are connected in a
closed loop through piping that has heat Transfer
with the surroundings, as shown in Fig. 1.
Therefore, the rate of heat transfer to the cycle at
the low temperature, in the evaporator, can be
written as, ASHRAE, 2009.

Qe = m((hz — hy) (1)
where: Q. = Cooling duty gained in evaporator
(kW).

Similarly, the rate of heat transfer between the

refrigerant and the sink in the condenser is

Qc = m((hs —hy) (2)

By applying the first law of thermodynamics,the
work input to the compressor can also be

expressed as

We =m((hy — h3) 3)
where h, is the enthalpy of refrigerant at the
outlet of compressor (kJ/kg).

The Compressor input power (Wc, kJ/s) is given
as
Wc=1V COS 6 4)
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where COS © = power factor=0.7 ,Ministry of
Electricity in Iraq, | is the current in Amper,
and v is the voltage in Volt.

Defining the COP as the refrigeration effect over

the compressor work, we get

COP = Qe/Wc 5)

3. EXPERIMENTAL APPARATUS

3.1. General Description

The used experimental rig is comprised of
a window type air condition which was built for
the objective of the present work. A Mitsubishi
trade mark of 2-ton window type Air-
Conditioner WRC-
1801K3SA) is selected to be as a test rig. The
overall physical external dimensions of the
(42.8x42.4%8.2)

condenser are (60x42.4x8.2) cm. Fig.2 shows

cooling unit  (model

evaporator are cm, and
photographs of the unit, and manifests the
instrumentation and measurement tools. The unit
is powered by a reciprocating compressor
(Mitsubishi co., model JAH5522E-RE68295A).
As designed, the SAC is utilized R22 as a
circulating refrigerant and a 3 GS Mineral
lubricating oil. All components of the unit are
connected by copper tubing with brazed

connection.
3.2. Measuring Instruments

A Bourdon gauge type "AIMINDER"

shown in Fig.3 was used to measure the
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refrigerant side pressure at different locations,
including pressure drop across the evaporator
and condenser as shown in Fig.2. Two pressure
gauges were installed on the high pressure side
having a range of (0 to 500psi), the division (5
psi), and two pressure gauges installed on the
low pressure side having range (-30 to 220psi),
the division (2 psi).The temperature of the
refrigerant is measured by three temperature
gauges were installed on the refrigerant to
measure the temperature of the refrigerant at
different position. The technique used is by
installing the thermometer immersed through the
flow as shown in Fig.2. This method provides a
direct contact between the bulb and the
refrigerant to give more accurate measured
values for temperature measurements. Fig.4
shows temperature gauge were installed on the
high pressure side and low pressure side. These
where manufactured by
HEIZUNGWILDMANN with a temperature
range of (0 to 120 °C ) at a division of (2°). The
current was measured by digital clamp meter,
type (266 Digital clamp meters).Voltage is
measured by using Multimeter type (PRO’SKIT
345) the obtained

where measuring is

continuously. All temperature and pressure
gauges used for experiments were calibrated
in the Central Institution for Standardization

and Specify Control with error £ 0.4 % for
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temperature gauge and error 0.3 % for

pressure gauge .

4. PREPARATION OF NANOFLUID

In this study two-step has been used to
prepare of nanofluid. This method require
produce nanoparticle firstly and then mixing
with the base fluid. The first step Titanium
Oxide TiO,

specification(20 nm mean diameter, 3900 kg/m3

is used as nanoparticle with

density, 8.9 w/m.°C Thermal conductivity and
886.2 J/kg.°C  Specific heat. The second step
The ultrasonic mixer is shown in Fig.5 have its
JP-120ST,
Ultrasonic Frequency 40 kHz , Ultrasonic Power
720 Watt , Capacity 38 liter and Heating Power

specifications are given (Model

800 Watt. Twelve transducers are used at the
bottom of the bath, drain valve and basket; the
transducers convert the electrical signal with low
frequency (50 Hz) to high frequency (40 kHz)
mechanical vibrations. The valve for emptying

the tank and basket used to put the flask on it.

5. NANOPARTICLES VISCOSITY

The viscosity of the mineral oil relates
indirectly to the load carrying capacity and
power consumption rate of the compressor used
in refrigeration system. The addition of foreign
particles in the mineral oil alters the viscosity of
the oil. Lee et al., 2009, found that addition of
fullerene nanoparticles increased the viscosity of
oil, and the enhancement was proportionate to
the wvolume fraction. From the tribological

characteristics of bearings, it is known that in a
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boundary lubrication system, an optimum level
in the viscosity enhancement can result in a
notable reduction in the power consumption, Bi,
Sheng Shan, 2008, Jwo,
2009,and Sajith, V 2010 .Considering these

observations, the addition of nanoparticles must

Ching Song,

be low enough to make the process viable and
effective; in reducing the power consumption.
An optimal percentage of nanoparticles in the
mineral oil is 0.01% volume fractions of TiO2
nanoparticles, R. Krishna Sabareesh, 2012.
Fig.6 shows optimal percentage of TiO2

nanoparticles in mineral oil 200 h after

preparation .

6. RESULTS AND DISCUSSIONS
The results of performance comparison of
R22  without

nanoparticles and with nanoparticles in the

the investigated refrigerants
window type air-conditioning system are shown
in Figs. 7 to 10. The result of the system
compression ratio obtained at different ambient
air temperatures for refrigerant R22 without
nanoparticles and with nanoparticles is shown in
Fig. 7. From the figure it was observed that the
pressure ratios for the investigated refrigerants
increased with the increase of ambient air
temperature. Increase ambient air temperature
will increase the temperature gradient between
ambient air and conditioned room, which will
increase the work of compressor and the
compressor pressure ratio. Fig. 8 shows the
variation of the compressor power with ambient

air temperature of R22 without nanoparticles
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and with nanoparticles. From the figure, it can
be deduced that compressor power increases as
the ambient air temperature increases. This is as
a result of the dependence of compressor power
on the outside temperature. Increase in the
outside temperature increased the load on the
system which increased the compressor power.
The average compressor input power for R22
with nanoparticles was (2.1 to 13.3) % lower
The
discharge

than that of R22 without nanoparticles.
the
temperature with ambient air temperature for
R22 with

nanoparticles is shown in Fig. 9. As depicted in

variation  of compressor

without  nanoparticles and
the figure, the compressor discharge temperature

increases as the ambient air temperature
increases for R22 without nanoparticles and with
nanoparticles. Increase in discharge temperature
is as a result of increase in the work of
compressor due to increase in the ambient air
temperature. The average compressor discharge
temperature for R22 with nanoparticles was
(3.33 t0 8.95) % lower than that of R22 without
nanoparticles. Fig. 10 shows the variation of
COP with varying ambient air temperature for
the investigated. This figure indicates that when
ambient air temperature increases the COP
reduces for both R22 without nanoparticles and
COP s

proportional to the power input through the

with  nanoparticles. inversely
compressor, therefore, increase in compressor

power due to increase in ambient air temperature
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reduces the COP of the system. The average
COP for R22 with nanoparticles was (7.93 to
11.99 ) % higher than that of R22 without
nanoparticles.

7. CONCLUSION

In this paper the performances of refrigerant

R22  without nanoparticles and  with
nanoparticles in the window type air-
conditioning  system  were investigated

experimentally and compared. Based on the
investigation results, the following conclusions

are drawn:

e The COP of R22 with nanoparticles is 7.93
to 11.99 % higher than that of R22 without
nanoparticles.

e The compressor discharge temperature of
R22 with nanoparticles lower than that of
R22 without nanoparticles.

e The average compressor input power for
R22 with nanoparticles was (2.1 to 13.3) %

lower than that of R22 without
nanoparticles.
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Figure 1. Schematic of a window type air-conditioner cycle.

Figure 2. Photograph of test apparatus.
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Figure 3. Pressure gauges.

Figure 4. Temperature gauge. Figure 5. Ultrasonic mixer with electric motor.
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Figure 6. 0.01% Volume fractions of TiO2 nanoparticles in
mineral oil 200 h after preparation.
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ABSTRACT

Experimental and numerical investigations of the centrifugal pump performance at non-cavitating and
cavitating flow conditions were carried out in the present study. Experiments were performed by applying a
vacuum to a closed-loop system to investigate the effects of the net positive suction head available (NPSHa),
flow rate, water temperature and pump speed on the centrifugal pump performance. Accordingly, many of the
important parameters concerning cavitation phenomenon were calculated. Also, the noise which is
accompanied by cavitation was measured. Numerical analysis was implemented for two phase flow (the water
and its vapor) using a 2-D simulation by ANSYS FLUENT software to investigate the internal flow of
centrifugal pump under cavitating conditions. It was observed that with decreasing NPSHa, the values of the
pump head, flow rate and efficiency initially remain constant, but with further reduction in NPSHa these
parameters will decrease. Also, it was found that at 3% head drop the percentage drop of the flow rate is less
than 2% whereas the percentage drop of the efficiency is greater than 3%. Numerically, it was noticed that the
cavitation regions appear at the leading edge of suction side of the impeller blades which represents the lowest
pressure area inside the computational domain of the centrifugal pump.

Key words: centrifugal pump, cavitation, NPSH, FLUENT, experiments
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1. INTRODUCTION

In many engineering applications, cavitation
represents the subject of extensive experimental
and numerical researches because it is one of the
most serious problems encountered in the operation
of pumps. Cavitation refers to the formation of
vapor bubbles in regions within the flow field of a
liquid, when the liquid absolute pressure drops to
reach the wvapor pressure corresponding to the
operating temperature of this liquid. In some
respects, it is similar to boiling except that the latter
is generally considered to occur as a result of an
increase of temperature rather than a decrease of
pressure, Brennen, 1994. Cavitation occurs in any
situation where fluid is moving relatively to a solid
surface (particularly impeller and casing). As the
vapor bubbles are transported through the impeller,
they reach a zone of higher pressure where they
collapse abruptly. If the collapse occurs on the
surface of a solid, the liquid rushing in to fill the
vacuous space left by the bubbles impacts tiny
areas with tremendous localized pressures and
thereby pits and erodes the surface. Cavitation
reduces pump head, capacity and efficiency
because a large number of vapor bubbles will block
the impeller channels, which leads to a sudden drop
in the pump performance at the cavitation critical
point. In addition to the pitting and erosion,
cavitation can also cause noise and vibration,
Sanks, et al. 1998. Cavitating flows in centrifugal
pumps were studied by experimental and numerical
methods. Guelich, in 1989 introduced an
experimental study dealt with the erosion rate in an
impeller of a centrifugal pump based on cavity
length and he correlated damaged impellers by
deducing the cavity length ,Sloteman 2007,and .
Harihara, and Parlos, 2006, presented an
experimental study of the sensor less approach to
detect variable levels of cavitation in centrifugal
pumps. The onset of pump cavitation was detected
using only the line voltages and phase currents of
the electric motor driving the pump. Cernetic, et
al., 2008 introduced experimentally the detection
and monitoring of cavitation in centrifugal pumps
by using noise and vibration signals. It was found
that the noise and vibration levels increase with
decreasing NPSHa value. Houlin, et al., 2010,
presented a numerical simulation and experimental
verification dealt with the effects of blade number
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on characteristics of a centrifugal pump in non-
cavitation and cavitation conditions. It was noticed
that with the increase of blade number, the area of
low pressure region grows continuously, where the
clog phenomenon becomes obvious in flow passage
of impeller with the more blade number.

2. EXPERIMENTAL WORK

An experimental work was carried out to
investigate and study the cavitation phenomenon
and its effect on the centrifugal pump performance
at different operation conditions. The experimental
rig was designed and installed in this work, which
allows to carry out the experiments by applying a
vacuum to a closed-loop system where this method
is usually used to attain cavitation phenomenon in
the pumps. Fig. 1 shows schematically the
experimental rig, and this rig is shown
photographically in Fig. 2. The test pump is a
horizontal single-stage volute casing centrifugal
pump with an open radial impeller which has three
blades. As shown in Fig.1l, the test pump is
connected to the cylindrical vacuum tank which in
turn is connected to the single stage dry vacuum
pump which used to achieve the required vacuum
inside the system. An electrical heater (with
thermostat) was attached to the tank to change the
temperature of water (the working fluid) for
different operation conditions. A transparent
Perspex pipe was installed in the suction pipe to
observe the water that coming from the vacuum
tank to assure that there are no bubbles present in
the flow. In order to change the speed of the
centrifugal pump, a motor speed controller was
attached to the test rig to vary the pump speed to
the desired value. The flow rate was adjusted by
using the discharge gate valve.

Numerous measuring devices were used in this
work, which are as follows: flow meter (rotameter)
to measure the water flow rate, pressure gauges to
measure the pump suction and discharge pressures
and also the vacuum tank pressure, thermometer to
measure the water temperature, digital photo
tachometer to measure the pump speed, digital
sound level meter (decibel meter) to measure the
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pump noise and digital clamp meter to measure the
voltage and current of the pump motor.

Different experiments were carried out on the
experimental rig which involve changing the flow
rate with values (10.95, 11.95, 12.95, 13.95 and
14.95 m3/h), water temperature with values (25.5,
35.5 and 45.5 °C) and pump speed with values
(2560 and 2660 rpm), as well as the effect of
decreasing NPSHa with range (10 to 1 m) which
occurs as a result of vacuum process to investigate
the effect of these parameters on the centrifugal
pump performance at non-cavitating and cavitating
flow conditions. Cavitation condition was adjusted
by decreasing NPSHa (i.e., pump suction pressure)
at the pump suction port as a result of vacuum
process.

After accomplishing all of the experiments and
the experimental readings were recorded, the
calculations were performed to predict the
centrifugal pump performance and the equations
that used to analyze the experimental readings and
to calculate the parameters are illustrated below:

The total pump head (H) of the centrifugal
pump is calculated as follows Kubota, 1972:

Pa—Ps
pg

H= + Height difference between

measuring points

1)

The net positive suction head available
(NPSHa) can be computed by the following
equation (White 1998):

2
NPSHa = Pe 1 ¥ _Pv 2)
Pg 29 pg
There are two important parameters are usually
used in the cavitating flow field, which are Thoma
cavitation number (gr,) and cavitation number

(o), and these two dimensionless numbers are
defined as follows, Schiavello and Visser, 2008:

_ NPSHa
OTH H

@)
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PS_PV
c=

= (4)

zpU?
where U is the inlet-blade tip speed = QRir , and
Rir represents the inlet-blade tip radius.

Another parameter called suction specific
speed ( Nss ) which is a dimensionless quantity that
describes the suction characteristics of a pumping
system. This parameter can be computed by the
following equation, Schiavello and Visser, 2008:

Ss = & (5)
(g NPSHa)*

The pump efficiency (np) which represents the

hydraulic efficiency is calculated as follows,
Girdha and Moniz, 2005:

_Pu_ pgQH

== (6)
Pu VlcosOn,

P

Where, Py is the pump hydraulic power (water
horsepower) and Py, is the motor power (brake
horsepower).

Because the inlet and outlet boundaries of the
computational domain in the numerical simulation
were considered to be at the suction and discharge
ports of the centrifugal pump and for comparison
between the experimental and numerical results, the
pressure measuring points in the experimental work
also were considered to be at these boundaries,
where the head loss due to friction in the suction
and discharge pipes between pressure gauges and
the suction and discharge ports of the pump was
taken in consideration.

Among the mentioned parameters, the most
common parameters that are widely utilized to
describe the cavitation progress stages are NPSHa,
(o7y) and (o). Therefore, in the present study the

values of NPSHa and (o) were utilized for

comparison with the other parameters, where some
parameters were plotted versus the NPSHa and the
remaining were plotted versus the (g1 ) especially

with the dimensionless parameters. It is important
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to note that all curves were plotted to terminate at
the critical point that corresponding to the 3% drop
in pump head (i.e., at NPSHr value), where this
point can be determined experimentally by
reducing the pump suction pressure below the
critical pressure and then determining the critical
point for each curve after calculating the value of
3% head drop.

3. NUMERICAL SIMULATION

The numerical work of the present study aims
to analyze the -cavitating behavior inside the
centrifugal pump by using a numerical simulation
which represents an important tool to disclose the
mechanism of cavitation characteristic in pumps.
To do this, ANSYS FLUENT software release 13.0
was used to simulate the two phase flow (the water
and its vapor) inside the centrifugal pump. The
cavitation model implemented in FLUENT is based
on the so-called “full cavitation model” which
developed by Singhal, et al. in 2001 ,Stuparu, et
al. 2011 and it accounts for all first-order effects
like phase change, bubble dynamics, turbulent
pressure fluctuations and non-condensable gases.
Cavitation was modeled in this work with the help
of homogeneous mixture multiphase model. The
standard (k-&) turbulence model and SIMPLEC
algorithm were chosen in FLUENT.

In the present work, a 2-D model of the
centrifugal pump including a spiral volute casing
and curved blades impeller was implemented. The
geometry of the pump was created by using
professional software “SolidWorks”, version 2011.
The meshes required for the calculations were
generated by wusing the CFD pre-processing
package, “GAMBIT”, wversion 2.4.6. An
unstructured 2-D triangular-pave mesh was used for
the generation on the computational domain surface
as well as a boundary layer mesh was created
around the blades. The created computational
domain of the centrifugal pump has three zones:
inlet zone (pump inlet port), blades zone (pump
impeller) and outlet zone (volute casing and pump
outlet port), and the total number of nodes in the
domain are 24927. The geometrical parameters of
the used impeller are shown in Table 1.
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Table 1. Geometrical parameters for the used impeller.

Parameter Value
Blade shape Circular arc
(non-twisted)
Impeller inlet diameter (mm) 46
Impeller outlet diameter (mm) 120

Blade thickness (mm) 3

Blade inlet width (mm) 115
Blade outlet width (mm) 115
Number of blades 3

In this work, the study by FLUENT was
implemented with two boundary conditions. The
first boundary condition is (pressure inlet-pressure
outlet) which was employed to plot many contours
to illustrate the cavitation regions inside the
computational domain under different conditions.
The second boundary condition is (velocity inlet-
pressure outlet) which was employed to make
FLUENT software predicts the inlet pressure of the
pump and hence important parameters can be
predicted numerically. Both boundary conditions
are based on the experimental results.

4. RESULTS AND DISCUSSION
4.1 Experimental Results

Fig. 3 indicates the influence of NPSHa on the
pump head for different flow rates, which shows
that when the NPSHa decreases, the head values
initially remain approximately constant (no
cavitation is present at this stage). A further
reduction in the NPSHa will decrease the head,
where this process continues until the 3% drop in
head has been reached. Reducing NPSHa means
that decreasing the inlet pressure (suction pressure)
of the pump according to Eq.2, and this will result
in creating and growing the regions of vapor
bubbles inside the pump. A large number of vapor
bubbles will block the impeller channels, which
leads to a sudden drop in the pump head. This
figure also illustrates that when the flow rate
increases, the NPSHa decreases because the pump
inlet pressure will decrease with increasing the flow
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rate (due to increasing the velocity of flow).
Although the pump inlet velocity increases with
increasing the flow rate, but this increasing in inlet
velocity will be smaller than the decrease that
occurs in the inlet pressure, so NPSHa will decrease
as the flow rate increases according to Eq.(2). In
addition, it is found that the value of NPSHr (which
indicated by black dot) increases with increasing
the flow rate where the inlet critical pressure
increases  with increasing the flow rate.
Accordingly, it is concluded that NPSHa is
inversely proportional to flow rate, whereas NPSHr
is directly proportional to flow rate. According to
the numerical results, the inception of cavitation
occurs at NPSHa (which called NPSHi) is
approximately equal to (3.22 m) for flow rate
(12.95 m*/h), where the flow with NPSHa less than
(3.22 m) represents a cavitating flow for all flow
rates as indicated in this figure.

Fig. 4 indicates the influence of NPSHa on the
pump head for different temperatures, which
illustrates that the values of both NPSHa and
NPSHr decrease with increasing the temperature
because the vapor pressure will increase with
increasing the temperature, where vapor pressure is
a direct function of temperature. This figure also
shows that there are no significant changes in the
head values with increasing the temperature at the
studied values.

Fig. 5 indicates the influence of NPSHa on the
pump head for different pump speeds, which shows
that decreasing the speed leads to increase the
NPSHa and decrease the NPSHr; where the
decrease in speed leads to increase the pump inlet
pressure and decrease the inlet critical pressure.
Also, it is seen that decreasing the speed leads to
decrease the head because the pump outlet pressure
(discharge pressure) will decrease with decreasing
the speed, where the decrease in outlet pressure will
be greater than the increase in inlet pressure which
occurs as a result of decreasing the speed.

Fig.6 indicates the influence of NPSHa on the
pump flow rate for different flow rates, which
illustrates that the flow rate curves have the same
behavior of the head curves concerning the effect of
decreasing NPSHa which leads to a sudden drop in
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the pump flow rate due to blocking the impeller
channels with vapor bubbles.

Through comparative study of Figs.3 and 6
concerning the influence of decreasing NPSHa on
the head and flow rate curves, it has been attributed
to the fact that when the 3% drop in head has been
achieved, the percentage of flow rate drop is less
than 2% at the same critical point. As an example,
in Fig.7 which shows the influence of decreasing
NPSHa on the head and flow rate curves for the
case of flow rate (12.95 m*h), this figure clearly
shows that the percentage of drop for flow rate is
less than that in the head which is equal to 1.16%
for this case. This can be explained that the pump
head has higher sensitivity to cavitation than flow
rate.

Fig. 8 indicates the influence of NPSHa on
the pump efficiency for different flow rates, which
shows that the efficiency curves have the same
behavior of the head and flow rate curves
concerning the effect of decreasing NPSHa, where
the percentage of efficiency drop at 3% head drop
is more than 3% because the drop in both the head
and flow rate has been considered in calculating the
efficiency according to Eq. (6). As an example, the
percentage of efficiency drop for the curve with
flow rate (12.95 m%h) is equal to 4.08%. This
figure also shows that the curves with flow rates
(11.95 and 12.95 m*/h) have the highest efficiency
values, and the curves with flow rates (10.95 and
13.95 m%h) come below them, while the curve with
flow rate (14.95 m*h) has the lowest efficiency
value. The reason for this is that the two highest
efficiency curves have flow rates that are too close
to the best efficiency point (BEP) flow rate;
whereas the other three curves have flow rates
relatively far from the BEP flow rate. It is quite
apparent that the BEP flow rate is located between
the flow rates (11.95 and 12.95 m*/h).

Fig.9 indicates the influence of NPSHa on the
Thoma cavitation number for different flow rates,
which illustrates that the Thoma cavitation number
decreases linearly as NPSHa decreases because it is
directly proportional to NPSHa according to
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Eq.(3). Also, it is shown that when the flow rate
increases the Thoma cavitation number increases
too because the increase in flow rate causes a
reduction in the head which leads to increase
Thoma cavitation number. Although the increase in
flow rate will result in decreasing the NPSHa as
discussed previously, but the decrease in head will
be greater than that in NPSHa as a result of
increasing the flow rate. Also, this figure illustrates
that the critical point of the Thoma cavitation
number (at 3% head drop) increases with increasing
the flow rate because this critical point has been
calculated according to NPSHr which is directly
proportional to flow rate.

Fig. 10 indicates the influence of NPSHa on
the pump noise level for different flow rates, which
shows that when the NPSHa decreases the noise
level increases, where the noise level starts to
increase rapidly at NPSHa is approximately (9 m),
and this behavior continues with decreasing NPSHa
until it reaches approximately (6 m), then noise
level increases slowly until NPSHa reaches
approximately (3 m), after that the noise level starts
again to increase rapidly with decreasing NPSHa
due to a large number of vapor bubbles will
collapse as they enter the region of higher pressure.
This figure also shows that the difference in the
pump noise level between non-cavitating and
cavitating flow (at 3% head drop) is about 8 dB.
Also, it is seen in this figure that the noise level
decreases slightly with increasing the flow rate.

Fig.11 indicates the influence of Thoma
cavitation number on the cavitation number for
different flow rates, which illustrates that the
cavitation number decreases linearly as Thoma
cavitation number decreases that is because
cavitation number depends on the pump inlet
pressure according to Eg. (4), and Thoma
cavitation number is directly proportional to
NPSHa which in turn depends on the inlet pressure.
Also, it is shown that the cavitation number
decreases with increasing the flow rate because the
pump inlet pressure decreases with increasing the
flow rate (due to increasing the velocity of flow).
On the other hand, the critical point of the
cavitation number (at 3% head drop) has been
calculated according to the pump inlet pressure that
corresponding to the NPSHr, hence it increases
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with increasing the flow rate as shown in this figure
because NPSHr is directly proportional to flow rate.

Fig.12 indicates the influence of Thoma
cavitation number on the suction specific speed for
different flow rates, which shows that the suction
specific speed increases nonlinearly as Thoma
cavitation number decreases. Decreasing Thoma
cavitation number means that decreasing NPSHa as
discussed previously, and according to Eq.(5) the
suction specific speed is inversely proportional to
NPSHa, hence decreasing any of these two
parameters (Thoma cavitation number or NPSHa)
leads to increase the suction specific speed. Also, it
is shown that the suction specific speed increases
with increasing the flow rate because it is directly
proportional to flow rate. On the other hand, the
critical point of the suction specific speed (at 3%
head drop) has been calculated according to
NPSHTr, hence this critical point decreases with
increasing the flow rate, where the effect of NPSHr
will be slightly greater than the flow rate in Eq.(5).

4.2 Numerical Results and Comparison

Figs. 13 to 15 indicate the influence of
decreasing NPSHa on the inception and growth of
cavitation regions (vapor regions) inside the
computational domain of the centrifugal pump
according to the first boundary condition. Figs. 13,
14 and 15 illustrate the computational domain at
NPSHa values (3.22 m), (2.27 m) and (1.45 m)
respectively. In these figures, it is shown that the
cavitation regions appear at the leading edge of
suction side of the impeller blades which represents
the lowest pressure area inside the domain and the
area of these regions expands as a result of
decreasing NPSHa, where the value of NPSHa
(2.45 m) is equal to NPSHr according to the
experimental results of this test. On the other hand,
it was found that these cavitation regions expand
with increasing the temperature whereas they
reduce with decreasing the speed because the
NPSHa decreases with increasing the temperature
and it increases with decreasing the speed as it is
concluded in the experimental results.

Fig. 16 indicates the influence of decreasing
NPSHa on the head numerically according to the
second boundary condition. In this figure, it is
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shown that the head remains approximately
constant with decreasing NPSHa, but with further
reduction in the NPSHa the head will decrease,
where this process continues until the 3% drop in
head has been reached. After the critical point, the
drop in the head will be more rapidly with
decreasing NPSHa.

Fig. 17 shows the comparison between the
experimental and numerical result of the (Head-
NPSHa) curve, which illustrates that the numerical
head curve follows the same behavior of the
experimental head curve but with some differences
between them, where the numerical curve falls
below the experimental curve with an average
difference of (9%), and its critical point exceeds the
critical point of the experimental curve with a
difference of (16.6%). The difference between the
numerical and experimental result in this figure is
may be due to simplifying the solution of this

simulation  from three-dimensional to two-
dimensional approach.
5. CONCLUSIONS

The main study conclusions can be

summarized as follows:

(1) With decreasing NPSHa, the pump head, flow
rate and efficiency will decrease where it was found
that at 3% head drop, the percentage drop of flow
rate is less than 2% whereas the percentage drop of
efficiency is greater than 3%.

(2) NPSHa decreases with increasing the flow rate
and temperature and it increases with decreasing
the speed, whereas NPSHr increases with
increasing the flow rate and it decreases with
increasing the temperature and decreasing the
speed.

(3) Pump noise level increases with decreasing
NPSHa and flow rate.
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(4) Cavitation regions appear at the leading edge of
suction side of the impeller blades which represents
the lowest pressure area inside the computational
domain of the centrifugal pump, where these
cavitation regions expand with decreasing the
NPSHa and increasing the temperature whereas
they reduce with decreasing the speed.

B Waterlevel |
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,,,,,,,,,, 1
w %f
1 GIolw
,,,,,, ==-m27]
% J
I me
11
EO {—IB

1 Centrifugal Pump (Test Pump) 11 | Transparent Perspex Pipe

2 Vacuum Tank 12 | Pneumatic Valve (0.5 in)

3 Vacuum Pump 13 | Motor Speed Controller

4 Suction Pressure Gauge 14 | Electrical Heater & Thermostat
5 Discharge Pressure Gauge 15 al::]r;g & Ventilation Opening
6 Flow Meter (Rotameter) 16 | Suction Pipe (1.5 in)

7 Tank Pressure Gauge 17 | Discharge Pipe (1.5 in)

8 Thermometer 18 | Water Level Indicating Hole

9 Suction Gate Valve (2 in) 19 | Drain Hole

10 | Discharge Gate Valve (1.5 in) 20 | Stainless Steel Strainer

Figure 1. Schematic representation of the experimental
rig.
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Figure 2. Photograph of the experimental rig.

Exp. Results: Temp= 35.5 °C, N= 2660 rpm
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Figure 3. Influence of NPSHa on the head for different flow rates.
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Exp. Results: Q=12.95 m3/h, N=2660rpm
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Figure 4. Influence of NPSHa on the head for different temperatures.
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Figure 5. Influence of NPSHa on the head for different speeds.
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Figure 6. Influence of NPSHa on the flow rate for different flow rates.
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Figure 7. Influence of NPSHa on the head and flow rate.
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Figure 9. Influence of NPSHa on the Thoma cavitation number for different flow rates.
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Exp. Results: Temp=35.5°C, N= 2660 rpm
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Figure 10. Influence of NPSHa on the pump noise level for different flow rates.
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Figure 11. Influence of Thoma cavitation number on the cavitation number for different flow rates.
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Figure 12. Influence of Thoma cavitation number on the suction specific speed for different flow rates.
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Figure 13. Cavitation regions (NPSHa = 3.22 m, 35.5 °C and 2660 rpm).
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Figure 14. Cavitation regions (NPSHa = 2.27 m, 35.5 °C and 2660 rpm).
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Figure 15. Cavitation regions (NPSHa = 1.45 m, 35.5 °C and 2660 rpm).
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Num. Results: Temp= 35.5 °C, Q= 10.95 m3/h, N=2660 rpm
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Figure 16. Influence of NPSHa on the head.
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Figure 17. Comparison between experimental and numerical (Head-NPSHa) curve.
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NOMENCLATURES

g = Acceleration due to gravity (m/s?)

H =Pump head (m)

I = Current (amp)

K = Turbulent kinetic energy (J/kg)

N = Rotational speed (rpm)

NPSHa = Net positive suction head available (m)
NPSHi = Incipient net positive suction head (m)
NPSHr = Net positive suction head required (m)
Nss = Suction specific speed

P = Static pressure (Pa)

Px = Pump hydraulic power (watt)

Pm = Motor power (watt)

Q = Volumetric flow rate (m%s)

Rit = Inlet-blade tip radius (m)

Temp = Temperature (°C)

U = Inlet-blade tip speed (m/s)

V =Voltage (volts)

V = Average velocity of flow (m/s)

Greek Symbols

& = Turbulent dissipation rate (J/kg)
Ne = Motor efficiency

n, = Pump efficiency

Experimental and Numerical Study on Cavitation Effects

in Centrifugal Pumps
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€cos 0 = Power factor
p =Density (kg/ m®)
o = Cavitation number

orn = Thoma cavitation number

Q = Angular speed = TN/30 (rad/s)

Subscript Symbols

d = Discharge
S = Suction
V = Vapor

Abbreviations

BEP = Best Efficiency Point
CFD = Computational Fluid Dynamics
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ABSRACT

In this work a study was made in centrifugal fan blower to investigate the effect of impeller blade design
on sound pressure level (SPL). Shroud and unshroud impeller of nine blades are used. The sound
generation from flow inside the test rig at different positions was displayed by using spectral analyzer.
The experiments were carried out in anechoic chamber with small holes in its walls, under ambient
condition about (25-27) C ° to avoid the effect of temperature on the sound pressure level. The results
showed that (SPL) decreased with the increase of distance from the source about (3-4)dB when distance
varied about (0.8-1.06)m, and the (SPL) decreased with the decrease of velocity about (8-12)dB when
velocity varied between (13000-2600) r.p.m., and when the velocity remain constant (SPL) increased
with the increased of pressure about (7-15)dB when the pressure varied between (36-8)mbar. For the
purpose of comparison, two types of impellers were tested under same conditions, the results showed that
(SPL) increased when shroud used on the impeller. The mathematical results show good agreement with
the experimental results. The study also concluded a spectral analysis of the noise generated using 1/3
octave band filter. The analysis showed that (SPL) increased with frequency range of (0.8-400) Hz. The
maximum sound pressure level was appeared clearly in the frequency range between 200 — 400 Hz .

Key words: centrifugal blower; noise; frequency; rotational speed; static pressure; flow rate
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1. INTRODUCTION

In industrial ventilation applications, noise can
be a significant concern. High acoustic levels
promote worker fatigue. The noise generated by
a fan depends on fan type, airflow rate, and
pressure. Inefficient fan operation is often
indicated by a comparatively high noise level
for a particular fan type. If high fan noise levels
are unavoidable, then ways to attenuate the
acoustic energy should be considered.
Centrifugal turbo machines are common devices
used in many flow control applications due to
their ability to achieve relatively high-pressure
ratios in a short axial distance compared with
axial fans. They are often found in gas turbine
engines, heating ventilation and air-conditioning
systems and pumps. Because of their
widespread use, the noise generated by these
machines causes one of the serious problems.
The noise is often dominated by tones at the
blade passage frequency and its higher
harmonics. This is a consequence of the strong
interactions between the flow discharged from
the impeller and the cut-off in the casing. In
addition to the discrete tones, the broad band
noise is generated from the trailing edge due to
the fluctuations of the turbulent boundary layers
or separated flows on the impeller blade, Jeona
and Leeb, 2002.

Acoust, J., 1978, studied the Sources of
broadband noise in FC (forward curved blades)
centrifugal fans experimentally using a 0.28m
diameter fan. Strong tangential and axial
gradients of mean velocity and static pressure
were found in the housing. Very large variations
in velocity and velocity fluctuations occurred
across the blade passages. Both the inlet and
discharge rotor noise showed a continuous
reduction in level with flow from maximum
flow to the stall region. A miniature microphone
mounted at various points on the blade surfaces
showed a large increase in pressure fluctuations
from the leading to the trailing edge of the
blades. The fluctuations on the suction surface
were much stronger than those on the pressure
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surface. Choi, 1993, Identify which aspects of
the fluid dynamics were associated with noise
generation in centrifugal turbo machinery.
Research emphasis was placed on the generation
of noise at frequencies other than the blade
passage tones. In order to avoid noise generated
by the interaction of the discharged flow and
stationary objects outside of the impeller,
experiments were performed on a centrifugal
impeller without diffuser and casing. With this
discharge configuration, the radiated noise
spectra were show to be dominated by
harmonically related broad humps at low
frequency. These were proven to be generated
by the interaction of a coherent unsteady flow
structure rotating around the impeller discharge
and the trailing edges of the impeller blades.
Xiaoliang, et al., 2008, reduce the noise of the
T9 19No0.4A centrifugal fan, whose impeller
had equidistant forward swept blades, two new
impellers with different blade spacing were
designed and an experimental study was
conducted both the fans aerodynamic
performances and noise were measured when
the two redesigned impellers were compared
with the original ones. The test results were
discussed in detail and the effect of the noise
reduction method for a centrifugal fan using
impellers with no isometric forward swept
blades was analyzed which could serve as a
reference for researches on reduction of fan
noise. Wolfram, et al., 2011, studied a typical
acoustic spectrum of a fan consists of both
broadband and tonal components; the overall
acoustic level was dominated by the tonal part,
especially the tone at blade passing frequency
(BPF) and higher harmonics. Hsien, et al.,
2011, presented a new robust multi—criteria
optimization method that employs the Taguchi
method to design and analyze an ultra-thin
centrifugal fan. The objective of this study was
to obtain the maximum volume flow rate, static
pressure, and minimum noise of a fan. The
proposed approach utilizes a combined
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orthogonal array and computational fluid
dynamics method to simulate the internal flow
field of the ultra-thin centrifugal fan. This study
employs signal-to-noise ratio and analysis of
variance to determine the Pareto-optimal robust
design solution. This research also identifies the
optimal design parameters that affect the
cooling performance of the centrifugal fan. The
experimental results confirm the effectiveness of
this approach The Taguchi method is a highly
practical tool for process design, wherein
mathematical models for system performance do
not exist. The method provides a simple,
efficient, and systematic approach to optimize
designs for performance, quality, and cost. The
Taguchi parameter design can optimize
performance characteristics by setting design
parameters, and reduces the sensitivity of
system performance to the source of variation.
Sasaki, 2012, presented a preliminary attempt
towards the prediction of the broadband noise
from the flow features, compatible with
industrial constraints. In the case of low-solidity
impeller, the wake rapidly expands in a wide
outer part of the blades under the influence of
the separation forced by the tip vortex. The
broadband noise level in the low-frequency
domain became large because the wake vortices
with large scale in the low frequency domain
were shed from the blade. Since the relative
flow of the high-solidity impeller at the
maximum efficiency point remains attached
over the blades, the strength of vortex-shedding
in the wake was reduced. Therefore the
broadband noise at the maximum efficiency
point was substantially decreased. At the off-
design point in low flow rate, the number of
blades had limited influence on the flow regime
in the wake because separation likely occurs
from the leading edge.

2. EXPERIMENTAL DEVICE

In this work, an experimental study about the
tonal noise sources in a centrifugal fan with
backward curved blades had been carried out.
Acoustic pressure measurements at the blower
exit duct and pressure fluctuation measurements
on the volute surface had been made for
different flow rates. A correlation study of both
pressure signals has been made in order to
explain some of the features of the aerodynamic
tonal noise generation. A strong source of noise
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caused by the interaction between the
fluctuating flow leaving the impeller and the
volute tongue is appreciated. The unsteady
forces exerted on the fan blades constitute
another noise generation mechanism, which
affects the whole extension of the impeller, thus
transmitting pressure fluctuations to the entire
volute casing. The relative importance of this
mechanism compared to the impeller-tongue
interaction depends on the flow rate. The fan
used in this study is a single-stage machine with
shrouded and unshrouded impeller and external
volute.

2.1 Test Rig Equipment
The Rig consists of the following main parts as
shown in Fig. 1.

2.1.1 Anechoic Chamber

Anechoic chamber is a room that has been

prepared to minimize sound reflections from

walls. The Anechoic Room is used to prevent
the undesirable outside noise to effect the test.

However, a free-field microphone can be used,

Barlow, et al., 1999, and Holman and Gajda,

1984.

The anechoic chamber is shown in Fig. 2 with

the size of 1.5m long by 1.0m wide and 0.9m

high. It consists of four parts:

1- Wooden structure of 3.5 cm thickness.

2- External wooden cover has a thickness of
8mm.

3- Sheets of cork material inside the wooden
structure have a thick of 3.5 cm.

4- Triangular sponge was used to distribute on
all sides, ceiling and floor of the room
made from wood. Each sponge has base
(10cm x10cm) and height 10 cm as shown
in Figs. 3 and 4.

There are 8 holes. Each hole is in the form of

cone have a length of 5cm and two diameters

the first diameter is 2.5cm and the second
diameter is 1.4cm, was used to put the device of

(SPL) for measuring purposes.

2.1.2 Pipes
There are two types of pipes used in this
work:
1- Rigid pipe: it is a pipe of 6.25 cm of
diameter and 2.5m length as shown in Figs. 5
and 6. An orifice meter was fixed on the
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entering pipe with manometers in each side
of the orifice meter to measure the
determined pressure across the orifice meter
for all the cases studied. A gate valve was
fixed in the existing pipe to get a specified
mass flow rate inside the system.
2- Flexible pipe: it is a pipe of 6.25cm of
diameter, and 25cm length as shown in Fig.
7. this pipe was used because of its flexibility
to insulate and absorb the blower vibration.
2.1.3 Blower
The blower model ct 60070f unshrouded rotor
type shown in Fig. 8 was used in this work; of
(a centrifugal type) which has different speed,
and the specification of the blower is shown in
Table 1.

2.1.4 The Impeller

Two type of impellers used for the test shrouded
and unshrouded. It is fitted on the rotating shaft
which is directly connected to the motor shaft.
The blades of this impeller are of backward
shape having a thickness of (3mm).

2.2 Measuring Instruments:

2.2.1 Sound level meter

Sound pressure level is the measurement of
sound strength on a logarithmic scale (base ten).
The sound level meter is shown in Fig. 9 and
has an auto range Rs-232 type K/J.

2.2.2 Sound and vibration analyzer

The SVAN 957 is digital, Type 1 sound and
vibration level meter along with analyzer. The
instrument is intended to general acoustic and
vibration measurements, environmental
monitoring, occupational health and safety
monitoring as shown in Fig. 10.

2.2.3 Digital manometer:

A p200 UL model of a digital device, used to
measure the pressure inside the inlet pipes
before, and after orifice plate, as shown in Fig.
11, its range are: Low pressure 0_19.99 mbar
and High pressure 0_100 m bar.

2.2.4 Interface temperature

The thermocouples used in this experiment were
type K and insolated. These average values of
the temperature were taken for each flow and
pressure measurement as shown in Fig. 12.
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2.2.5 Digital photo tachometer

This digital photo tachometer was used to
measuring the velocity of the blower impeller
for each flow and each pressure measurement as
shown in Fig. 13 with the applied target.

EXPERIMENTAL STEPS:

1. Operate the blower at a specified speed

2. Open the gate valve (full open)

3. Record the thermometer reading

4. Use the manometer to measure the
maximum pressure at that blower speed.

5. By controlling the gate valve, take four
readings of different pressures where
the last reading is for the maximum
pressure.

6. Record the spectrum sound analysis
using the (Svantek pc++) device in the
eight openings of the anechoic chamber
for each pressure.

Repeat steps (1- 6) for five blower speeds.

3. MATHEMATICAL MODEL

The backward inclined blower wheel design has
blades that are slanted away from the direction
of wheel rotation, Kunjur and Krishnamurty,
1997. The term applied to this type of balding is
Bl or backward inclined. Centrifugal fans are
widely used and the noise generated by these
machines causes one of the serious problems,
Beranek, 1960.

In order to calculate the radiated acoustic field
of a centrifugal fan, the modification of the
generated noise by the casing should be
considered. The unsteady flow is generated due
to the rotation of the impeller at a rotation
velocity N near a wedge. For the centrifugal fan,
the rotation of the impeller results in an inflow
across the inlet section. Let Q denote the volume
flow rate, represented by a source located at the
center of the impeller. Assuming the fluid is
incompressible and inviscid, the main feature of
the flow considered is the non-zero circulation
around every impeller blade. The impeller was
assumed to rotate with a variable angular
velocity and the flow field of the impeller is
incompressible and inviscid. The impeller has
(b) number of blades. The inlet flow is modeled
by a point source located at the center of the
impeller. A major component of fan noise for
the large commercial fan currently in service is
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the tone noise generated by the rotating blades
of the fan, as they interact with the stator blades
and the struts, Faulkner, 1976 and Bartlett,
1934.

Sound pressure level, SPL, is defined by the
relation, Faulkner, 1976.

SPL = 10log [p/pyef ]’ €

Where:

Pe=2% 107> r.m.s sound pressure (Pa)

Or
SPL = ZDlng[ i ] @)

Pref

Since the wave fronts generated with each
pulsation are always in phase, the resultant wave
motion diverges uniformly in a spherical
manner. Now, as seen previously for uniform
spherical divergence, the sound intensity | at a
distance r is given by:

I= w/4mr® (3)

Where:
w= acoustical power of the radiating source (W)

4nr? = surface area of a sphere of radius r (m?)

In addition, it can be shown that for freely
propagation plane waves, the intensity are
related to the rms sound pressure as follows:

I=p®/pc 4)

Combining the equations, to get finally, the
relationship between sound pressure and sound
power:

p%/pc=w/4mr? 5)
With a little algebra, the more useful
relationship between sound pressure level (SPL)

and sound power level L,, is obtained:

SPL=L,-20log,(r)-11 (6)

Volume 20 February 2014

91

Journal of Engineering

Where

L, = sound power level of the point source
(re10™ W)

r = radial distance from source (m)

The frequency of the discrete tones is given by:
F,=N*b/60 (7

The origin of the discrete tones results from two
sources. The first, for each time a blade passes
appoint in space, a pressure fluctuation is
created due the displacement of air and/or
aerodynamic lift if the blade is in airfoil
configuration. The broad band aerodynamic
noise originates from vortices created at the
leading and/or trailing edge of the blades and
turbulence imparted to the fluid, usually in the
form of eddy like flow. Here again the accurate
prediction of noise levels for these fans is at best
very difficult, but an empirical approximation
which provides good first-order results for the
average sound power level in the range of 500 to
400 Hz is:

L,=10 log Q +20 log P, +K (8)

Where:

K=constant depending on fan type, 35 for
forward -or backward-curved blades and 43 for
radial types.

4, RESULTS AND DISCUSSION

4.1 Experimental Results

In this work the spectral analysis of noise
emitted from centrifugal blower was studied for
different distance from the sound source in the
anechoic chamber and the effect of changing the
centrifugal blower velocity, types and pressures
on the sound pressure level (SPL) was studied.

4.1.1 Spectral analysis of noise at
different distances from the source :

Fig. 14 Shows the variation of the sound
pressure level versus the frequency in different
distances around the anechoic chamber (eight
holes), for blower have unshroud impeller with
9 blades, angular velocity of 13000 r.p.m and a
pressure of 32 mbar. It is clear that the
maximum value of the SPL is in the first
position 1(The closest distance from the source)
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and the minimum value of the SPL is in the
position of the hole at position 6 the farther
position from the source) The peak amplitude of
SPL at position land 6 can varied between (3—
4) dB, for different types of impellers.

4.1.2 Spectral analysis of noise emitted
for variable velocities:

Different types of impeller and different
distances from the source was used to explain
the effect of the variation of blower velocity on
the maximum value of SPL in all cases, the
results show that the increase of velocity caused
increase of SPL in the range of (8- 12) dB
depending on the value of velocity as shown in
Figs. 15 and16.

4.1.3 Spectral analysis of noise for
different pressures:

Spectral analysis of noise at different pressures
was studied when other parameters were taken
as constant. In all cases the only parameter
changed was the pressure. , increasing pressure
cause increase of the peak value of SPL at the
range of (8-15) dB that depends on the value of
specified pressure as shown in Fig. 17.

4.1.4 The Effect of the mass flow rate on
SPL, and Reynolds number

Five values of velocity were taken and for each
velocity the gate valve used to get four values of
the mass flow rate. Figs. 18 and 19, show that
the SPL decrease with the decrease of the mass
flow rate.
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4.2 Theoretical Results

A computer program was built to solve the
sound pressure equation by using mat lab
program. The data that controls program is
volume flow rate, static pressure and the
rotation velocity of flow. The mat lab program
was used to simulate the noise propagation Fig.
20 and Fig. 21 shows the relation between the
SPL and position from the source at different
velocity in shroud and unshroud impeller.

5. CONCLUSION

In this work many parameters were studied that
affected the sound intensity caused by a
centrifugal blower in anechoic chamber. The
following  major  conclusions  for  the
experimental and theoretical study can be drawn
as follow:

1- An increase in the sound pressure level

(SPL) with the velocity of the blower.

2- The noise resulted in the test section was in
the frequency range of 0.8 — 20000 Hz.

3- The sound pressure level increase with
frequency for the range mentioned above.

4- The maximum sound pressure level was
appeared clearly in the frequency range of
200 — 315 Hz.

5- The results show that using cover on the
blades causes increase in pressure Increase
the sound pressure level.

6- For the same number of impeller blades the
flow velocity and pressure decrease for a
light impeller material
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NOMENCLATUR
Let — .
ter Description Units
SPI Sound pressure level dB
Fn frequency Hz
p Static pressure N/m?
I Sound intensity W/m?
w Acoustl_ca_l power of W
the radiating source
pc Mass flow rate per unit Kg/s.m’
area
Sound power level of
Lw | the point source (rel0- W
12 W)
r Radial distance from m
source
N Fan rotational speed r.p.m
b Number of blades _
N Harmonic; i.e. ,n =
1(fundamental) -
Q Volume flow rate m’/s
Mass flow rate kg/s
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Table 1. Specification of the blower model ct 6007.

Radiated power input 600W
Outlet diameter 10 cm
Type of curved blade Backward curved blades
Impeller exit diameter 104 mm
The inlet and outlet 2.5cm
Pipes diameter
Impeller inlet diameter 15 mm
Number of impeller 9
blades
Speed 13000 rpm
Inlet blade angle B1= 54 from tangential direction
Outlet blade angle 2=42°from tangential
Blade thickness 2mm
Impeller thickness 3mm
Maximum thickness, 24 mm
discharge width
Length of blade 520mm
pitch 30mm
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Figure 1. Schematic diagram of experimental apparatus.
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Figure2.0utside of anechoic chamber.

Figure 3.Inside of anechoic chamber.
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Rubber Floor
All sides and
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single triangle sponge

Figure4. Sponge distribution and dimensions.

Figure 5. Inlet pipes with orifice meter. Figure 6. Outlet pipes with gate valve.

=

Figure?. Flexible pipes. Figure 8. The centrifugal blower.

98



Number 2 Volume 20 February 2014 Journal of Engineering

S T

Fiure 9. Sound analyzer.

-

Figure 11. Digital manometer. Figure 12. Digital thermometer.

Figure 13. Digital tachometer.
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ABSTRACT:

The present work considers an alternative solution for a complex configuration of rotor discs by
applying Galerkin Method. The theoretical model consists of elastic shaft carrying number of discs
and supported on number of journal bearings. The equation of motion was discretized to finite
degree of freedom in terms of the system generalized coordinates. The various effects of the
dynamical forces and moments arising from the bearing, discs and shaft were included. Rayleigh
beam model is used for analyzing the shaft while the discs are considered rigid . The validity and
convergence of the present analysis was carefully checked by comparing with the Finite Element
solution. An example of rotor consists of three different size discs and supported by two journal
bearing was considered for the numerical solution .The results shows good agreements between
the two methods ,where the maximum error not exceeds 5%. The convergence test showed that
using few modes (not more than 6) are sufficient for the accurate analysis. The forward and
backward whirl was investigated experimentally .The experimental results of a two discs rotor
,show a reasonable agreement where the maximum error not exceeds 11%. The unbalance
response, Cambpell diagram, orbit response were plotted .The effects of geometry, disc sizes ,
location and arrangement on the unbalance response and natural frequencies of three discs rotor
were further investigated .

Key words: Galerkin method, Cambpell diagram, whirl frequency, journal bearing , gyroscopic
couple
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1.INTRODUCTION

Rotors and rotary machines have a significant
application in engineering and industries. Many
catastrophic damages of machines are due to the
undesired dynamical behavior of the rotors, such
as; whirling and large deflection, resonance,
imbalance shaking forces,...etc.

In 1869, the first attempt to formulate the
dynamics of single disc rotor had been put
forward by Rankin. However the first simplified
acceptable model had been proposed by Jeffcott in
1919. From that time till now, enormous
theoretical and experimental works had been
achieved in this vast field, hence, rotor-dynamics
bibliography is much extended. A comprehensive
survey about this subject can be found in many
references such as Genta,2005.

The main Kkinds of effects contribute the
dynamical behavior of rotors; The elasticity
Jinertia and gyroscopic effects of the shaft , the
elasticity and damping of the oil film at bearings,
and the gyroscopic ,inertial (lateral and rotational)
and unbalance of the attached discs. Including all
these effects, will complicate the analysis even for
the simplest modelss Holmes,1978. The
dynamical analysis of multi disc and bearings
rotors were normally achieved via numerical

methods such as Finite Element, influence
coefficients ,state space ,lumped analysis and
transfer  matrix  method. For  example,

Geradin,1984, introduced a new Finite element
model for evaluating the natural frequencies and
dynamics response of multi disc rotos .Rao ,1994,
used the Influence coefficient method to calculate
the natural frequencies of multi disc rotor . Das
and Dutt,2012, employed state space method to
evaluate the vibration of multi disc rotors for
controlling process .

The effect of the unbalancing of multi disc rotor
on the dynamical behavior and stability was
studied by Ding ,1997 and Xie .et.al 2008 .They
used the Ilumped mass method for the analysis.
For all of the above mentioned methods ,the
accurate analysis demand four degree of freedom
for the individual station (two translations and two
rotations).Hence large number of stations are
needed for accurate numerical analysis. This lead
to a huge global matrix for analyzing the Eigen
value problem and frequency response. Analytical
methods are seldom used except for simple or
high approximated models, Adams,2010.Many
experimental works was performed to justify the
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theoretical investigation of multi disc rotors .For
example ,Flack, etal ,1981, conducted
experiment to investigate the effect of lubricant
viscosity on the response of three mass rotor .
Ding, et al.,2005, made experimental study to
predict the nonlinear dynamic behaviors of a
multi-bearing flexible rotor system.

In the present work, An alternative method for
evaluating the dynamical behavior of multi discs
and bearings rotor will be attempted . In this
method , Galerkin procedure is employed, in
which an appropriate shape functions are selected
as basis functions for performing the analysis .
Such functions take into account the -elastic
deformation of the shaft as well as the possibility
of rigid body translation and rotation.

2.THEORY

For the multi discs and bearings model shown
in Fig.1, the flexible shaft was considered to obey
Rayleigh beam, and subjected to bending
vibration at two orthogonal planes x-z and x-y.
The various forces and moments due to the
stiffness and damping of the bearing oil film, disc
inertia, rotary inertia, gyroscopic and unbalancing
for the rotor components, are shown in Fig.2.

The equations of motion of bending vibration can
be written as, Ding,2005'

o'w o*w . ow 8% v
" (5) =f,(x1)

Bl r+pA o +Cp |7( )-2plo ® 5
1)

B S O S G 2t LG 1,00
(2

Dividing Eqg. (1) and Eq. (2) by EI and arranging,
giving:
n" +ij+C - fii" — 2" = a.1,(6,7)=Q, (£ 7)

p" i+ C - i+ 200" = af,(£,7)=Q, (£, 7)

®3)
Where;
n=w/L , u=v/L, §=X/L,
=t/ WEI/pA, Q=aw, L\ pA/EI
=1/PA c+—_CL_ o=1/El
T Em
(4)
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For simplicity the following notations were used; N
v = _ijﬂ
a . a ’ j:]- 13
Z0=(y A 2 ()=() o . )
Foy =Y. Mbje’Q%sinQr
The R.H.S terms of EQ.(3) represents the = (14)
dimensionless dynamical forces due to the bearing
and discs at x-z and x-y planes. In case of, Q, they May 21:‘] 7’ (15)
are as follows; JNd
M —_ J * Y
1-bearing spring forces; RY JZ:: i
fRs - (15)
Fs; = TZ KizW(X7t): - Z K7
i=1 i=1
(5) In the above equations, the following
2- bearing damping forces: dimensionless terms are considered;
K, L® = K, L
— K-* iz = , Ki — iy
I:DZ = a chzn N El Y El
% (6) Cy =S =S
! Y T T = iz = T Ay
2- Disc translation inertial forces: PAEI ) PAEI
—a N o2 .. 3" J; m*.:mb" m,f:mj '
Frz = L ij 2 :_ijn bOpAL o PAL 7 pAL
i=1 j= ’
™ e =
3- Disc imbalances forces; L (17)

Substituting Egs.(5 to 10) into the first of Eq.(3)

Fp, = — = "Q?sinQ
L Z mb ea) Sin ot = Z mb © sin 2z giving the following equation of motion at (x-y)

j=1 i=
(8) plane;
n" +H+ C‘n BH =2 /00"

ZJ Spat( J ZJQﬂ ¥ .

= ‘\_'JEL A+ TC r'r “\_'”.u .""' _Z‘JJQIU

4-Disk gyroscopic momenIS'

©
o . L _ Nd
5-Disc rotational inertia moments; +Z‘] il Zmb e 02 sinO 7 (18)
Nd 2 Nd
- 0 oW % eey j=1 j=1
Mg, = L Z‘]jaz A Z_Z‘]jn . o .
j=1 t°\ Ox =1 Smilarly ,substituting Egs.(11-16),into the second
(10) of Egs.(3) giving the equation of motion at (x-z
Where Ny and Ny are the number of bearings and Gs.(3) giving q (x2)
discs, respectively . plane;

For the plan x-y the same procedures can be used

|v+..+c*:._ ..,,+2 Q'"
to obtain the components of the force Q, as the # H ” Pt 2y

Nb Nd « Nd =
follows: +ZK.yu+ZC,Yy+Zm,,u ZJ Qn'
Nb N 3 *b 2
= :—ZK-*,U (11) +> 3 i Zm e'Q?sinQr
Sy & iy = i1 (19)

Nb
FDY = _Zci;:a
i=1

(12)
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To introduce Galerkin scheme ,a solution in term
of the beam normal modes may be taken . Let

such solutions of eqs(18) and (19) be;
7(¢,7) = 226,(6)0: () + ¢ ()t () + 4 (S )aln (7)

HED) = D IP. @) 4w (O)pr () 1 (Do 0)

(20)

In egs.(20);9,(¢) and ¢, (¢)stand for the
normal modes of beam free vibration, ¢ and ¢@;

for translational modes and ¢, @, for rotational

modes in z and y directions, respectively.
In the absence of all the forces and moments the

normalized mode shapes¢,(¢)and ¢ () are

those of free-free beam which take the following
form, Lund et al.,1978:

$:(S) = 9, (&) =sin ,& +sinh A& — o (cos 4,4 + cosh 4,4
(21)
Where;

_sinh A, —sin A,

~ cosh A, —COSA,

/A, are the Eigen values of the free-free beam.

The normalized modes of translational
rotational modes may be taken as;

¢T(§):WT(§):1
P (&) =we(l)=¢

and

O

and

So that Eq (20) become;

7(& ) = 3 4.()0, () + Gy () + <y (7)

(22)
#(& ) =2 W (E)P. () + Py (z)+<pe(z)
(23)

Substitute Eq. (22) into Eqg. (18), and following
Galrkin procedure in which another series for the
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r modes is chosen as :

A=Y () 11+¢

Now , multiply , integrate from 0 to 1 and make
use of the orthogonally of the normal modes, the
following matrix equation can be obtained as;

[Al{a}+[BI{&} + C[BI{a} - SISH4}
_20sHp}+ (K [HHa}+ Ci[H, Ha})
037 M+ 91V, 1 9500, KY) = Ym0 cos e

(24)
By the similar procedures one can obtain from
€g.(23) and (19) the following matrix equation;

[AI{P}+[BI{B}+C [BIH P}~ AISH I}
+2/00sHa + 3 (KL IH 1P} + Gy [H 10})

Nd

+ 2T+ 351V, Kb} + 9100V 1= X mbje @7 sinew,
(25)

j=1

The elements of the matrices [A] ,[B] ,[S] ,[ Hi]
LTi1 .1 Vil .[ Wj] are given in the appendix.

Finally, Egs. (24) and (25) can be arranged in the
following standard form;

[K, Ha}+[C, {a} - QIGI{p} + [M G} = {W}cosQz
(26)
[K, {p}+[C, {p}+ QICHG}+[M{p} ={W}sinQzr

(27)
Where;

[K.I=[A1+ 3 (KiIH]
[KV]Z[A]_'_%;(K;[HJ,
[c,]=C’[B]+ i(C;[H‘]’
[C,1=C[B]+ i(ci:/[Hi]’
[G]=2p[S]+ ZJ v, ].and

[M]=[B]—ﬁ[3]+z+ m;[T1+J51V;]
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w3 =3 mbiearfw,] @9

2.1 Unbalance response and critical speeds
Eqgs.(26) and (27) can be arranged in a single
equation by using the following complex vector;

{u}={q}+i{p} (29)

Now ,multiplying Eq.( 26) by i (i =+v-1),
adding to Eq.(25) and applying Eq.(29) will give;

[KHu}+ [CHu}+iQIGI[11{u} + [M[1{u} = {W}e'™
(30)
Where;
_ K, O _ C, 0
=1y k| ©F|g ¢ |

|_:LO 31
=, . (31)

Since the imbalanced force is harmonic, the
steady state response of Eq.(30) can be written as;

)= [k]+iocl+ioc11- 0 [M 1] {wiee

(32)

Eq.(32) as well as Eqgs.(22) and (23) can be used
for calculating and plotting the response due to
unbalancing at a given range of spin speeds .The
speeds which give the maximum amplitude are
the critical speeds. The effect of any parameter
related to the rotor configuration can be studied by
using this equation.

It is important to note that; the present analysis
assumes the unbalance vectors lie in the same
planes for all discs .However for the case when
there is different unbalance planes of discs ,a
spatial consideration for solving EqQ.(32) must be
made .This case is not dealt in the present analysis

2.1 Cambpell Diagram

The forward and backward  whirling
frequencies at a given spin speed can be
calculated by using the homogenous parts of Egs.
(26) and (27) which are;

[K,Ka}+[C, {a} - QIGK{p}+[MKa} =0 (33)
[K, Kp}+[C, K p}+ QIGKa}+[MI{p}=0 (34)
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Since vibration is harmonic motion, one can
assume the following solutions for g and p;

{a} ={@e"" {p}={pye"" (35)

Where {6}.{p} are arbitrary constants .

Substituting Eqg. (35) into Egs. (33) and (34) and
eliminating the arbitrary constants yield to the
following characteristics determinant;

[K,1+io[C,]1— @*[M] —iwQ[G]
i wQ[G] [K,]1+io[C,1-®’[M]
=0 (36)

At a given rotor parameters Eq.(36) can be used
to construct cambpell diagram .by plotting the
backward and forward frequencies for selected
modes against the spin speeds .

2.3 Finite element solution

For Finite element analysis ,ANSYS 14
software was employed . Three element types are
selected to define the various rotor components
which are;MASS21 element for discs, BEAM 188
element for shaft and COMBI214 element for
Bearings.

The shaft is divided to 32 elements .The
gyroscopic effect was considered by employing
the rotating axis via the CORIOLIS and OMEGA
commands .The HARMONIC ANALYSIS is used
for evaluating the solution and plotting the results.

3-EXPERIMENTAL INVESTIGATION
The aim of the experimental work is carried to
verify the present theoretical analysis. For this
purpose, a model of rotor consisted of a two
different size brass discs fitted on elastic steel
shaft and sited on two identical journal bearings as
shown in Fig.3-a was used. The specifications of
the model are given in table(1) except that disc(1)
was excluded .Disc(2) and (3) were located at
0.35 and 0.25m from the shaft right side end .The
rotor is driven by an electrical motor with variable
speed of (0-3000) RPM .In order to investigate the
forward and backward whirl frequencies ,the
motor has a facility of changing its speed
directions .To reduce the undesired effect of the
motor vibration which may interfere with the rotor
response, a PVC coupling was used. A special
attention was made for aligning the shaft with the
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motor shaft and the bearings to insure center to
center alignment which is necessary for reducing
the misalignment effect on the response. A special
mechanism was introduced to measure the
response of the rotating shaft, since it is
impossible to fit a pick up device directly on the
rotating shaft .This mechanism consists of a small
light rod slides vertically through a slot in the
supported frame. A soft spring is used to insure
continuous contact between the shaft and the
slider rod. Finally the accelerometer pick up was
mounted on the top of rod. The accelerometer was
connected to the oscilloscope through a charger
amplifier as shown in Fig.3-c.

The main task of the experimental work is to
measure the forwarded and backward whirl
frequencies. For this purpose, impact hummer test
was used .In this test the rotor speed was assigned
0,200,400,600,800,1000 and 1200 RPM at
clockwise and counterclockwise directions .For
each speed an impact test was carried out .The
time histories of the excited force and the
response were recorded and analyzed by using
SigView software package .The Fast Fourier
Transformation (FFT) was performed from which
the whirl frequencies were calculated .

4. RESULTS AND DISCUSSIONS
Although the present analysis is hold for any
number of discs and bearings, However, an
example of a rotor consists of elastic shaft
carrying three different size discs and supported
by two identical bearings was considered for the
numerical analysis. The journal bearings has the
following  specifications;  D=0.019170 m,
L/d=1,c=0.1454mm.The oil lubricant is SAE 20
with p =0.0562 N.s/m2. For evaluating the bearing
stiffness and damping, the value of Summerfield
number was calculated from the above data and
the graphs given by ,Lund, are employed. The
numerical data of the model are listed in table .1
The validity and convergence of the present
solution were checked by comparing with the
ANSYS solution. MATLAB R2009 software was
employed to solve EQ.(32) to evaluate the
unbalance response. The number of modes of the
present solution are varied from N=3 to 6. For the
two methods the discs are located at (= 0.25, 0.5
and 0.75. The results of the two methods ,as well
as, the percentage errors are presented in Table
2.Table 2 shows that, the present solution has
better convergence at N=5 where the percentage
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error is not exceeded (5 %) .Hence using five
modes is quite sufficient for the accurate analysis.
Fig.4 shows the ANSYS simulation of the model.
The unbalance response is displayed in figure. For
the comparison purpose, the responses of the same
model is plotted by using the present solution for
N=3,4 and 5 and shown in Fig.4. As it is clear
from these figures, the results of the two methods
are in a good agreement especially when N
approaches 5.

To investigate the effect of spin speed on the
forward and backward frequencies for the lowest
three modes, Campbell diagram is plotted in
Fig.5 .This diagram is plotted by using the two
methods, again. As it is clear from these figures,
that ,the agreements between the two solutions is
good .

The main advantage of Cambpell diagram is to
test the stability and evaluate critical speeds of the
rotor .In order to inspect stability; the values of
the natural frequencies are checked at the selected
range of spin speeds. When their values changed
from real to complex the rotor is regarded
unstable. The speeds causing such a change are
referred as Threshold speeds .It is found that the
present rotor model is always stable at the selected
speed range.

The critical speeds can be evaluated from
cambpell diagram by plotting a straight line with
slope=1(the solid line in Fig.5 .The points of
intersections between this line and the frequencies
curves give the critical speeds .Referring to Fig.5
the critical speeds have the following values ;
630,660,780 and 1650 RPM .1t is to be noted that,
some of critical speeds cannot be detected from
plotting the unbalance response curve since it
consider the unbalance response for forward whirl
speeds, only. Hence Cambpell diagram is more
effective tool in designing rotors since it is able to
detect wide range of critical speeds.

The orbit plot response of the model as it spin at

960 RPM is shown in Fig.6. As one can see from
the plot that, the larger orbit path is found under

the location of heaviest disc.

For further investigation , the effect of disc
locating and arranging ,Figs. 7,8 and 9 are created
.In Fig .7 the discs are allow to locate close
together by assigning (=0.4,0.5 and 0.6.The
unbalance response of this case is plotted. Fig.7
indicates two information; firstly, the  critical
speeds decrease, secondly, one of critical speeds
becomes insignificant (very small peak response)
.This means that as the discs spacing decreased
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the multi rotor behavior approach that of the
single rotor behavior.

The effect of discs arrangements are investigated
in Figs.8 and 9 .In Fig.8 the discs are arranged in
increasing size order, whilst ,in Fig.9 in
decreasing order . Comparing the response of the
two cases indicates that; reverting the order of
discs sizes gives a slight change in the critical
speeds which may be ignored .This may be
reasoned due to the dynamical symmetry of the
supporting bearings which give nearly identical
elastic curve.

The theoretical and experimental results of the
two discs model is shown in Fig.10.In this figure
the forward and backward whirl frequencies are
shown .As it is clear that the results are in a good
agreements where the maximum error is not
exceeding 11%.The deviation between the two
results may be attributed to the measuring error
.effect of internal damping and bearings in
isotropic .

4.CONCLUSIONS

In the present analysis, Galerkin method was
used to evaluate the dynamical behavior of multi
discs and bearing rotors. The present analysis can
be used for any number of discs and bearings. All
the rotor dynamic aspects; such as forward and
backward whirl frequencies ,Cambpell diagram
,Stability, critical speed and unbalance response
can be evaluated by using the present method .

The validity and convergence of the present
analysis was performed by comparing with the
Finite element solution and experimental results .
The numerical results of a sample of three disc
rotor showed that; the solution has better
convergence when only five modes are employed,
and the maximum error is not exceeded 5%
.Hence the computation time and labor can be
saved. The experimental results showed good
agreements in measuring the forward and
backward whirl frequencies with maximum error
is not exceeding 11%. The effects of disc
locations and arrangements are investigated .1t is
found that closing the space between the discs
tends to decrease the critical speeds values and
diminish some of them .So that the multi discs
rotor behaves as a single rotor However reverting
the location of the discs has insignificant effect on
the critical speeds since it cause a slight change.
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= theo. Table 2. Validity and convergence of the present.
- o exp. -
,IT; . &~ ; Present solution e
E - =
= " @ @ o " SN E% N=4 E% N=5 |E% N=6 [E%
@ ;. 2 - 3
= ™ F
= o,
£ T 1| 784 | 202 | 746 141 | 627 38 | 623 | -44 62
= + - ~
5l ™. 691
- BW 2 824 19.2 77 12.4 657 -4 653 5.5
I:Il.'fl ﬁl:ll:l m'nn 15:.']& F'l't:{'ll.'fl

spin speed (RPM)

Figure 10. Theoretical and experimental whirl
frequencies.

Table 1. Specifications of the theoretical and
experimental models (in SI units).

Bearing(l) Bearing (2) Disc(1)
Kxx;=17.249x10° Kxx=17.249x10° d:=0.35
Kyy:=1.294x10° Kyy =1.294x10° t=0.013
Czz;= 3.08x10° Czz=3.08x10° p1=8205
Cyy,= 2.05x10* Cyy= 2.05x10* my=0.2
r=0.05
Disc(2) Disc(3) Shaft
d,=0.167 d5=0.268 L=1
£,=0.019 1:=0.02 ds=0.019
p;=8205 ps=8205 E=206x109
my=0.2 my=0.2 ps=7800
r=0.05 r=0.05 damp=0.01
M. Gyroscopic moments at z, y axis, N.m
NOMENCLATURE Mz, Inertial moments at z, y axis, N.m
I, Polar moment of inertia, Kg.m?
A Shaft cross sectional area, m? I Transverse moment of inertia, kg.m2
Ci i ™ bearing damping coefficients, in z Kai i " bearing stiffness, in z axis, N/m
axis, N/m K,i i " stiffness, in y axis, N/m
Ciy i ™ bearing damping coefficients, in y L Bearing length, m
axis, N/m Ls Shaft span length, m
c Bearing clearance, m mgy Disc mass, kg
D Bearing diameter , m N Mode number or RPM
ds Shaft diameter, m porp(t) Generalized coordinate at y axis
E Modulus of elasticity, N/m? 7 Dimensionless coordinates at z and y
r Disc eccentricity, m axis
I Area second moment of inertia, m* A Eigen values of free-free beams
Fs Spring forces at z axis, N 0, D
Fys, Spring forces at y axis, N
F.o Damping forces at z axis, N
Fa Damping forces at y axis, N
Fab Imbalance forces at z, y axis, N
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4 Dimensionless lateral coordinate Elements of matrixH, L, T, V and W:

1 3
p Density, kg/m h, = (41)¢s D) =0, (Do, (&)
U Oil viscosity, Pa-sec
T Dimensionless time h1+N,r = sl+N =¢,(¢1) =, ())
Q Disc spin speed, r/s hy oy =1
® Natural frequency, r/s ’

h2+N,r = h2+N,l+N = h2+N,r = h2+N,1+N = h2+N,2+N =0

Elements of [A] and [B] ;

sr:¢r(é’3)¢s(é/3)_ r(é/3) s(gs)
j¢'V(:)¢ ()¢ = I(p O, (e e

1+N,r = sl+N ¢ (;3) ¢s (;3)
By = j 4" (£)d¢ = j ol ($)d¢

24N, — I2+N,1+N = |2+N,r = I2+N,1+N = I2+N,2+N =0
v tor =4 (£2)8(85) = 0, ($)e (&)
Aoz _I§¢ (€)de= Ié/(p (€)de tne = 51+N ¢s(§2) ¢s(§2) ; Lvan =1
1 t2+N,r :t2+N,l+N :t2+N,r :t2+N,l+N :t2+N,2+N =0
= [8.) (0)dg = j 0., ($)d¢
Y Vo, =4(5:)8(5) = 01 (£)0l(S)
by :,[ ¢,(¢)dg :,[ ¢, (£)dg, Voson =Vs2on Ve r =Vaenson = Vawzen = Vourr = Vaen o = Vaun 2w =0
by, = | £4, (£)dS = j £, (S = (62) wmt | w=b
b,y = [4.($)dS =4,(£)d¢
bl+N,1+N :_[ () g = J- (1)d§ =1,

b2+N,1+N =b1+N,2+N _I é/dé/Z%’
0

bs,2+N

1
b2+N,2+N =J‘§2-d§=%
0

O ey

4.(C)cdS =j 0,(¢)¢dS
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ABSTRACT

The present study focused mainly on the vibration analysis of composite laminated plates subjected to
thermal and mechanical loads or without any load (free vibration). Natural frequency and dynamic
response are analyzed by analytical, numerical and experimental analysis (by using impact hammer) for
different cases. The experimental investigation is to manufacture the laminates and to find mechanical
and thermal properties of glass-polyester such as longitudinal, transverse young modulus, shear modulus,
longitudinal and transverse thermal expansion and thermal conductivity. The vibration test carried to
find the three natural frequencies of plate. The design parameters of the laminates such as aspect ratio,
thickness ratio, boundary conditions and lamination angle were investigated using classical laminated
plate theory (CLPT) and Finite element coded by ANSYS, in addition to the design parameters of
dynamic response such as load type with respect to time, x and y dimension and temperature value for
simply supported symmetric cross ply. The main conclusion was the natural frequency could increase
and decrease depending on the boundary conditions, thickness ratio, and lamination angle, the aspect
ratio of the plate. Present of temperature could increase dynamic response of plate also depending on
lamination angle, type of mechanical load and the value of temperature.

Keywords: composite laminated plate, natural frequency, dynamic response, classical laminated
plate theory, ANSY'S, thermo-mechanical load.
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Vibration Analysis of Laminated Composite Plate
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1. INTRODUCTION

1.1 General

During the last decades, needs for composite
materials which contain two or more types of
materials mixed together homogenously have
appeared.

Composite materials have many advantages
such as high strength with low weight compared
with  traditional  engineering  materials;
furthermore, their properties can be controlled
during mixing of their components to meet the
suitable design requirements. Ref.[ Reddy J.N.]
Study of vibration of thin plates is an extremely
important area owing to its wide variety use of
engineering applications. It is essential for a
design engineer to have a prior knowledge of
the first few modes of vibration characteristics
before finalizing the design of a given structure.
Many researches had studied free vibration
analysis and vibration of plate under mechanical
or thermal or thermo-mechanical loading.
Dobyns, A.L., 1981, analysed simply supported
orthotropic plates subjected to static and
dynamic loading conditions presented the first
shear deformation theory. Transient loading
conditions considered included sine,
rectangular, and triangular pulses.Reddy, J.
N.,1982, presented two different lamination
schemes, under appropriate boundary conditions
and sinusoidal distribution of the transverse
load. The exact solution was obtained by
integrated numerically using Newmark’s direct
integration method. Chorng-Fuh Liu and
Chih-Hsing Huang,1996 performed a vibration
analysis of laminated composite plates subjected
to temperature change. The first order shear
deformation theory of a plate is employed. The
resulting finite element formulation leads to
general nonlinear and coupled simulation

119

(S o) A

equations and calculate the frequencies of
vibration of a symmetric cross-ply plate. Hui-
Shen Shen, et.al,2003, studied the dynamic
response of shear deformable laminated plates
exposed to thermo-mechanical loading and
resting on a two-parameter elastic foundation.
The formulation is based on higher order shear
deformable plate theory and includes the plate
foundation interaction and thermal effects due to
temperature rise. Effects of foundation stiffness,
plate side-to-thickness ratio, and temperature
rise on the dynamic response are studied.

Metin Aydogdu and Taner Timarci,2007,
presented numerical results  for vibration
frequencies of anti-symmetric  angle-ply
laminated thin square composite plates having
different boundary conditions. The Ritz method,
along with the displacement assumed in the
form of simple polynomials, is applied to solve
the problems.Kullasup P. et al., 2010, analysed

Free vibration of symmetrically laminated
composite rectangular plates with various
boundary  conditions by an extended

Kantorovich method, in which a separable
function to the dynamic-system energy equation
is applied in order to reduce the partial
differential equations to ordinary differential
equations in the direction of x, y coordinates
with a constant coefficient. The beam function
is used as an initial trial function in the iterative
calculation, which is employed to evaluate the
natural frequency and force the final solution
needed to satisfy the boundary conditions.
Suresh K. J. et al, 2011, developed an
analytical procedure is to investigate the free
vibration characteristics of different laminated
composite plates based on higher order shear
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displacement model with zig-zag function. This
function improves slope discontinuities at the
interfaces of laminated composite plates. The
related functions are obtained using the dynamic
version of principle of virtual work or
Hamilton’s principle. The solutions are obtained
using Navier’s method.

The point of originality of the present work is
how to derive the analytical solution of free
vibration for composite laminated plates by
classical laminated plate theory for the first
time, by applied different type of boundary
condition on the symmetric cross-ply composite
laminated plates using levy solution. Then
derived the equation of motion for transient
vibration (with or without the temperature
effect) and solving it by Newmark direct
integration method. Thermal and mechanical
properties, natural frequency for composite plate
made from (glass-polyester) with fiber volume
fraction (0.3) are determined experimentally.
Also Finite element coded by ANSYS14used in
this thesis to find natural frequency and transient
response of composite laminate plate.

2. ANALYTICAL SOLUTION
(CLASSICAL LAMINATE PLATE
THEORY)

2.1 Natural Frequency

2.1.1 Displacement

Classical lamination theory (CLPT) based on
the Kirchhoff hypothesis based on assuming the
straight line perpendicular to the mid surface
before deformation remains straight after
deformation which means neglecting shear
strains and transverse normal strain and stress in
the analysis of laminated composite plates. Ref.[
Reddy J.N.]

u(x, v, t)=u, (xv,t) —Z% (1.a)
v(x, v, t)=v,(x, v t) —z% (1. b)
w(x,¥,t) =w, (x,5) (1.¢c)

Wherea;"* , ? denote the rotations about y and
x ¥

X axis respectively.

Volume 20 February 2014

120

Journal of Engineering

u, v, and w, denote the displacement
components along (x, vy, 2z) directions
respectively of a point on the mid-plane
(i.e....z=0).

2.1.2 Stress and strain

The total strains can be written as follows

) (1)
=) %% 5
s [
e L_).0 (
LW} =4 Ep T Z R EL
x5 (a) (1
Yoy Yy
fug _ %wo
dx 3x®
vy Ay
= v +z* _E'_yz (2)
fug | Bvg _5 . Bwo
dy dx dxdvy
S0 (0
Where (EHJ o Jyxj ) are the membrane
1 1 1
strains and (-, ;}}, ( .:'} are the flexural

(bending) strains, known as the curvatures
[Reddy J.N.]. The transformed stress-strain
relations of an orthotropic lamina in a plane
state of stress are; for Q; ;see [Reddy J.N.]

J — — —

X t211 gu @16 Exx

Oyy ¢ = Q_i: @:2 Q_:a Eyy (3)
Oy k Qe Qs Qsely Ve

The resultant of inplane force Nxx ,Nyy and Nxy
and moments Mxx, Myy and Mxy acting on a
laminate are obtained by integration of the stress
in each layer or lamina through the laminate
thickness. Knowing the stress in terms of the
displacement, we can obtain the inplane force
resultants Nxx, Nyy, Nxy, Mxx, Myy and Mxy.

The inplane force resultants are defined as

N Ox

— Ikt
ES’Y — Nzlf * Oyy dz (4.2)
xy Ux}r k

Where 5, , @, and @, are normal and shear
stress.
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NJ:’J:‘ Ali Aiﬂ Aiﬁ- EID}'
Nyy b= Ap Agp Age E:?;.—
Ny 16 Aze Agg ¥y
Biy By Bie] (%=
+|Bys By Bag|{eyy (4.b)
Bie Bae Beel \yl
M. - Jxx
My, =Zi:=1 3:+1 Oyyp zdz (5.a)
Mx}'j xyly,
0
Mocx Byy Byy By | fay
M}'}' =|B1z Ba; By EE;;
Myy) LBie Bae Bee Yoy
Dy Dip Dig] (€
+|Dy2 Day Dagld &gy (5.b)
Die Dze Deel (yl,

Here, A;; are the extensional stiffness, B5;; the
coupling stiffness, and D;; the bending stiffness.

A= B0 )i (Zes1 —2) (6.2)
Bij = 2 N1 (i) (2%e1 — 2%) (6.b)
Di;= §2f=1(@ij}k (2341 —2%) (6.)

2.1.3 Equation of motion

The equations of motion are obtained by setting
the coefficient of duy , dvy , dwy to zero

separately

Ngx | Ny - 3% 35w

3z ay Darz  Laxar (7.3)
ANy ANy 8w 8% w
EY W _ g B R g W

dx Ay Uaez  L1ayarez (7.b)
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Ty o T G T, T
Ry i =l + 1 (G + 3m) -
() e

(7.0)
Where
Uo . 1) =30y [ p®(1,22dz  (8)

p® being the material density of k" layer and

g(x,y,t) is a dynamic force subjected on a
system. For natural frequency q(x,y,t)
andi,,, N, and N, equal to zero.

These equations of motion (7 a-c) can be
expressed in terms of displacements (&g , 517 ,
&dwg) by substituting the forces results from
Egs. (4 ,5,8) into Eq. (7.a) to(7.c) and get partial
differential equations, then the analytical

solution done by levy method as derived
in[Reddy J.N.].

2.2 Dynamic Response
2.2.1 Equation of motion

In classical laminate plate theory, the equations
of motion derived using the dynamic version of
the principle of virtual displacements. The
derivation and all equation for no temperature
effect discussed in section (2.1). but the stress
strain relations when there were temperature
change is[9]

(o (1}
o ] e €
s 1) @ @
}}]: E}.}. 4 E}.}.
Yoy (1)) 1)
=N =N
Hup 8%wq
E - IQ':.r:rjr-[!- - A2 - r.IxxT;_
g g
By yylo 2y — By Uy 1
fup | dug 8w
o M _ o To) = 0_
By A xyi 0 2w Bxdy tIx}.Ti
eq. (9.a)
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Eq. (2-21a) for linear varying of temperature
i.e,[ Reddy J.N.]

AT = Tolx, v, t) — zTy (x, v, t) (9.b)

In present work the varying of temperature
supposed uniform, thus Eq. (2-21a) became

A &
— —a, AT -—"
Ep dx dxt
av 8w,
vy = - a_].'_]."ﬂr +Z4 — (9.0
¥ 8y gyt
¥ A v 2
_ﬂ+_ﬂ_aI}_ﬂr _2*5“-%
ay dx Bxdy

a. , o, and a.,are thermal expansion
coefficients defined

o = 0p1(C0SB)? + @, (sin d) 2 (10.a)
@y = a3 (5iN0) % + a5 (cosf)? (10.b)
20,y = 21 — @25) sin @ cos@ (10.c)

oy and @2 Are longitudinal and transverse
thermal expansions respectively. And &is the

lamination angle.
The change in temperature defined
AT = applied temperature — reference temperature

Where reference temperature T, = 25C"

The transformed stress-strain relations of an
orthotropic lamina in a plane state of stress are;

forQ,;
Oy ':En '?1: '?15 Exxr — e AT

]ﬂ}'}'} = '?1.: Q_:: ':E:E- f—"-‘" &y p AT (11)
Ty Pie Q2 Qs Vay - 20y, AT

{N*} and {M*} are thermal stress and bending
results, respectively

N, ML,

t t

NL, ML b=
t i
NL,. ME,

DI

i
[ ]

Que | %
Qs I Myy }{1 .zJATdz
Q

(12)

[os]] r.i;':ll A2

@Ll
91:
QLE

]
o

The equation of motion is.
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0 0 mallw,) (g -

eg. (13)

Where

A 3;’: (14.)
=2 = (14.b)
foo(Ea B o)

These equations of motion (13) can be
expressed in terms of displacements (&ug , 8y,
&dwg) by substituting the forces results from
Egs. (4,5,8,12,14 a-c) into EqQ.(13) and get
partial differential equations, then the analytical
solution done by Navier method as derived in
ref.[ Reddy J.N.].

After applying Navier method, Newmark's
direct integration method done.

2.2.2
method

Newmark's direct integration

The term “direct” means that prior to the
numerical integration; no transformation of the
equations into a different form is carried out.
Many numerical integration methods are
available for the approximate solution of such
equations of motion. All the numerical
integration  methods have two  basic
characteristics. First, they do not satisfy the
differential equations at all-time t, but only at
discrete time intervals, say At apart. Secondly,

within each time interval At, a specific type of

variation of the displacement, velocity and
acceleration is assumed. ref.[ Rao V. Dukkipati]

In the Newmark direct integration method, the
first time derivative {U} and the solution {U}
are approximated at (n+1) time step (i.e. at time

t =ty = (n+1) At by the following expression
(ref[7]).
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Ul = U +[0-2)0 ) +@{U ] at

(15.a)
. 1 ). —( 2
I ) i
(15.b)
Where:
[ AndE . are parameters that control the

accuracy and stability of the scheme, and the
subscript n indicates that the solution evaluated
at nt" time step (i.e. at time, t = t,,). The choice

@ =05 and £ =025 i5 khown to give an
unconditionally  stable  Scheme (average
acceleration method), [Rao V. Dukkipati].

Solving from Eq.(15.b) for {U}n+1in term

of{U n+l the acceleration at time t . is
obtained:

Ulnaa = aplU i1 -Uinl-o Ul - ay U
(16)

The equilibrium EQ.(13) at time t .y IS
considered as:

[MARG .., +[KSJU .0 = (R}, (17)

Substituting from Eq.(16) into Eq.(17) and
rearranging yields:

lM J{U }n+1 = {q}nu

Where:

(18)

M |=[Ks]+a,[MA] (19.2)

@}a = Rha+ M U}, + 2,0, +a, 10} ]

eg. (19.b)

aO:%;(At)Z ! al:yﬁ(m) | aZZ%E -

The first and second derivatives (U’U) of

{U} at t ,+; can be computed from rearranging
the expressions (15a-b):
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{U}n+l =2y [{U }n+1 - {U }n ]_ a {U }n ) {U}n

(20.a)
{U }n+l =ag ({U }n+1 - {U }n )‘ ay {U }n ~ag {U'}n
(20.b)

Where:

=T (T

=¥

Once the displacements {U}n+1 at time t 4
are obtained by solving equation (18), the

n+l gre
(20.b),

n+land accelerations
using Egs.(20.a) and

velocities
computed
respectively.

3. NUMERICAL ANALYSIS

3.1 Element selection and modeling

An element called shell281 as shown in Fig.1 is
selected which is suitable for analyzing thin to
moderately thick shell structures. The element
has eight nodes with six degrees of freedom at
each node: translations in the x, y, and z axes,
and rotations about the X, y, and z axes. It may
be used for layered applications for modeling
composite shells. It is include the effects of
transverse shear deformation. The accuracy in
modeling composite shells is governed by the
first order shear deformation theory. The shell
section allows for layered shell definition,
options are available for specifying the
thickness, material, orientation through the
thickness of the layers.

Finite element method has been employed to
analyze natural frequency and dynamic
response. The model was developed in ANSYS
14.0 using the 225 (15*15) quadrate elements.
The global x coordinate is directed along the
width of the plate, while the global y coordinate
is directed along the length and the global z
direction corresponds to the thickness direction
and taken to be the outward normal of the plate
surface. There are 15 elements in the axial
direction and 15 along the width (i.e. 4416
DOF). Convergence study is the reasons for
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choosing the particular mesh used in this study.
A modal analysis was performed on the model
to calculate the natural frequency of the
structure. The transient analysis was performed
on the modal to calculate the dynamic response
(the program used Newmark method).

3.2 Verification Case Studies

In the present study, Series of preselected
cases are modeled to verify the accuracy of the
method of analysis. The results are compared to
analytical solution (Levy) and numerical
solution (Finite element method).see Table 1
and Table 2. For dynamic response see Fig.2
(no temperature effect) and Fig.3 (with
temperature effect).

From these results, it is obvious that the
methods of solution gives better results for both
analytical and numerical solution.

4, EXPERIMENTAL WORK

In the present work, Five- purposes were
investigated. First, to outline the general steps to
design and fabricate the rectangular test models
from fiber (E-glass) and polyester resin to form
laminate composite materials. Second, the
manufactured models are then used to evaluate
the mechanical properties (E4,E5,Gq2) without
temperature change of unidirectional composite
material. Third, measure thermal conductivity
for fiber-polyester composite plate and
polyester, measure the temperature dependence
of mechanical properties (Ey,E.,Gy2) and
coefficient of thermal expansion (CTE) of the
composite plate.

Fifth, the vibration test can be done to calculate
the fundamental natural frequency of composite
laminate plate for different boundary conditions
cross ply laminate plate.

4.1 Tensile Test

Each laminate was oriented in longitudinal,
transverse and 45 angle relative to designated
0" direction to determine the engineering
parameters E;, E,, Gy2. Tensile test specimen

include standard geometry according to ASTM
(D3039/D03039M); and the mechanical
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properties for glass-polyester which obtained
from tensile test as shown in Table (3).

4.2 Thermo-Mechanical Analyzer
Thermo-mechanical Analysis (TMA)
determines dimensional changes of solids and
liquids materials as a function of temperature
and/or time under a defined mechanical force.
Irrespective of the selected type of deformation
(expansion, compression, penetration, tension or
bending), every change of length in the sample
is communicated to a highly sensitive inductive
displacement transducer (LVDT) via a push rod
and transformed into a digital signal. The push
rod and corresponding sample holders of fused
silica or aluminum oxide can be quickly and
easily interchanged to optimize the system to the
respective application. Figs.4 and 5.

The dimension of sample is (5*20*4) mm. the
thermal properties which obtain from this test
shown in Table 4.

4.3 Thermal conductivity test

Thermal conductivity coefficient of specimens
was measured by using Lee’s disk method
principle.  Very often composite materials
results in anisotropic media and their thermal
conductivity change along the axes because of
the presences of reinforcing fibers embedded in
the matrix.

The rule of mixture accurately predicts the

thermal conductivity of fiber reinforced
composite in both directions, [Louay S.
Yousouf]:

When the fibers are arranged in the longitudinal
direction, then:

KI =Ke*vp+Kp*uy (21.a)
When the fibers are arranged in the lateral

direction:
oo Ke«Km

= (21.b)
KfsumtKm=us

Fig. (6) represents the test apparatus (Lee’s disk
apparatus) with tested composite specimen and
some accessories to measure the temperature of
both sides of the composite specimen in which
direction x, y, z.

The heater is switch on with (V = 6 Volts and |
= 0.25 Amp.) to heat the brass disks (2,3). And
the temperatures were recorded every (5
minutes) until reach to the equilibrium

-
=
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temperature of all disks. The fibers were
arranged in the lateral direction and in the
longitudinal direction.

Fig. 7 shows the sample used to measure the
thermal conductivity using the Lee’s Disk
method is in the form of a disk whose thickness
d.is small relative to its radius (r) with
(dy =dy =dg =12.25mm). Using a thin
sample means that the system will reach thermal
equilibrium more quickly. When the fibers are
arranged in the longitudinal direction(r=21mm)
Coefficient of Thermal Conductivity k=

0.47068(W/M°C)

Ds=3.2mm T,=31.2C" Tz=34C T =34C"
When the fibers are arranged in the transverse
direction(r=21mm) Coefficient of Thermal
Conductivity k5 = 0.33434(W/M°C)
Ds=3.75mm T,=31C" T=35.5CT=35.5C"
And the thermal conductivity can be calculated
experimentally by using the following equation,
[5]:

K=* [T:;TD

]:e* [TD+§*([11 +§* ds)*TD'F

g,
(22.a)
And (e) can be evaluated from the following

equation, [Louay S. Yousouf]:
[« V=msrisex(T,+Ty) +2*merxex

[dl*TD+§*dS*(TD+ T,)+dy * Ty + dg *
Ta]

4.4 Vibration Test

The vibration test includes studying the first
three frequencies for composite plate with
different boundary condition four layers
symmetric cross ply.

The dimensions of vibration plate samples used
are, see Fig. 8.

a.=a+6cm(for supported)

b, = b + 6cm(for supported)

For S-S-S-S and S-C-S-C, aand b equal to
20cm ,a.and b, equal to 26

But for S-F-S-F
b=20cm a = 26cm ,a.and b, equal to 26
The block diagram of the different instruments
used for the measurements of natural

(22.b)
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frequencies is shown in Fig.9. And the whole

instruments that used in this test shown in Fig.

10.

The vibration structure rig is composed of the

following parts

(1) Frame Fixture: The composite laminate

plate can be fixed according to the boundary

conditions used a frame made from steel
and supported (U-channel) made from steel
to fix the composite plate.

The impact hammer: model (086C03) (PCB

Piezotronics vibration division), stiff steel

mass with many tips. The hammer consists

of an integral quartz force sensor mounted
on the striking end of hammer head. The
sensing element functions to transfer impact
force in to electrical signal for display and
analysis. Impulse force test hammer is
adapted for adapts FFT analysis of structure
behavior testing. Impulse testing of the
dynamic behavior of mechanical structure
involves striking the test object with the
force-instrumented hammer, and measuring
the resultant motion with an accelerometer.

When can be used the hammer is knocked

the composite plate strongly or lightly that

is effect on the value of amplitude; but the
frequency still constant.

(3) Accelerometer model (4371), accelerometer
is a sensor that produces an electrical signal
that is proportional to the acceleration of the
vibrating component to which the
accelerometer is attached. The
accelerometer mounted to the plate by the
screw which adhesive to the center of plate.

(4) Amplifier, type 7749, the amplifier
measures the response signal from
accelerometer and gives output signal to the
digital storage oscilloscope. It is a low noise
charge amplifier for use with piezoelectric
accelerometers and other piezoelectric
transducers. It offers a wide range of signal
conditioning that makes it ideal for use in
accelerometers calibration set-ups and for
general purpose vibration measurements.

(5) Digital storage oscilloscope, modal GDS-
810, has two input channels; this digital
storage oscilloscope system can be driven
with a computer. This device is used to
display the response waves result, which
extracted using accelerometer, for the

(2)
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vibrated structures. Then analysis of
response signal is read from digital storage
oscilloscope to FFT function by using sig-
view program to get the first three
frequencies with  different parameters
studied.

5. RESULTS AND DISCUSSION

5.1 Experimental Results

The experimental results contain the first three
frequencies in (HZ) for four layers symmetric
cross ply for different boundary condition
(SSCC, SSSS, SSFF) by using impact hammer
the output signals appears on oscilloscope for
each dynamic response which came from
conditional amplifier which receives the
dynamic response signal from accelerometer.
Then analysis of response signal is read from
digital storage oscilloscope to FFT function by
using sig-view program to get the three
frequencies of the plate. The experimental result
gave good agreement when the analytical
(CLPT with Levy method) and numerical
(ANSYS) analysis compared with them
maximum error is8.7%for analytical by CLPT
and 7.99% for numerical by ANSYS 14.0. The
result shown in Table 5.

The maximum natural frequency occurs when
the boundary condition is SSCC then the
frequency decrease when the B.C's became
SSSS with percentage 42.3% and then decreases
when it became SSFF with percentage 76.9%.

5.2 Theoretical Results Contain
(Analytical and Numerical (ANSYYS))

5.2.1 Frequency result

In this section discussed the effect of different
parameter on fundamental natural frequency
such as boundary condition, aspect ratio,
thickness ratio for symmetric cross ply
composite laminate plate. This result found by
analytical method using CLPT with Levy
method and numerically using ANSYS 14.0
program.

5.2.1.1 Boundary condition

From the results listed in Table 6 it can be
observed that the boundary conditions always
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effect on the fundamental natural frequency. It's
worth mentioning the natural frequency in
SCSC and SCSS for cross ply and SSSS are
higher than other cases because of B.C'S. effect.

5.2.1.2 Aspect ratio

Fig.(11) for SSSS and SSCC cross ply shows
that the natural frequency decrease when a/b
increase with high percentage reaches to 68.7%.
On the other hand the maximum natural
frequency in case SSCC symmetric cross ply is
at a/b=0.5. While the minimum is at SSSS
symmetric cross ply for a/b=2.5.

5.2.1.3 Thickness ratio

It is shown from Fig.12 for SSSS and SSCC
four layers symmetric composite plate, the
natural frequency decrease when thickness ratio
increase. It can be observed that the natural
frequency is decrease with high percentage
when b/h varies from 10 to 20 reach to
(70.15%). Then, this percentage gets smaller
when b/h varies from 20 to 50 the maximum
percentage reach to (53.96%). Also here the
maximum natural frequency when SSCC
boundary condition and a/h=10.

5.2.2 Dynamic response

The present study focused mainly on the
dynamic response behavior of composite
laminated plates subjected to mechanical and
thermo-mechanical loads of finite duration
uniform (step, sine and ramp) and sinusoidal
(step, sine and ramp) on the top surface of the
plate for three cases of temperature (without
temperature effect, T=50°C and T=100°C) . The
step loading g(x,v,t) = g(x,y), ramp loading
glx,v,t) = glx, v)t/tl and  sinusoid
loadingg(x,y,t) = q{x, y)sinmt/t1 For
uniform distributed load g{x,v) = ﬁand for

sinusoidal  distributed g{x,v) = g, The
amplitude of force is g, = 100N/mm? and the
time of load applied on plate ist; =0.05sec. The

dynamic response of central deflection of
composite plate discussed for different
parameter such as load condition, aspect ratio,
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temperature value for symmetric cross ply for
simply supported composite plate analytically
by CLPT with Newmark direct integration
method and numerical result by ANSYSS.

5.2.2.1 Effect of load condition

Fig.13 and Fig.14 represent the variation of
central transverse deflection with time (dynamic
response) for four layer symmetric cross-ply
simply supported laminated plates under
sinusoidal

(P(x,v) = gosin{ ®x/a)sin{ ®y/b))and
uniform(P(x,¥) = gqo ) variation loading, (step
qlx,v,.t) = P(x,v) ,ramp loading
qlx,v,t) = P(x,yv)t/t1 and sinusoid loading
q(x,y,)=P(x,y) sinat/t; ) for go=100N/m?
,1,=0.05 sec ) without any temperature change
solved by analytically by CLPT with Newmark
direct integration method and (F.E.M) by
ANSYS program. The deflection due to step
loading higher in magnitude than the other loads
with percentage reach to 91.96%, 97.4% from
sine and ramp load, respectively, because the
step load subjected suddenly with constant value
with the time. Very good verification between
CLPT with Newmark and FEM by ANSYS
maximum error is12.9%. Maximum response
for step load always occurs in the time of
applying load (i.e. in the time less than t; after
that the response became in negative sign and
positive sign alternatively. for ramp load, the
response increasing linearly with time until it
reached to £y at this point the maximum
response occurs, then the response became in
negative sign and positive sign alternatively. For
sine load the response behavior have the sine
shape and the maximum response at t; /2.

5.2.2.2 Effect of temperature change with
varies load condition

Fig 15 to Fig. 20 show the numerical result by
ANSYS for dynamic response of central
deflection of symmetric cross ply simply
supported composite plate under different kind
of load and different condition of temperature
effect i.e. (T=25°C, T=50°C, T=100°C).The
deflection increase with maximum percentage
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reaches to (58.47%) when temperature became
50°C and when the temperature reach to 100°C
the response increase with higher percentage
reaches to (200%) with respect to response
without change in temperature.

5.2.2.3 Effect of aspect ratio

Fig. 21 shows the effect of the aspect ratio (a/b)
on the deflection of the simply supported
symmetric cross-ply laminated plates (b=200
mm) subjected to step sinusoidal loading
without temperature change solved by F.E.M.
From the results, increasing (a/b) ratio
increasing the deflection of laminated plates.
The increase in deflections is 92.4%, 92.8% for
increasing aspect ratio (0.5 to 1.5) and (1.5 to 2)
respectively.

6. CONCLUSION

This study considers the vibration analysis of
symmetric cross-ply composite laminate plate
with various B.C's. From the present study, the
following conclusions can be made:

1-The Young and shear modulus decrease when
temperature increases with high percentages
reach t096.3% when temperature changes from
(20 °C to 100°C) for longitudinal young
modulus, for transverse young modulus
1596.53% and for shear modulus is 91.1%. The
longitudinal and transverse coefficient of
thermal expansion also decrease when
temperature increase with percentage 80%
and73.7%  respectively for the same
temperature.

2- The boundary conditions effect on the natural
frequency, the maximum frequency occurs
when there were clamped in boundary condition
of plate. The percentage of increasing the
natural frequency when the B.C's change from
SSSS to SSCC 45.4% and the percentage of
increasing natural frequency when changing
B.C's from SSFF to SSCC is 75.5% for
symmetric cross ply.

3- The fundamental natural frequency of
composite laminated plate is decreasing when
a/b increase with high percentage reaches to
68.7%.

4- The natural frequency decrease when
thickness ratio increases. It can be observed that
the natural frequency is decrease with high
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percentage when b/h varies from 10 to 20 reach
to (70.15%). Then, this percentage gets smaller
when b/h varies from 20 to 50 the maximum
percentage reach to (53.96%).

5- The response due to step loading higher in
magnitude than the other loads with percentage
reach to 91.96%, 97.4% from sine and ramp
load, respectively, because the step load
subjected suddenly with constant value with the
time.

6- The response increase with maximum
percentage reaches to (58.47%) when
temperature became 50°C and when the
temperature reach to 100°C the response
increase with higher percentage reaches to
(200%) with respect to response without change
in temperature. The reason behind that is there
are two loads (mechanical and thermal) each of
load cause the deflections (thermal and
mechanical deflections) summation is the
deflection of plate under thermo-mechanical
loading. When the temperature increase the
deflection increase with high percentage.

7- Increasing of aspect ratio (a/b) increasing the
response of laminated plates. The increase in
deflections reach to 92.4%, 92.8% for increasing
aspect ratio (0.5 to 15) and (1.5 to 2)
respectively for simply supported symmetric
cross-ply laminated plates subjected to step
sinusoidal loading without temperature change .
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8. NOMENCLATURE

Vibration Analysis of Laminated Composite Plate
under Thermo-Mechanical Loading

The end time of load sec
Temperature c’
Temperature increment c?
Temperature across the sample C?
sides
Reference temperature c?
Displacement , velocity and m, m/s,
acceleration vectors m/ s?
Displacement components along m
(x,y,z) directions respectively
Aamplitudes of (i, , =, w1} -
respectively
Voltage Volt
Fiber volume fraction =
Matrix volume fraction -
Natural frequency Hz
w Nondimensional frequency Hz
Cartesian coordinate system m
Distance from neutral axis m
Fiber orientation angle Degree
Coefficient of thermal A/E™Y)
or
expansion of composite material /K™
Density (kg/m3)
Strain components m/m
Stress components GPa

Symbol Description Unit
a, b Dimension of plate in x and y m
coordinate
A;, B; Dy Extensional stiffness, the coupling -
stiffness, and the bending stiffness
dyd;. d: Thicknesses Of The Brass Disks m
D, Thickness Of The Composite m
Specimen
E; E;, E; Elastic modulus of composite GPa
material
Gz Grz o Gaz Shear modulus of composite GPa
material
h Thickness m
| Ampere Amp.
i Imaginary Root = -/—1 >
I 1.1 Mass moment of inertia kg.m?
071172
ky ks Coefficient of Thermal (W/m°C)
Conductivity of composite
material
ki k., Coefficient of Thermal (W/me°C)
Conductivity of fiber and matrix
respectively
[MA] Mass matrix kg
M_. M, M., Moment resultant per unit length N.m/m
N Total number of plate layers -
Nxx, Nyy.Nxy | The resultant of in-plane force per N/m
unit length
Nxx, Nyy , Nxy Applied edge force N/m
q(x,y,t) Dynamic force subjected on a N/m?
system
o Transformed lamina stiffness N/m
4y
R Vector of externally applied N
loads
r Disk spacemen Radius m
t Time minors
At Time Interval min or s

Program]

Figure . 1, Shell281 Geometry [ANSYS 13
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Table 1. Dimensionless natural

symmetric cross ply laminates
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25.00 —

20.00 —
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Ref8

ﬂa"lh [31 Present E1/E2=40 3 7
[HOSDT] [ANSYS14.0] G12=G13=0.6E2 §
(Error %) G23=0.5 E2 5
5 | 10.263 10.12888 112=0.25 E
(1.3%) a=b 2
10 | 14702 | 14.67395 h=1 _ e
(0.19%) p=lkgm™* :
20 | 17.483 17.45982 orientation
(0.13%) 0/90/0 .
25 | 17.95 17.91815 '
(0.178%)
50 | 18.641 18.62768
(0.0715%)
100 | 18.828 18.79517
(0.174%) 25,00

Table 2. Dimensionless natural frequency

20.00 —

T | T | T T |
100.00 150.00 200.00 2E0.00
Time (10(-6))sec

al

Ref8

ANSYS ----

—_  wk® [g . . §
w = — | of anti-symmetric cross ply £ 1500
h "\‘IEZ g
laminates g
5 10.00 —|
B.C'S b/ | [9] present s ]
a | CLPT(levy | CLPT(levy | EL/E2=40 500 |
method) method) G12=G13=0.6 |
(Error %) EéS—OSEZ
S-CS-C |1 | 18543 19.365(4.4 19-0 25 o
%) v12=0.
a/h=10
S-C-S-C |2 | 64832 63.875 (L48 | n=1m
%) lkgm™"=p
s-c-sC |3 |137.71 140.728 (2.1 | Orientation
%) 0/90
$-S-SS |1 |11.154 11.292 (1.24
%)
S-S-S-S |2 | 30468 31.749 (4 %)
$-S-S-S |3 |63325 65.36
(3.11%)
S-F-S-F |1 |7.267 7.54 (3.6 %)
S-F-S-F |2 | 7267 732  (0.73
%)
S-F-S-F |3 | 7.267 7.742093
(6.5 %)
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time (10°(-6))sec

a2

Figure 2. Comparison of the present solution
with the numerical solution of Reddy [8] of two-
layer cross-ply (0/90) square plate under
suddenly applied sinusoidal loading (al-
analytical with CLPT, a2-numerically with

ANSYS).
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250 — Table 3. Experimental unidirectional mechanical
properties of fiber glass-Polyester with fiber
volume fraction0.3 (Density p=1496.286 kg/m3).

200 —

property Fiber-polyester
i composite plate
150 — Young modulus £;(Mpa) 22049.793
4 Young modulus E;(Mpa) 4163.89

Shear Modulus ,;(Mpa)= fz,= 1428.753

1.00 —

center deflection {cm)

Shear Modulus &;; (Mpa)= &, 1428.753

l—— L irrear NFfotor

l— L\ T

0.00

0.000 0.001 0.002 0.003 0.004

Time(sec)
Sarmplfe
Al g
FForrmnace
280 — - - - -
Ref2__ Figure 4. operating principle of TMA.
1 /4 ANSYS ---
200 — ' a
=
““: 150 —
= 1004 }
0.50 —
1 Figure 5. TMA PT1000 device.
0.00 T | T | T | T |
0.000 0.001 0.002 0.003 0.004
Time(sec)
A2

Figure 3. Comparison of present study with Hui-
Shen Shen et al [3] for laminated square plate
under thermal loading condition at
(A T =200 C°.
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Table4. Experimental value of mechanical and
thermal properties of fiber —polyester composite
plate for fiber volume fraction= 0.3 changed
with temperature.

T E; E; Gy,=6:= | &y oy
C° | Mpa Mpa Gz E-6/K | E-6/K
Mpa
20 24627.0 5588.04 | 1551.77 1457 | 47.81
30 23343.30 | 4123.11 | 1618.65 9.03 31.7
40 21775.40 1550.22 | 2505.75 7.20 29.36
50 15219.80 1515.37 | 623.423 4.79 25.79
60 6475.41 566.8 1142336 | 3.20 21.38
70 2990.82 458.59 113.535 3.18 15.60
80 2555.71 289.27 130.48 3.22 15.59
90 1471.90 210.49 158.83 3.08 15.19
100 | 903.90 193.84 138.48 291 12.58
110 | 741.31 191.75 131.74 2.75 11.57
120 | 674.40 187.53 125.23 2.57 10.47
130 | 644.70 186.51 122.56 248 9.34
140 | 629.01 185.19 117.59 2.45 7.67
150 | 612.02 182.66 107.81 244 5.28
160 | 597.61 181.88 100.28 2.44 4.19
170 | 592.41 173.50 95.414 244 3.90
180 | 592.22 164.55 95.04 2.45 3.88
190 | 591.02 163.91 85.71 2.46 3.66
200 | 590.57 153.3 83.64 2.47 3
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Figure 6. Lee's disk apparatus.
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a- Thermal conductivity
spacemen

~
-

b- Dimension of thermal
conductivity spacemen

Figure 7. Thermal conductivity spacemen

dimension.
3L'Lu b 3cm
7>
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| h
I |

Figure 8. Dimensions of plate that used in
vibration test.
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Figure9. Block diagram of vibration structure
rig.
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Figure 10. Rig and Vibration Test Machine of
Composite Plate Structure.

Table 5. First three frequencies in (HZ) for four
layers symmetric cross ply with different B.C's

B.C's CLPT Finite element Experiment
(Levy) ANSYS al
(Error %) (Error %)

SSCC | 410.15(2.2%) 401.04(0.10%) 401.461
581.23(3.5%) 576.84(4.2%) 602.192
963.8(2.5%) 981.21(0.71%) 988.21156

SSSS 223.96(3.2%) 217.533(6%) 231.479
458.5(1%) 460.712(0.6%0) 463.2736
724.2(4.3%) 696.239(7.99%) 756.733

SSFF 100.66(8.7%) 94.037(1.5%) 92.644
120.8(2.3%) 119.657(3.2%) 123.65
301.97(2.9%) 288.314(1.7%) 293.36

Table 6. Effect of boundary condition on
natural frequency in (HZ) (0/90/90/0).

Boundary Analytical F.E.M
condition Levy ANSYS
(Error%)
S-C-S-C 410.15 401.04
(2.2%)
S-S-S-S 223.96 217.533
(2.9%)
S-F-S-F 100.66 93.99
(6.6%)
S-F-S-C 120.77 124.66
(3%)
S-C-S-S 304.5 296.75
(2.5%)
S-F-S-S 105.68 105.7
(0.02%)
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Figure 11. Effect of aspect ratio for symmetric
cross plies on natural frequency.
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Figure 12. Effect of thickness ratio for
symmetric cross plies on natural frequency.
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Figure 13. Central deflection of four layers
symmetric cross-ply laminated plates for variant
sinusoidal dynamic load without temperature
change.
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Figure 14. Central deflection of four layers Figure 16. Central deflection of four layers
symmetric cross-ply laminated plates for variant symmetric cross-ply laminated plates for step
uniform dynamic load without temperature sinusoidal dynamic load with temperature
change. change.
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Figure 17. Central deflection of four layers
symmetric cross-ply laminated plates for ramp
uniform dynamic load with temperature change.

Figure 15. Central deflection of four layers
symmetric cross-ply laminated plates for step
uniform dynamic load with temperature change.
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Figure 18. Central deflection of four layers
symmetric cross-ply laminated plates for ramp
sinusoidal dynamic load with temperature
change.
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Figure 19. Central deflection of four layers
symmetric cross-ply laminated plates for sine

uniform dynamic load with temperature change.
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Figure 20. Central deflection of four layers
symmetric cross-ply laminated plates for sine
sinusoidal dynamic load with temperature
change.
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Figure 21. Effect of aspect ratio on central
deflection of four layers symmetric cross -ply
laminated plates for step sinusoidal dynamic
load without temperature change.
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ABSTRACT

This paper deals with calculate stresses in Knee-Ankle-Foot-Orthosis as a result of the effect
vibration during gait cycle for patient wearing KAFO .Experimental part included measurement
interface pressure between KAFO and leg due to action muscles and body weigh on Orthosis.
also measurement acceleration result from motion of defected leg by accelerometer .Results of
Experimental part used input in theoretical part so as to calculate stresses result from applying
pressure and acceleration on KAFO by engineering analysis program ANSYS 14.Resultes show
stresses values in upper KAFO greater than lower KAFO that is back to muscles more effective
in thigh part lead to recoding pressure higher than pressure in shank part.

Keywords: knee, ankle, foot, orthosis, pressure, stress, acceleration
*alilS diga 3gd ; piualall il % ala lalw daas o *EAh 3l a2l 2

LSS Al Auigh anid/ Aaigh A0S/ (5 el dnala
LSSl g o/ Fnig A/ Ay peainaal) aalallo

-AadAl)

il By 90 oL Alialall 51 3] il Aaii A8 ) JalS pa & 5 diisa A 5] siall Cilalgal) a5l Cand) 138
S, diaall e aveall (555 i limall il Cunn By disall (s A1 Taia Gl Leall ¢ Jall ey (yms sal
(Hendl ¢ 5all il Jaxids, (accelerometer) dusadll (ald Slea ddawd 5 Aliaal) Glall 48 ja (e Ul il ul
ol Jalail) zmalya sinaall e Jamal 5 Jaial) Jades (e Al clalga¥) il il 5l o 5all 3 cidaas
o Al el e ot 3830 CBlne vie vl o) 8 Aasll clalea¥) ded ) il ¢ jelsl ANSYS 14

Gl il b sl (e o) 320 Ailie 3 Alacadll Jaaal) e G 3 ga ) g Fd) A

..\LGA.\6Mcd§¥3c&uc@)cdauc?ﬁjwj\ﬁwﬂ‘

136


mailto:ayadtakak@yahoo.com

Ayad M. Takhakh
Jumaa S. Chiad
Fahad Mohanad Kadhim

1. INTRODUCTION

An orthosis is a device that is applied to a part of
the body to correct deformity, improve function or
relieve symptoms of a disease. The word is derived
from ortho, meaning straight [Alaa'SaeedHadi].

Orthoses added to the body to stabilize or
immobilize a body part, prevent deformity, protect
against injury or to assist with function. They can be
divided into different types based on their intended
function [CIGNA HealthCare].

The term KAFO is an acronym that stands for
Knee-Ankle-Foot Orthoses and describes the part of
the body that the device encompasses. The device
extends from the thigh to the foot and is generally
used to control instabilities in the lower limb by
maintaining alignment and controlling motion.
Instabilities can be either due to skeletal problems:
broken bones, arthritic joints, bowleg, knock-knee,
knee hyperextension or muscular weakness and
paralysis [Jumaa S. Chiad].

Typically, KAFOs are extremely mechanically
simple and often have few moving parts. This
simplicity is accompanied by ease of donning and
durability but leaves functional abilities only
partially improved. Historically, KAFOs have
locked the knee joint, providing stance phase
stability while preventing knee motion during swing.
Alternatively, KAFOs with an eccentric knee joint
allow knee motion during swing but provide limited
stability during stance. Either design results in
inefficient gait[Jumaa S. Chiad].

These devices use a knee joint that is mechanically
stable during the stance phase but releases at swing
phase. The resulting gait is much smoother than the
gait with a traditional KAFO where the knee remains
locked throughout the entire gait cycle. Continued
engineering development and creativity will be
required for evolution of these designs into viable
components for use by patients with knee instability
during stance[Jumaa S. Chiad].

The human being in the environments of modern
technology has to endure stresses of many and

Vibration Measurement and Analysis of knee-Ankle-
Foot Orthosis (KAFO) Metal-Metal type

varied kinds of vibrations. These vibrations have
significant effects on the physical and mental health.
It has been observed that the stresses imposed by
vibration have produced changes in the normal
functions of the human body. The Whole body
vibration can cause severe motion sickness which
depends on the mechanical properties of the human
body [AkeelZeki Mahdi].

2. EXPERIMENTAL PROCEDURE

The measurement occurred on girl under going
from Polio in her left leg as a case study. The
pathological subject is of age, weight, length and the
residual palsy limb of 30years, 59kg, 156 ¢cm, and 76
cm respectively.
so as to know the magnitude of stress that result
from vibration in each position of knee Ankle Foot
orthoses during dress up by patient must be
measuring and calculate many necessary vibration
data

1. Measure acceleration for KAFO by using portable
acceleration sensor as shown in Fig.1 in different
position the sensor was located in

a. The center of ankle.

b. The mid of knee.

c. The mid of the thigh

The sensor was recording data, while patient was
walking in her normal speed on the ground in
straight way.

2. Measuring pressure: The pressure between the leg
and knee Ankle foot orthotic was measured by using
piezoelectric sensor as shown in Fig.2 .The pole of
sensor connected with multi-meter devise to obtain
the magnitude of voltage that result from response of
sensor through the stance phase explained in Fig.3.
.The multi-meter and piezoelectric are interface with
the computer and recording data as shown in Fig. 4.
The pressure measured in shank and thigh region
each position was divided into three parts
longitudinal, in the middle and two parts on the
terminal of the piece as shown in Fig. 5.The
program of multi-meter giving maximum and
minimum value of voltage with time Take maximum
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value of this to be the pressure in this point .The
procedure will be recurred to another part so as to
obtain on the pressure values in all position that
contact with muscles of leg as shown in Fig. 6. To
convert the measurements to pressure, the following
calibration steps must be done:

1. Using different disc masses of
50,100,....500gm

2. Put the gradual steps the masses over the
pressure sensor and read the voltage from
the multi-meter as shown

3. Develop the mass (or force) with voltage
relationship.

4. Convert the force-voltage relation to
pressure-voltage relation by dividing each
force by the circular cross sectional area of
sensor. The chart of calibration in Fig. 7 is
already now to using.

3. THE NUMEIRCAL ANLAYSIS

The finite element method (FEM) is now widely
used in a variety of fields in engineering and science.
Taking the advantage of the rapid development of
digital computers with large memory capacity, as
well as, fast computation. The method is recognized
as one of the most powerful numerical methods
because of its capabilities which include complex
geometrical boundaries and non-linear material
properties. In this work, FEM is with aid of ANSYS
Workbench 14 software used as a numerical tool to
determine the behavior of maximum stress [The Iron
& Steel Society].

e Building the geometry as a model.

e Applying the boundary conditions load and
obtaining the solution.

e Reviewing the results.

4. GRAPHING OF THE GEOMETRY

In this paper selection metal-metal knee ankle foot
orthosis (KAFO) model was drawn by using CAD
system (AUTOCAD) which processed according to
an default pattern in three dimensions .The
dimension was taken from the same KAFO that
done on it measurement of experimental part. The
aim of drawing models by AUTOCAD so as to use
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in ANSYS workbench program for modeling,
meshing and defining boundary condition such as
applied load. The models is illustrate in the Fig. 8.

5. MATERIAL SELECTION IN KAFQO’s

Various materials used in the manufacturing of
KAFO depending on the type of KAFO such as
(metal-metal, plastic-metal) and position of each
section that building structure of KAFO like material
used in the knee joint different from used in sole ,
the materials are: Stainless steel, Polypropylene and
Aluminum

5.1. Stainless Steel

Stainless steel used for making the uprights side
bars, knee joint system, ankle joint system and
system shoe stirrup in of Metal — Metal KAFO as
shown in Fig. 8. Stainless steel using in this sections
because of the good characteristics like resistance to
corrosion in  many environments, their good
mechanical properties over an extremely wide range
of temperatures, and their superior resistance to
oxidation and scaling at very high temperatures [The
Iron & Steel Society], the mechanical properties of
standard Stainless steel are listed in the Table 2.

5.2. Polypropylene

PP has low density and good flexibility and
resistance to chemicals, abrasion and moisture, but
decreased  dimensional stability, mechanical
strength, and resistance to UV (ultraviolet) light and
heat [Maier C, & Calafut].Polypropylene used for
making sole section of Metal — Metal KAFO, The
mechanical properties of standard polypropylene are
listed in the Table 3.

5.3. Aluminum:

Aluminum alloys 1200 were selected as the
material for the calf band in the metal -metal KAFO
in the thigh and shank section due to their light
weight, high strength-to-weight ratio, corrosion
resistance, and relatively low cost. , The mechanical
properties of standard aluminum alloy 1200 are
listed in the Table 4.
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6. MESH OF THE MODEL

The meshing process has been done by choosing
the volume, and then the shape of element was
selected as tetrahedron (Automatic meshing), for
metal-metal model as shown in Fig. 9 contain total
number of elements was (95298 elements) with total
a number of nodes of (182108 nodes).

7. DEFINING THE ANALYSIS TYPE AND
APPLYING LOAD

The boundary condition applying in the ANSYS
Workbench software will be fixed support at the sole
and the tip of the calf for both of shank and thigh
segments. While, the interface pressure was
distributed on the calf for both of shank and thigh
segments shown in Fig. 10, and enters the values of
acceleration measured in thigh, knee and Ankle
shown in Fig.11.

8. RESULTS AND DISCUSSION

Observed by comparing the results of acceleration
and frequency in the case of metal - metal knee
ankle foot orthosis in Table 1 to a person suffering
from poliomyelitis disease find increase in the value
of acceleration and frequency in knee joint this is
due to more movement at knee joint comparing
with ankle and thigh joints during gait walk cycle
also it is very important to know that the knee joint
is a bone region this is mean that there is no muscles
working as a damper to reduce acceleration and
frequency at this region according to this analysis
acceleration and frequency increased in knee joint
with about (62.3% and 46%) respectively comparing
with ankle joint and with (30.19 %and 18.46%
)respectively comparing with thigh joint.

All the readings of the interface pressure
measurement  are shown in Fig. 5.The difference
between all these reading is related to value of
pressure which is related to the activity of the
muscles during which the pressure sensor is
connected to measure the value of the interface
pressure. The max value of IP in KAFO lower bands
was recorded at gastrocnemius muscles with values
of 28 Kpa While the max value of IP in KAFO

Vibration Measurement and Analysis of knee-Ankle-
Foot Orthosis (KAFO) Metal-Metal type

139

upper band is recorded at biceps femoris and
semitendinosus muscles with values of 58 Kpa.

Figs. 12 tol4 show the general contour of Von
Mises stress for KAFO resulted from the ANSYS 14
program. The figures also shows that the Max value
of stress is recorded at the upper medial KAFO side
with 23.6 Mpa in region of bar contact with Gracilis
muscle, while the Max. Value of stress at upper
lateral KAFO side is 5.2 Mpa at the illotibial band
region. Also Figs. 17 and 18 show that the Max
value of stress is recorded at the lower lateral
KAFO side with 2.49 Mpa in region of bar contact
with soleus muscle, while the Max. value of stress at
lower medial KAFO side is 1.62 Mpa at bar contact
with peroneus longus muscle .Figs.20-24 show the
stress distribution in the uppers and lowers bands.it
is clear that the Max. values of the stresses recorded
in the upper bands is 6.5 Mpa exactly at the upper
calf for thigh contact with semitendinosus muscles
regions ,while the Max values of the stresses
recorded in the lower band is 3.78 Mpa exactly at
the upper calf for shank contact with gastrochemius
muscle regions .Results at figure(28) shows that the
values of stresses at the upper KAFO bands (thigh)
are greater than the lower KAFO bands (shank).This
is certainly because of the values of pressure in the
upper leg (thigh muscles )are higher than the
pressure in shank muscles.

9. CONICLUSIONS

1- The max value of interface pressure in KAFO
upper calf was recorded at semitendinosus muscles
with values of 58 Kpa while the max value of
interface pressure in KAFO lower calf was recorded
at gastrocnemius muscles with values of 28Kpa.

2- The level of stresses in the upper KAFO thigh calf
is greater than the lower KAFO shank thigh due to
the high activities of the thigh muscles in
comparison to shank muscles.

3- The maximum stress in the KAFO which was
calculated numerically recorded at the bar contact
with Gracilis muscle for Knee Ankle Foot Orthosis
Aluminum.



4-Maximum value of frequency was recorded in
knee joint with the value 6.5 Hz and maximum value
of acceleration at knee joint about 5.578 mjsg
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Tablel. Vibration data for metal KAFO.

Vibration data for the metal knee ankle foot
orthosis

) RMS Acceleration
Point amplitude (mfsg) Frequency(Hz)
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Ankle 2.069 3.5
Knee 5.578 6.5
thigh 3.894 5.3

Sensor of
Acceleration

Figure 1. Acceleration sensor device.

Figure 2. The piezoelectric sensor.
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Sensor of
pressure

Figure 3. Pole of sensor connected with multi-meter
devise.

The program of
multi-meter

Multi-meter

£ /‘* device

Figure 6. The pressure measured in shank region.

The piezoelectric

sensor of pressure
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Figure 5. The model subjected to pressure load.
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Figure 8. Graphing of the geometry and material

selection in KAFQ’s.

Table 2. The mechanical properties of standard

stainless steel.

Young’s _ _ Density
Poisson ratio K
Modulus (GPa) "9/ 2)
210 0.3 7800

Table 3. The mechanical properties of standard

Journal of Engineering

Table 4. The mechanical properties of aluminum

alloy 1200.
Young’s . . oo kg
Modulus (GPa) Poisson ratio | Density("</, z)
70 0.3 2700

polypropylene.
Young’s : : -
Modulus (GPa) Poisson ratio | Density( ;ma)
0.9 0.3 890
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Figure 9. Mesh of the model.

Figure 10. The model subjected to fixed support.
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Applied acceleration
10000 20000 (mm)
150,00

10 ey

g

Figure 11. The model subjected to acceleration. Figure 14. The Von-Misses stress due to loading
boundary condition (IP) at bar contact with vastus

lateralis muscle for KAFO Aluminum model.

Figure 12. The Von-Misses stress due to loading
boundary condition (IP) at bar contact with Gracilis
muscle for KAFO Aluminum model.

Figure 15. The Von-Misses stress due to harmonic
body motion (acceleration) at bar contact with vastus
lateralis muscle for KAFO Aluminum model

s 500

Figure 13. The Von-Misses stress due to harmonic
body motion (acceleration) at bar contact with Figure 16. The Von-Misses stress due to loading

Gracilis muscle for KAFO Aluminum model. boundary condition (IP)at bar contact with peroneus
longus muscle for KAFO Aluminum model.
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. &)
o I “-ﬁ“ o - '
Figure 17. The Von-Misses stress due to harmonic body Figure 20. The Von-Misses stress due to loading
motion (acceleration) at bar contact with peroneus longus boundary condition (IP) at upper calf for thigh contact
muscle for KAFO Aluminum model. with semitendinosus for KAFO.

Figure 18. The Von-Misses stress due to loading Figure 21. The Von-Misses stress due to harmonic body
boundary condition (IP) at bar contact with soleus muscle ~ motion (acceleration) at upper calf for thigh contact with
for KAFO Aluminum model. semitendinosus for KAFO.

Figure 19. The Von-Misses stress due to harmonic body Figure22. The Von-Misses stress due to loading
motion (acceleration) at bar contact with soleus muscle boundary condition (IP) at lower calf for thigh contact
for KAFO Aluminum model. with semitendinosus for KAFO.

144



Ayad M. Takhakh Vibration Measurement and Analysis of knee-Ankle-
Jumaa S. Chiad Foot Orthosis (KAFO) Metal-Metal type
Fahad Mohanad Kadhim

}'J (1]} 15000 A0 ()
= Tl (2
Figure 23 The Von-Misses stress due to harmonic body Figure 26. The Von-Misses stress due to loading
motion (acceleration) at lower calf for thigh contact with  houndary condition (IP) at lower calf for shank contact
semitendinosus for KAFO. with gastrocnemius muscle for KAFO.

Figure 24. The Von-Misses stress due to loading Figure 27. The Von-Misses stress due to harmonic body
boundary condition (IP) at upper calf for shank contact motion (acceleration) at lower calf for shank contact
with gastrocnemius muscle for KAFO. with gastrocnemius muscle for KAFO.

. "
,'/ (17} ] HB00 (rrer) %

- 150 [

Figure 25. The Von-Misses stress due to harmonic body ] )
motion (acceleration) at upper calf for shank contact Figure 28. Total stress result from applied pressure
with gastrocnemius muscle for KAFO. and acceleration on the model.

145



Number 2

FINITE ELEMENT EQUATION

The displacements are represented by the following
equations:

v==Ca +Cy X+ Cp¥ +Cp Z 1)
W= 031 + CﬂX + 033Y+ 0342

Considering the nodal displacements, the
following equations must be satisfied:

U=U; at X=X, Y=Y, and Z=2Z,

U=U; at X=X, Y=Y] and Z=Z,
U=Up at X=X, Y=Y, and Z=12Z,

U=U; st X=X, Y=Y, and Z=Z,

Similarly, requirements must be satisfied:
V=V, at X=X, Y=Y, and Z=7Z,

V=V, at X=X, Y=YJ and Z=2,
V=Vp atX=X, Y=Y, and Z=2,
V=Y, at X=X, Y=Y, and Z=2,

Also:
W=W, st X=X, Y=Y, and Z=2,

W=W, at X=X, Y=Y and Z=2Z,
W=Wg at X=X, Y=Y, and Z=Z,
W=W, at X=X, Y=Y, and Z=2,

Substitution of respective nodal values into Eq. (1),
results in 12 equations and 12 unknowns:

u, =Cy +CpX; +CY, +C 2z,
u, =C, +C,X, +C,;¥, +C,Z;

(2-2)
HK = C“ + CDXK + C13YK + CHZK
u, =C, +C, X, +C.Y; +C,Z;
Also,
v, =Gy +CpX; +CpY, + G Z,
v, = Cll + CDXJ + ngyj + C24ZJ (2-b)

1;K :CJI +CJJXK +C13YK +CJ4ZK
v =Cy +Cp X, +CyY, +CLZ;
And
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wy =Gy + G X + Gyl + G Z
Wy =Gy +C X, +CiY, + G Z;
Wy =Gy +Cy X + Gy + G5 Zy
wp =Gy +C X +CiY + G Zy
Solving for the unknown C-coefficients,

substituting the results back into Eg.(1), and
regrouping the parameters, obtained:

(2-¢)

u=_S8u, +Su, +Su, +S,u,
""ZSI""; +S},1’“J +S3VK +S_Lv£ (3)
w=Sw, +S,w, +S;w, +S5,w,
The shape functions are:
s = i(ar + b, X+, ¥ +d,Z)
aoF 7 - : 1

1
S, =—(a, +b, X +c, ¥ +d,Z
2 6V(.I J J J) (4)

1
S, =—(ay +b, X +c, ¥ +d, 7)
6
1
S, =—(a, +b, X+, ¥V +d, 7)
61

Where V, the volume of the tetrahedral element, is
computed from:

XI YI ZI
1 X, Y, Z
6V =det d ! d (5)
| X, Y, Z,
1 X, ¥, Z
The a, by, ¢, d,... d.-terms are:
X, ¥, Z 1Y, Z,
a,=detx, ¥, Z b, =—detl ¥, Z,
X, ¥, Z, 1Y, Z
(6)
X, 1 z, X, v, 1
c,=detlX, 1 Z, d,=—detlx, ¥, 1
X, 1 z, X, 1 1

The only six independent stress components are
needed to characterize the general state of stress at a
point. These components are:

[6]T = [Cax Oyy Ozz Tay Tyz Txz) (7)
Where oxx, oy, and o, are the normal stresses and
Ty, Tyz, and Ty, are the shear-stress components. For
the displacement vectors that measure the changes
occurring in the position of a point within a body
when the body is subjected to a load, it may be recall

_)
that the displacement vector & can be written in
terms of its Cartesian component as:
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—-

5 = I'i(‘rﬂ J‘! Z) ?+ ‘.(‘rﬂ J‘!Z) })+ 11’"(“'{5 J‘!Z) ; (8)

The general state of strain is characterized by six
independent components as given by:

[e]'= [exx &y &z yXy Yyz 1X7] ©)

Where &, , &, ,and &, are the normal strains and
Yxy » Yyz » and vy, are the shear-strain components.

The relationship between the strain and the
displacement is represented by:
Bu & ow
T~ Ep T T
& & &r (10)
, v ow e w
fx!r' av at /:}E az 6\:],-' fx: az ax

Equations: (10) can be represented in matrix form as:

{e}=LU (11)
Where:
&
ox
5‘,.
Sxx —
6}‘
£ ow
{e}= €zl and LU= ?Z .
Ve _\ﬂ-v-_\i
Vi I
, o o
Va o o
&w  du
ow o
& &

L is commonly referred to as the linear-differential
operator.

Over the elastic region of material, there is also
exists a relationship between the state of stressed and
strains, according to the generalized Hook's law.
This relationship is given by the following
equations:

&, = %[Gaor - v(crw +0, )l

1

S [ W "'(Gxx +0; )l

!

(12)

o -v(o+a,)|

1
=—T_
G =

£

—

1
y =_rp
/ZX G o

Vo ZE% V2
The relationship between the stress and strain can be

expressed in a compact-matrix form as:

Vibration Measurement and Analysis of knee-Ankle-

Foot Orthosis (KAFO) Metal-Metal type

{o}=[DKs} (13)
Where,
Uxx
O-W
o-ZZ
{o}=
Ty
7y,
rXZ
1—-v \% Y 0 0 o
1-2v 1-2v 1-2v
\% 1—-v \% 0 0 o
1-2v 1—-2v 1-2v
c v \% \% 0 o o
[D]: 1-2v 1—-2v 1-2v
1+vi g 0 o Lo o
2
0 0 0 0 ES 0
2
0] 0 0 0O O ES
L 2]
EXX
gyy
=17
Py
Ty
}/XZ

For a solid material under triaxial loading, the strain
energy A is:

1
A© — E'[(GXX T OE, + 0, T T 1t TV H Ty )dv (14)
\
Or, in a compact matrix form,
N@:%jbrng (15.3)
A\

Substituting for stresses in terms of strains using
Hook's law, equation (14) can be written as:

A® =2 [{} [DYelav

By using the four-node tetrahedral element to
formulate the stiffness matrix. Recall that this
element has four nodes, with each node having three
translational degrees of freedom in the nodal x-, y-,
and z-directions. The displacements u, v, and w in
terms of the nodal values and are represented by:

(15.b)
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(16)
Where,

wn
—

0
S,

o
wn
—

Beginning by relating the strains to the displacement
field and, in turn, to the nodal displacements through
the shape functions. It is needed to take the
derivatives of the components of the displacement
field with respect to the x-, y-, and z- coordinates

according to the strain-displacement relation,
Eq.(11). The operation results in:
u;
By g By g By g By g v
ox N o o w,
r, 0 CTSI 0o 0 i 0 0 i 0o 0 ii 0 |y,
. @y y ay a
Ey as és. [ as, || Vs
0 0o =t o0 [ o — 0 0 —
1 N &z N & . &z . az |\Wr (17)
L T T T R P
&x ax & ox &y éx ve
& & & oy & oy & &y~
By BB BB S B S
&z &x 6z ox oz & &z & || Ve
Wy

Substituting for the shape function using the relation
of equation (4) and differentiating:
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= [BJuj a9
Where,

b, 0 0 b, 0 0 b 0O 0 b 0 0

0 ¢ 0 0 ¢ 0 0 ¢ 0 0 ¢ O

[B]_1 0 0 d 0 0 d; 0 0 dy 0 0 d;
6 ¢, b 0 ¢; b, 0 ¢y by 0 ¢ b 0

0 d, ¢, 0 d, ¢ 0 dp ¢ 0 d, ¢

d, 0 b, d, 0 b, dp 0 b, d; 0 b

And the volume V and the b-, c-, and d- terms are
given by Egs. (5) and 6). Substituting into the strain
energy equation for the strain components in terms
of the displacements, obtained:

e 1 1 T ! T
A9 =]y [Plejar = [T [BY Pl LU e

v v

Differentiating with respect to the nodal
displacements yields:

(19)

G [1 [T 5T [D][B][U]dv} 20)

U, U\ 23
for K=1, 2,., 12
Evaluating of Eq.(20) results in the expression

[K](e) {U } and, subsequently, the expression for the
stiffness matrix, which is:

[]° = [[8] [DYslav = {5T [D)5] @D

E,
Where V is the volume of the element. Note that the
resulting stiffness matrix will have the dimensions of
12x12.

The load matrix for a tetrahedral element is a 12x1
matrix. For a concentrated — loading situation, the
load matrix is formed by placing the components of
the load at appropriate nodes in a appropriate
directions. For a distributed load, the load matrix is
computed from the equation:

{F1? =[] {P}da 22)
Py
Where {P}= P,
P,

And A represents the surface over which the
distributed-load components are acting. The surfaces
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of the tetrahedral element are triangular in shape.
Assuming that the distributed load acts on the I-J-K
surface, the load matrix becomes:

Py
Py
P,
Py
Py

(e) AI—J—K P,
Y
Py
P,
0
0
0

The load matrix for distributed load acting on the
other surface of the tetrahedral element is obtained
in a similar fashion.

(23)
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ABSTRACT

In the city, building space could transform to be as place, because architecture does not include only
traditional values such as housing, human protection, stability, etc, but could carry other dimensions beyond
the housing or building occupancy or develop urban design. Rivers had vision in motion as a way to show
dynamic processes in its flowing slowly, which are simply measured in time and the life of citizens.

The research consider the river path in traditional cities as Alley connecting the spaces of the city ... old
Baghdad was characterized by this property and it is look like Venice in the past, while traditional European
cities were able to preserve this property till now, and capable to take transformation of the city with
development projects inside it. These cities was distinguished by development of river edge as creating place
along the river corridor and try to attract peoples who lived in, protect the natural environment along the
river, as well as reflect the characteristics of the city along of the elevation of the river, and conserve the
river banks as alley connected between urban spaces.

Baghdad which penetrates by Tigris River has maintained this feature until the middle of twentieth century.
So now, the research can see the absence of specialized local studies, including The comprehensive
development plan of the Baghdad city 2030 to study and Re design the spaces and places along river edge,
this led to emerge research problem, in the absence of specific knowledge about identity of river space
characteristics for identification of urban space in place of the Tigris River in downtown of Baghdad
historical city center, in the urban development plans since the mid-twentieth century until now, and study
design factors that contributed with disintegration of the space syntax relations in river elevation. Turning to
the experience of historical European cities and how to deal with urban space to the edge of the river and
created the identity of the place, especially the interface development experience the (Seine river in Paris,
Thames River in London, Tiber River in Rome, Danube River in Vienna & Budapest, VItava river in Prague)
and study urban style in dealing with the river edge, in order to reach the elements which define the identity
of each city. In order to reach the aim of research in redefining the identity of places for urban spaces
overlooking to integrate the banks of Tigris River in the historical city centre of Baghdad, and the methods of
linking the development of river front with the comprehensive development plan of the Baghdad city 2030.

Key words: waterfronts, historic architecture, urban design, urban renewal, development city center.
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1. INTRODUCTION

Water is important to the life and culture of
human kind which led to rich practices of water
harvesting and water storage/conservation
reflected in the development of considerable
variations in the forms of water structures, deep
stepped basins. Amongst Living Cultural
heritage, the performing and visual arts including
painting and sculpture, folk, tribal art and
handicrafts are significant. This unique
environment along with the context of color,
festivities and traditional way of life accumulate
to become the incredibly rich heritage. That is
“Baghdad”, Despite its growth from a small
princely town to an important heritage
destination, it has retained the hierarchical
relationship between the city and the people. Its
heritage is very much a part of its daily life and
constitutes the Baghdad river side of bright and
colorful costumes, festivals and historic fine arts.
In recent years, the development of waterfront
areas in the world has gradually become the hot
spot. A lot of cities are enthusiastic about
developing the waterfront areas. However, since
the urban design renewal theory in Iragi starts
relatively late, it cannot thoroughly improve the
waterfront environment. It is the urgent task of
develop workers to attach great importance on
the landscape ecology theory and draw on the
advanced waterfront urban planning experience
of foreign countries, combine the relevant
scientific knowledge, start from the ecological
environment of the whole city and respect the
local culture so that the waterfront urban design
may serve the city better. Moreover, they shall
sum up a set of practical waterfront urban design
theory. The research is carried out on the basis of
this.

The absence of local specialized studies and
invite local studies, including comprehensive
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development report to the need to study urban
design side of river edge born problem in the
absence of planning standards research to the
physical edges of the Tigris River in

downtown Baghdad, and the emergence of
Western studies specialized in developing
methodology planning research, and the need
for Western studies analysis of the design and
planning study of applicability on the edge of
river within the city of Baghdad.

The absence of a fact to the waterfront urban
planning design of water as well as the absence
of controls, and this was confirmed by the urban
development project for the city of Baghdad
2030 (phase | — final report).

1 URBAN WATERFRONT OF THE CITY

1.1 Cities and the Water Relation

The first great cities on the whole are to be found
in great river valleys and basins. Irrigation on the
necessary scale seems to have been developed
first of all in central Mesopotamia—Dbetween the
Tigris and the Euphrates—from about 6000 BC.
There the first city-scale developments were built
in Sumer, at Uruk (c. 3500 BC), Ur (c. 3100 BC)
and Eridu (c. 2750 BC). The presence of great
rivers made irrigation possible.
Power naturally accrued to those who built and
controlled the irrigation systems, not to mention
the defenses. None of this could have been
achieved without centralized planning. Small
wonder then, that the first cities show evidence
of social stratification and the development of
craft specializations.
So, four things in the first place, made the city
possible:

e  The separation of the built-up area from

the surrounding countryside, possibly by
defensive walls.
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e The development of irrigation systems
for intensive agriculture.

e The development of power structures by
which the irrigation systems, and other
aspects of urban life, could be
controlled—usually by kings and priests.

e The development of craft-specialties to
serve not only the needs or the desires of
the urban population but also as bases for
trade.Broadbent, 1990.

So on Al-Mansur founded the rounded Baghdad
city on the western side in (756-762 AC).

Since the ancient times, the urban development
cannot live without water. The city depends on
water and the water is the lifeline of urban life.
The function of the water to the urban manifests
its ecological adjustment function, the
ornamental function, the economical function,
the cultural function and social function. Many
cities are formed along the water and thrive
because of the water. The place with water
around has always been the place where natural
lives yearn for. Furthermore, the developed river
system promotes the transportation, which
further develops commodity circulation and
commercial prosperity. In such a way, cities are
formed. People live along the water and water
culture evolves. The water holds the important
status in the urban space environment. Both the
ancient and modern cities home and abroad often
primordially consider water source in its
selection of the location. (Huang, 2011, P.1162)
Since cities were founded in these things, it is
hardly surprising that cities ever since have been
permeated by them or their equivalents. As for
their physical design, cities and parts of cities
have grown in two ways. The first is described
by, Alexander, 1964, as the natural way in
which people simply start building, as they still
do in the shanty towns of the emerging world.
And then there is the artificial way in which a
master plan is prepared; streets laid out, squares
and urban blocks on to which buildings are then
placed according to some planners’ sense of
order. This contrast will recur many times in the
research. So wills another contrast: between
formality and informality. The ‘natural’ city
tends towards informality, not to mention an
apparent disorder whilst the planners will want
their conscious decisions to show. Most
planners aim for regularities of a kind which
show that human minds have been at work; but
some aim for a self-conscious irregularity of the
kind we call Picturesque. This is largely about
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that contrast but of course it will have to be put
into context. Broadbent, 1990.

The Importance of Urban Waterfront is a
particular region of the city. It means the land or
buildings which are adjacent to the city part of
the water body such as the rivers, lakes and
oceans, and it plays an important role in the city:
- The waterfront is a kind of scarce resources in
the city, and it has great economic value.
Usually, the Urban Waterfront has the
advantage of landscapes and traffic, therefore
it is active in business and real estate activities,
and the land price is higher than some other
regions. Waterfront building often represents the
degree of the development of each city and the
social image.

- The waterfront has unique community cultural
values. Waterfront could supply the people's
lives hydrophilic sites, and attract a large number
of people and business to be gathered here to
view, play, and enjoy the water. For example, the
hydrophilic sites which are created along will
make the management of the river towards to the
functions of leisure development, using "water"
as the starting point for the public to show the
story of a city through the ages.

- The waterfront has the natural advantages of
climate and landscape value, and it can regulate
the local climate, cleaning up the environment,
providing people with a high quality of life,
Hongyu, 2010. Such as the European cities, it
attracts numerous tourists to spend their holidays
for its picturesque landscape and pleasant
weather Waterfront can provide people with
health, leisure and quality of life, but flooding
is a major threat to its security. When we are
enjoying the benefits of the waterfront, the flood
prevention and hazard reduction must be
focused in urban design to ensure the safety of
the waterfront.

1.2 From space to achieve place in waterfront

A sense of a place of emotional gratification of
components through living in a desirable and
close itself and reflects the general concepts,
goals and needs as a sense of support. The
identity and cohesion of the community, keeps
the place memories retains its value as image,
and allows for a person to dream of quietly, and
carries the imagination and memory for image
formation. Hence the importance of the place and
felt it was one of the factors that incorporate
ideas and memories to create continuity factors.

The space could transform to be place,
architecture does not include traditional values
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just as housing and provide protection and
stability but could carry other dimensions beyond
the housing or building works or urban design.
The rivers have freedom of movement, vision in
motion which is a way to show the dynamic
processes in simply measured with time. The
section river edge works as indicator used in
design since the difference in water level, river
edge influence shape and form design inorder to
define the identity of the place.

The place is not abstract meaining, but is all
made of real things and possess a moral and
material, formal, sensory properties and
symbolism  are  specific  environmental
identification constitutes the core of the place.
The place product of many forces, natural and
social history, and a spatial property create
human environment satisfactory, either stages of
sense of place: (attention, sensation, feeling,
perception, cognitive perception).

1.3 Principles of the Place of Waterfront

The main feature of the waterfront area design
trend to solve a series of complex and
comprehensive problems; it refers to many areas
of knowledge and technology. Waterfront has
many functions in the city's natural systems and
social systems, such as water conservancy,
transportation, recreation, urban image, and
ecological function, etc. Therefore, the
waterfront project involves shipping, river
training, water reserves and supply, adjusting
flood drainage, vegetation and animal habitat
conservation, water quality, energy, urban
security, architecture and urban design and
other aspects. Each city's rivers or the waterfront
area has its own unique functional requirements
and cultural characteristics, Fig.1. This
determines the waterfront planning and
landscape design should be a multi-angle designs
which able to meet the characteristics of different
cities. Urban waterfront landscape cultural
design includes the reasonable functional of
landscape visual aesthetic artistry and regional
culture etc. The design achieves the harmony
between people and places. Construction of
urban waterfront areas should re-examine the
city of this valuable resource based on new ideas,
and carry out the waterfront urban design from
the city's eco-systems, landscape systems,
cultural systems and cultural factors. Among
those cultural factors are particularly important,
Zhu, 2011.

Along with the social and economical
development, the construction and exploitation
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of the wurban shore districts has become
increasingly active, particularly since this
century, many cities has carved in the
development of the water shore area. Generally
speaking, these efforts are fruitful. But problems
also exist, as in Huang, 2011.

1.3.1 Social purpose

The expansion of city changes the structure of
urban fabric and alienates people from the
nature. So, the people lack the necessary and
useful contact with the nature. As a result, the
design of waterfront shall provide the chance for
city dwellers to touch the nature and protect the
present water culture in a city, fully excavate and
continue the historical and cultural characteristics
of a city, and carry forward the profound
humanistic background and shape the new
images of a city.

1.3.2 Ecology principle

Waterfront urban design is an important part of
the open space of a city and the material carrier
of the entertainment activity of city dwellers. As
the compound area for the intersection of land,
water and wetland, water can adjust the
temperature and humidity of a city.

Ecology refers to the interactive relationship
between the living beings and environment. To
protect and develop the water resource of a city
and provide city dwellers with a harmonious
living environment is the responsibility that
cannot be avoided by the city design. The
waterfront landscape space shall provide the link
for the city to contact the nature. Together
with vegetation, water can improve the physical
environment of a city, create a good ecological
environment and shoulder the responsibility of
adjusting the ecology of a city. So It is the green
corridor of a city and an important “base” for
maintaining and establishing the biological
diversity of a city.

1.3.3 Economic purpose

The waterfront space is not only a space for
visiting and resting but also the material carrier
of entertainment economy. Excellent waterfront
space will demonstrate the unique feature of a
city to the people, attract visitors from other
places and rise people’s entertainment and
consumption desire, therefore, promote the
development of the tertiary industry, provide
more employment opportunities for the dwellers
and create more wealth for the city.
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1.3.4 Respect regional culture

The urban elements for waterfront design shall
give priority to the local features so as to display
the regional character, Artful application will
highlight the local characteristics; meanwhile,
the local plants have the advantages of high
survival rate and low maintenance cost. The hard
composition elements of waterfront design such
as the bulding facade, shelters, street
furnitures, bank, footpath, road pavement
and decoration, etc, Fig. 1. should also use local

materials as much as possible. The local
materials can bring wvery striking local
characteristics and reflect the language of

different from the common run. The design of
benches, railing and indication board shall also
adopt the symbols with the local features so as to
show the extraordinary temperament of the city.
The modeling of waterfront shall reflect the local
spirit. Therefore, the design should firstly
understand the history and culture and excavate
the deep historical connotation of the site. The
waterfront usually embodies very rich historical
memory. It seems that the old stone bridge,
ancient shipside, the building character and
decoration patterns of the local folk house,
improve the vigor of waterfront and shape the
new image of a city.

1.4 The Impact Factors on the Shaping
Waterfront

Based on the affecting factors that planning and
design of river edge, depending on the specificity
of historic cities. These factors can be applied to
river edge and waterfront:

1.41 City and water culture

The human feel with his entity about the place of
memories associated with his passion and a
meaningful for him, that human existence is
through man's relationship to the world as
meaning where the emotional and sentimental
meanings leading to its interaction with
belonging to the place.

Water is the origin of life. It is the substances
that distribute the widest on the Earth. It is most
important physical conditions people live on. It is
closely linked with humanity's activity. The
nation water culture is well-established. In the
long-term production lifecycle, people have
maintained a close relation with the water. From
the initial worship of water, the awe to the water,
the ancients had transmitted gradually to
understand, exploit, utilize and appreciate water,
and develop many philosophy, these thoughts are
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glittering throughout in the national culture that
brands deeply in each heart's. And in the human
development and evolution, people also express
their understanding, therefore water culture with
material and the spiritual wealth formed.

1.4.2 Preparation of alternative planning

strategies

Show alternatives available to study the effects

of planning and process planning design

principles in the development of the river contain
the following interface Fig. 2, Nickels,2006 :

» Linear Strategies: it depends on the open
space with a strong linear axis along the
water edge and then publishes the spaces and
events along the water edge. It emphasizes
the strong interdependence between North
and South.

» The String of Pearls Strategies: it depends
on the nodes, and in this schema have five
major nodes which bind the public spaces of
the city with the edge of the water. This
schema defines the events along the water's
sites and main poolers, which note the
relationship exists and its surroundings from
the land.

e The Bow Tie Strategies: in this schema the
focus of activity in the northern and southern
edge with node status and these three are
linked through a linear parks.

1.5 The Components of the Waterfront

The human factors of waterfront urban design
should focus on the combination of modernity
and tradition to embody the spirit of local
color and culture. Although it is carrying out
modern-style design, it cannot be completely to
depart from the local culture and local
humanistic history. There are two ways to deal

with this issue. Zhu, 2011.

* In order to retain the traditional graphic
patterns or the cultural spirit, it follows the
traditional layout on the whole and presents a
certain modern style and modern technology
on handling the materials and pitch points.

* Another method is to abstract traditional
modeling form and to use symbolic forms for
migrating into the modern design in order to
make people to receive the information and
trace of history indistinctly.

The waterfront design can pass through the

following aspects of the specific designed to

enhance the cultural factors, as measured
factors of urban waterfront and problem in its
design:
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15.1 Land Use

The entire visual order of a city is like an
organism in that it is not made up of self
contained parts. Interaction between the parts is
continuous and essential to form a coherent and
legible urban environment’. Mixed land-use
along the waterfront can be classified as one
which includes the palace complex, residential,
commercial, religious and institutional uses.
Although, the social/political climate of the
formative years led to definitive patterns of land
use and hierarchies in the built form, they have
diluted due to changes over time. However,
certain influences still remain. Samant, 2010.

1.5.2 Activities

The River City's history is linked closely by
several aspects of the ancient events that were
taking place on the river edge and ancient
buildings and their functions and locations for
river edge and old river edge location change and
dealing with the current displacement. Contribute
to events taking place on the river edge and
recovery as well as the nature of actors influence
in determining the nature of design and
furnishing. Casalino, 2005.

Some cities neglect the local characteristics in
the construction of the waterfront. They apply
mechanically the success stories home and
abroad, blindly pursuing the so-called
modernization. The civic culture is formed after
a long term accumulation, and the waterfront
often is the carrier of its history and culture.
Neglecting the historical background of the city
will result in the absence of the special
characteristic of the city and its spatial identity,
destroying the unique image of the water shore
city, affecting the extension the urban culture.
Huang, 2011.

1.5.3 Landscape & Plant design

Plant design should take into account of the
characteristics of the waterfront landscape,
namely waterside. The best choice is the
cultivation of hydrophytes, such as reed, flag
leaf, water lily, iris pseudacorus, etc. These
plants not only contribute to the better
environment, but also clean the waters.
Moreover, the growing season of plants should
be concerned. Specifically, there are multiple
seasonal cycles of plant in the same landscape,
and this produces that the landscape has a
corresponding plant in each season. However, we
must choose the plants, which can match the date
of the historical events, in designing some
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waterfront landscape of a memorial and
historical of events. And this leads to the best
view of the whole landscape in the activity’s
period. Therefore, plant is one of elements in the
landscape system design and has an impact on it.
(zhu, 2011, P.6566).

1.5.4 Built Form

The place structure where the relationship
between space and the viewer, or between
elements as a set of relationships that appear in a
specific point of time and place.

The historic area along city waterfront with its
sense of place through its distinctive organic
order, density, vernacular architecture and a built
form that is recognizable as a singular entity.
Built form is a result of evolution that has been
guided by dominant determinants such as its
socio-economic hierarchy/structure, political
and religious factors, climate, availability of
materials and technology. Samant, 2010.

155 Sidewalk design

The sidewalks along the river give opportunity to
bring the community to the waterfront, and
the successful experiences to convert a few areas
to public space and promoting River
environment without negative impact on them
through design. As well as benefit from the
extension of sidewalks in the foreground area
increase River and deal with different levels
provided site sitting River sessions and various
optical sights, Fig. 1. Disconnect the movement
area from seating and other events by creating
two levels, one for movement and the other for
other actors, as well as the use of different levels
in creating fun and diversity of the views of the
urban landscape.

In the process of the design, it is should be
considered specific and various factors, such as
paving design. It can use the representative
image of signs or historical signs, and paving
brick or granite to collage out the image texture
on the floor. This can be applied to a large
ground and a larger image. Another method can
be applied to handle details. For instance, it
collages with small stone on the corner line or a
small ground. This produces that the overall
design is novel and unique and harmonizes with
the surrounding cultural environment. That not
only riches the details of design but also
enhances the depth of cultural connotation. Zhu,
2011.



Number 2 Volume 20 February 2014 Journal of Engineering
156 Facade hilly terrain. Depending on the usage, a
Determines location based on vertical and hierarchy in the street pattern is observed in

horizontal elements, the vertical elements are
more effective than horizontal levels in
identifying where you can define space and
create a sense of containment and moving in
complete place perspective.

Continuous fagade is formed along the river due
to the positioning of various institutions, the
relationship between them and the retaining wall.
The elevation is dominated by the towering
palace and fort walls but is also characterized by
temple and domes and pavilions which are
intricately carved with geometrical and floral
patterns. Samant, 2010.

1.5.7 Public facilities design

Public facilities are an important component of
the waterfront design. The feature of waterfront
is closer people and water. In the design of
public facilities, protective barrier is used in
protecting of seat and platform where people
can enjoy the waterscape and wood platform or
wooden plank road also is used, Fig.3. Therefore,
people can walk on the plank road, close with
water in the platform or play in the water.
Additionally, pavilion which is designed for
visitors to rest, it’s also commonly used in
waterfront design. Pavilion not only takes fully
into account the safety problem, but also pays
attention to the cultural connotation in the
design. According to the style of the overall
design layout, it can use the corresponding style
which can be a traditional style, simple modern
style or a combination of traditional and modern
elements which abstracts traditional symbols and
uses modern methods to re-design, Zhu, 2011.

1.5.8 Streets and Squares

Represents a positional place relationship
between ground place dimensions depending on
the geometry and some researchers have linked
between spot and area social and economic slide
that occupy the place as well as events, Fig. 2.
The accessibility is an important index in
measuring the development of the waterfront. In
many urban waterfronts, we cannot see
convenient public pedestrian paths to the water
shore. With no enough wide-open surfaces, the
water body is always blocked by the buildings
and walls. Close to the water but seeing no water
distances people and the water psychologically,
Huang, 2011.

The street pattern was laid out to provide
accessibility and create natural drainage on the
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the area. The principle streets identified were
bazaar streets with higher concentration of
activities that were large in scale, connecting
important nodes, punctuated by small and
large landmarks, and led from city gates and
culminated at the important buildings,
Samant, 2010.

159 Parks

Parks along the water edge provides a unified
identity to the edge. The most vital attribute of
the success of the water edge is dealing with
parks, designed with all the features and details.
Park is working along the water edge and
provides a unified identity to the edge,
Casalino, 2005.

The concept of Greenway is various, but the
general accepted concept is: The greenway is the
land line network systems being planned,
designed, and managed with ecological,
recreational, cultural, aesthetic and many other
functions, which is a sustainable pattern of
land-use. The greenway is an open space usually
along the construction of a natural corridor such
as river banks, valleys, and mountains or along
the recreation entertainment channel transformed
by railway, a canal, a landscape road or other
routes. Ahern summed up the characteristics of
the greenway: The shape of the contour line;
with connectivity; have versatility; to meet the
requirements of sustainable development
strategies; and the most important thing is that
the greenway is the important supplement of the
other non-linear landscape planning, by
connecting to other non-linear system of
Landscape Architecture to form an integrated
whole, in order to the purpose of protection,
rather than replace other planning. The design
combine the greenway and waterfront together in
order to make use of characteristics of greenway
to improve the landscape and spatial design of
waterfront, and at the same time to perfect flood
control and disaster mitigation system, Fig. 1.,
Hongyu, 2010.

1.5.10 Monument & Art sculpture

The furnishing of waterfront elements need to
know the monuments and street furniture in
configure those spaces which depending on the
nature and form of use.

Aurt sculpture can be a very good performance of
the waterfront cultural characteristics. Sculpture
generally divided into emboss and circular
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engraver: emboss often used in walls, floors
texture and the decoration of public facilities;
circular engraver often used in the spacious
plazas and wide lawns. The artistic form of
sculpture can choose typical historical stories,
myths, legends or characters as a theme. And
then using the way of telling story can display
artistically the cultural history of the region. In
addition, sculpture can select modern design
methods such as abstract geometric shapes and
bright colors. It can harmonize well with the
surrounding landscape, natural environment and
local human culture, and this contributes to
contrast the cultural atmosphere of the whole
landscape. Zhu, 2011.

1.5.11 Slips

Means water bodies inside edge are successful
means in bringing people to the edge and make
it (cross gain connection) which is historically
present naturally, Fig. 4. In modern designs it is
dealing with this part of river edge through a
small stalls and aquariums, toys as well as small
parks and sometimes water Bank gateways of the
city. Burden, 2005.

City should provide convenient transportation
corridor that can enable the people to reach the
water area and the sight-line corridor so that the
waterfront urban design can be “available
completely”. The transportation system of urban
waterfront area shall provide people with
convenient transportation and attract people to
the side of water. The transportation in the
waterfront design shall reduce the interference
from motor vehicles as much as possible so as
to ensure the safety of walking and the quietness
and beauty of environment. Street sight-line
corridor shall provide more chances for the
contact of man and nature, Fig. 3.

e The sight line in certain distance shall be
ensured so that the wvisual contact
between man and nature or humanistic
landscape can be maintained and the
beautiful sceneries will not be blocked.

e The water landscape should be
“penetrated” to the inner part of a city
as much as possible.

e The waterfront building should be
designed to have the graded sense.

e By the side of water, some low-rise
structures can be arranged and higher
buildings should be far away from the
water.

Furthermore, the arrangement should be arranged
in picturesque disorder so as to get the best water
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visual angle. By the side of water, some friendly
and safe water-playing space can be deployed so
that people can play and enjoy water. Huang,
2011.

1.5.12 Under Bridge

The bridges and cross-pillar make the edge of the
River in the usual impediments to traffic. So the
area under the bridge (part of river edge) must be
designed so as to allow the space under the
bridge to diverse uses along the river and link
with neighboring river edge parts. Casalino,
2005.

The space strategy of flood prevention as The
waterfront area is rapidly developing in cities
now, and its ability to flood prevention and
hazard reduction has also been greatly improved.
In order to contole on the area under bridge,
there are major mitigation strategies of flood
prevention and hazard reduction, and its principle
includes that, solid fundamental, the formation of
the level of the poor and the creation of a
continuous channel. Hongyu, 2010.

1.5.13 Materials Choice

At present, many projects, especially the
government  projects, waterfront landscape
design project like used the expensive material,
such as marble and granite, etc. They are

belonging of the natural exploitation, such

materials for the maintenance and repair costs are
also extremely expensive. Therefore, we
encourage using regional materials, such as the
regional wood, brick and stone. It is not only to
save material costs including raw material costs
and transportation costs, but also to coordinate
with the local geographic colors and to accord
with the regional aesthetic characteristics and

culture. Zhu, 2011.

In the process of the design, it is should be
considered specific and various factors, such as
paving design. It can use the representative
image of signs or historical signs, and paving
brick or granite to collage out the image texture
on the floor. This can be applied to a large
ground and a larger image. Another method can
be applied to handle details. For instance, it
collages with small stone on the corner line or a
small ground. This produces that the overall
design is novel and unique and harmonizes with
the surrounding cultural environment. That not
only riches the details of design but also

enhances the depth of cultural connotation. Fig.
2, Zhu, 2011.
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1.5.14 Types of side retaining wall

The architecture and the flinty square in these
areas block the soaking of the rain water and the
supplement of the underground water. The cut
straight of the river course and the concretes
dikes destroy a dynamic natural landscape
system. Although sometimes we take much count
of the a forestation in the waterfront
construction, we often simply replace the original
rich flora with the artificial a forestation, which
causes the water shore a forestation layers
monotonous and destroys the diverse habitats.
Huang, 2011.

The physical shape of water edge Divide to
several types, each one of them have unique
personality, either functionally be historical or
environmental, as well as divided on the shape of
that edge and physical river section where this
deal affect and shape design features, such types
observe in the following forms, some of which
are with Boardwalk (Jetty extended) on the
beach, and others are for hiking along the water,
Some reuse old sidewalks located on the territory
of the Park. And it all comes under the existing
legislation and controls within the same edge.
Help the sidewalks along the edge of the water to
increase in size especially with ancient footpaths
which rehabilitated for both purposes as piers
and entertainment and events that do not conflict
with extended downstream piers and its speed.
Burden, 2005.

The physical section of river edge Divided into
Fig. 4:

e Tilt River edge: it is easy in
construction, but generates several
problems including distancing human
from the water and make a very sharp
edge which reduce the coherence with
the River, as well as shift vertical alleys
to River to be parallel, so it make bad
connection between city and river.

e Vertical river edge: strengthen
interdependence between human and the
river, using vertical elements like a wall
works to identify the edge of the river,
make projection masses overlap with a
wonderful view to give the impression as
alley. Overlapping masses and spaces,
gardens and parks, entertainment places
are all combined, gave the good
connection between the river and the
city.
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2 CASE STUDIES

For the design of the edges of rivers, the research
will choose some cities and way of dealing with
the edges of rivers and waterfront, so explore the
sense of place in their respective experience in
accordance with the characteristics of the place,
and will address the (Tigris River within the
historic city center of Baghdad, and Seine
river in the historic center of Paris) by

applying measured factors of urban
waterfront planning and design, by studying the
case studies, the summary, conclusions,

recommendations and proposals on the planning
side and urban design of river waterfront.

2.1 Development of waterfront in new cities

Distinguished new cities by river edge
development goals of creating a thread along the
river corridor and try to attract to the river, to
protect the natural environment along the River
as well as the interface to reflect the specificity
of River City, Casalino, 2005 the study divides
river edge into three sections for each
Department has its own definition and style in
design, and these handling sections are Fig. 1:

e Riverbank Zone where emphases is
placed on environmental terms for the edge
and protect it from erosion and to preserve
the historical memory of the form and
direction of movement of water, as well as
the protection of biodiversity on the
riverbank.

e Scope of the green route is the urban area
means that at least 30 m confined between
the edge of the river and the development,
which use of design Landscape and garden
uses that do not require the establishment
of buildings (Urban Greenway Zone).

e Development Zone the area associated
with the city and carried out construction
and redevelopment as well as new
development and diverse uses, as use
zoning site providing components and
elements of fields and gardens, river edge
and how to deal with it, Casalino, 2005.

Development studies focused river edge in new
cities on urban design for River waterfront,
stressing the role of history and environment and
transport as factors that require planning and
handled according to design policies for each
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range of zones. Schematic  design side is
concentrated along the Eastern facade of the New
York City overlooking the River (Hudson), the
historic importance and how to use them in
connection with its surroundings through Visual
motor connecting lines of the diagram, Burden,
2005.

2.2 Development of waterfront in historical
cities

River edge is divided in historic towns and cities
to different sections by its characteristics; design
hand emphasizes the number of axes of the
historical and environmental themes of the river,
by highlighting the historical pillars on the river
and its edge (such as bridges and historic sites),
and use cultural and entertainment. Seek to
develop an environment's edge and avoid
damage, through the physical components of the
river edge, Burden, 2005. The socially focused
on how to deal with edge components through
the generation of both:

o Active spaces represented by movement

spaces.

e Quiet spaces (negative) of the seating
spaces.

Emphasis was placed on both sides and
relationship of the planning and urban design of
edge, planning this tip around characters
especially in historical perspective plus focus on
socially side in the design through positive and
negative spaces taking advantage in the provision
of leisure and cultural services and attract the
largest amount of people.
2.3 Waterfront of Seine River in Paris
Historical city center

Since Paris City emerge with different close
semantic organizations, It got one of the ancient
tribes in the heart of the city, called Lutetia then
Parissii and finally Paris has seen spot and
inclusive planning processes have changed,
altered and added a lot of morphological
structure of the city, and as wide and rich urban
operations.

The Seine river Traverses Paris, divided it by the
(left and right), this Division has affected
intellectual and social factors of Parisians —
right of capital and trade, left for culture,
science and art — and the kind of impact
between the river and the city overlap between
masses and spaces, giving different level of city
street on the River. The kind of sense of place on
the Seine River as it represents one of the main
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roads to watch Paris night and day through the
many events and activities on it. Although this
Division looks very simple but the impact in the
development and growth of its population
became part of their lifestyle, habits, and in the
fabric of the entire city.(Carzou, 1982, P25-26).

(Fig. 5)

2.3.1 The growth stage of waterfront inside

Paris city

In the left bank there is intellectual life of the city
center, a meeting of artists, writers and students.
There is the first settlement of Parisii beyond the
boundaries of the island, South of the river where
the street St-Michel spread (which is historically
belonging to the Romans) where all the buildings
compact storage of masterpieces of Parisian
heritage, as the University of Sorbonne and
College Defrance wall on the Roman baths, and
standing in the pantheon of modern Roman
arena. Carzon,1982 and Table 1.

Either the right bank means in Parisian society,
thought, or political mettle with work only. At a
time when the left bank acquired a Latin quarter
with its schools and colleges, the right bank
evolved as contrary. the central axis of the city
extends naturally to end along the docks of the
right bank. In the early nineteenth century the
Halle’s emerged as a counterpart to the
Sorbonne, which requests from the opposite
bank. And later demolished, giving place to
Beaubourg and complex high-tech architecture of
the Pompidou Centre, Carzon,1982.

The term survives, of course, in the Faubourgs
St-Antoine, St- Germain and St-Honore in Paris.
The merchants built their faubourgs, when they
could, just outside the gates of the existing city
where they would form secondary market places.
As the merchants they became rich enough, and
their faubourgs grew, so they too built walls or
palisades. Which meant that others had to start
new faubourgs outside theirs and thus the cities
grew in concentric but irregular loops? So it was
that close to the old ecclesiastical towns or feudal
fortresses, mercantile agglomerations were
constructed; Broadbent, 1990 and Fig. 5.

2.3.2 The Haussmann new planning of Paris
city
The most important experience changed the
image of Paris is widely credited with see and
reflects on the day of rich, semantic experience
Baron (Haussmann) (1853-1882). His work in
Paris had no such theoretical underpinning. It
was a straight, pragmatic solution to a highly
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practical problem, which Louis Napoleon put to
him; of how to redevelop Paris, after the
Revolution of 1848, in such a way that never
again could the angry mob build barricades in the
streets and lob missiles at the police from behind
them, Broadbent, 1990. He concentrates instead
on Haussmann’s  formidable  skills of
organization pointing out also that behind
Haussmann’s Plan there was the clear intention
of focusing ‘visually and functionally’ on the
great monuments of Paris: the National
Assembly, the Bourse, the Church of the
Madeleine, the Panthéon, the Cathedral of Notre
Dame, the enlarged Hotel du Ville, the Arc de
Triomphe, Garnier’s new Opera House, the old
Monastery of St Germain-des-Prés and so on.
And since the new railway stations of Paris were
so peripheral these too were to be connected to
make for more efficient transport between them
and into the city. There were precedents for such
planning in the era of the Baroque. (Broadbent,
1990, P.116)
Napoleon I1ll, and the achievements of Baron
Georges Haussmann that led to the reintegration
of the heart of Paris and a strengthening of its
interior structure on a scale commensurate with
the forces of regional expansion. This reversal of
the direction of energy, from outward explosion
of the avenues and palaces of Louis Kings to the
implosion of the connecting and life — giving
boulevards of Haussmann, is one of the most
dramatic in any city. Each development was
devised and inspired by social and economic
forces far different from those prevailing today,
but each has proved to be resilient, to be
capable of providing a structure suited to
modern needs, Bacon, 1978 and Fig. 5.
Haussmann created strong semantic relationships
through Visual axes of broad boulevards, linking
significant Visual high points in both built and
non-built forms, he was intended to achieve three
objectives through adoption of the Visual system,
Fig. 6:-
= Produces the monument to spatial
isolation and connects them to each other
visually.
= Wipes and removes oldest and change
everywhere to the images of modernity:
space and light.
= Facilitates the move from station to
station and from neighborhood to
neighborhood.
Haussmann had derived the idea of the strong
bond between the axis of the classic culture. As it
is well known that the emergences of holistic
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level in the city by linking its parameters to the
visual axis the most important baroque city
properties. And with the need of Paris in urban
growth phase for the type of structural
adjustment, training new elements in the
Boulevards & Avenues, which are dictated by
the imperatives of links (in contradiction with the
city focused on concepts such as
compartmentalization and overlap).

So Haussmann’s Boulevards by no means were
designed for any kind of intrinsic beauty. They
did indeed give long perspective views towards
the major monuments and, with the various
round points in front of or around they also
speeded up the flow of traffic between them. But
they also afforded the longest feasible sight-lines
for Louis Napoleon’s troops. As for the trees
which seemed to humanize the boulevards it was
they, above all, together with the great width of
the boulevards themselves, that made barricade
building difficult, Fig. 6.

Boulevard planning became the norm towards
which  most great European cities were
developed, or redeveloped in the 1870s,
Broadbent, 1990 and Table 1.

2.4 Waterfront of Dijla River in Baghdad
Historical City Center

The historical city of Baghdad chose it location
on the river. In the ancient the beautiful urban
design along the river and the connected two
sides (Karkh & Rusafa) has formed the urban
pattern. Thus the Baghdad city becomes alive
with the water, and the water charms because of
the urban inverted reflection. The city and the
water shine on each other, wherein the unique
urban reflection culture is formed.

Perceptions of the old city and river edge, Built
on the schematic side through the roles of history
and environment in a street movement's
relationship with the river and its edge, where the
streets perpendicular to the river and not
paralleled by through alleys, and linking
important architectural icons and monuments
of the River through the incision extended alleys.
To provide initial scenarios to deal with the
planning of river edge of Baghdad according to
history  (environment, planning standards,
movement problem) need in-depth studies of the
policies to deal with waterfront urban design.
Focusing on the planning of the waterfront alone
Tigris River in central Baghdad, which depende
on land use according history and technology, as
a basis for waterfront design without any effect
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to the  historical architectural values
(archaeological & heritage), Table 1.
2.41 The situation of waterfront inside

Baghdad city

Tigris River is one of the most important
monuments of Baghdad city, where the River
runs through this historic city from North to
South. The length of the Tigris River in
Baghdad (52,300) km starting from the tourist
island of Baghdad in the Tarmiyah area to the
south of Diyala River estuary.

It features within the city there are a number of
bends and twists as well as three distinct Islands
(tourist island of Baghdad and Al Aaras Island
and Abu Rmeal island), these Permanent islands
which divide the river bottom to unequal parts.
Euphrates Center, 1998. Flowing water levels
change over time, so emerged from a process of
coatings for the Tigris River, which began at
the end of the 1990s.

The width Changes of the River in the center of
the city to be the limits of 190 meters in the
rectum. To be cut relatively narrow in this part,
and an advanced development should be good
type protection of the banks of the to prevent
erosion in the upper parts of this section.
Euphrates Center, 1988.

2.4.2 Rusafa Development project -

Japanese Consultants JCP in 1984

The study focused on planning terms based on
the historical side of the region in the planning of
several aspects, reviving old traffic hubs and
connect them with the modern movement as
metro areas, as well as on historic buildings the
river edge and revive it.

The markets represent an essential element of
traditional urban life for Baghdad. The target is
to reintegrate the architectural value of the
market system and restore the central axis, for
example the direction beginning on the river side
nearly the Al Shohadai bridge till al-Kilani
mosque, JCP, 1984.

However, this study came in the urban planning
aspect and not to the river edge, as well as it did
not address the urban design of River waterfront.

2.4.3 Karkh development project - office of

alusi technical advice in 1982

The study focused on planning terms based on a
number of factors working in the social,
economic and historic as well as traffic and
transport, the study was an evaluation of all
criteria within a chart.
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The project is based on the development of
Karkh on the traditional opening of the market
to the river with a large interface and coming in
some parts inside to relive the most powerful
river, Alusi, 1982.

244 Baghdad Municipality; Integrated
capital development plan of Baghdad
2015, 1998

The report addresses the review and update of

studies and designs developed by foreign

institutions to re develop the city of Baghdad.

This report addressed the waterfront in two

chapters: Chapter IV-11l (waterfront in the City

Center).

It offers to the waterfront of River in the city

centre and the area between Bab Al-Mu'azzam
District Bridge to Aljamuria Bridge on the South,
highlighting the most important disadvantages of
City River and relation of movement and edge
design (waterfront) contains the following:

» The absence of open spaces bordering the
River dedicated to public use, recreation and
tourism.

» Absence of pedestrian corridors as there are
streets in the river bank (as in the Abu Noas)
overlooking the River.

« Lack of clear focus of traffic links between
open spaces for historic buildings overlooking
the River.

» Lack of clear architectural style leading to
confusion in the elevation of waterfront.

With regard to section Il study indicates neglect
the river and design of waterfront in several
levels including access and openness to the
river and the absence of an informed and
transfer to river edge, about abuses function of
river and waterfront, Baghdad Municipality,

1998.
245 Kirkpatrick , Scott Wilson: Baghdad
comprehensive transport study: 1982

The study focused on the movement of various
kinds and the relationship between those
different types, but did not clarify the
relationship with the river traffic and the
performance edge that was to transport goods or
persons as tourists and daily transportation and
organization shape and its relationship with other
transaction types. So it point to the absence of a
river where the use of river traffic controls in
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their stations and their interdependence with
other traffic types, Kirkpatrick, 1982.

2.4.6  Ministry of irrigation, preventing edge

of Digjla river, 1998

River edge investment process is one of the most
important means, by which edge is preserved and
maintained. through previous studies and study
the edge of the Tigris River, the process of
maintaining the stability of the river course is
important not only in the process of preserving
the River, but to develop its edge and maintain
static areas have managed to deal with various
types of physical as well as the preservation of
the natural environment of the erosion and
sediment to water streams and affecting
agriculture.

So, emerged from the Tigris River finishing at
the end of 1990s which was a comprehensive
study with a view to identifying a refinement to
the Tigris River in Baghdad, identify abuses
occurring and the impact of the abuse on the line
and examine the absorption of the River to flood
the vicissitudes of time.

The study included many axes to define
discipline line the river within the city and the
results of studies that attributed the discharge is
expected when it pass (35, 30 m) in the South
and North of Baghdad sites (31, 34 m) and (37,
70 m), respectively, Euphrates Center, 1998.

2.4.7 Comprehensive development planning
Baghdad 2030 - Qateeb & Alame and

PCI Japanese consultants - 2010

The objective of the project development plan of
the city of Baghdad, deal this city as an
integrated environment includes all aspects of
social, economic, environmental,
administrative, and other aspects, beyond the
current building to meet the needs of their
citizens.

Includes a series of strategic interventions in
the fabric of the city, take into account the
relationship between the center of Baghdad and
its immediate environment, as well as between
the city of Baghdad and its suburbs adjacent to it,
especially for projects that are currently being
implemented there.

The functions of the draft comprehensive
development plan for the city of Baghdad in
2030, consists of and focusing on the following
elements: (land use, planning, management of
growth, The environment, Natural resources in
and outside the city, entertainment, social
resources, The historical and cultural
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resources, Housing. Transport, Infrastructure
services, The development of the
economy, Guiding principles for urban design).
Although the Comprehensive development
planning Baghdad 2030 complete the three
stages and prepare for fourth stage, but it is
important for a new study for developing of
greater Baghdad, and historical city center and
waterfront treatments which till now not
appears with details. (Qateb, 2010, CD Rom)

3 CONCLUSIONS

e According to the result gain from (table 1),
The emergence of many problems on the level
of urban planning and urban design for reality
of river edge in Baghdad, which faced
waterfront of Baghdad historical city center,
needed to taken in the studies especially in the
Comprehensive development planning
Baghdad 2030.

e During the historical city urban design, it
should make scientific and reasonable layout
on near-water environment, creating conditions
for reaching each good performance for city;
coordinate the normal operation between
human construction and natural ecology,
setting up a balanced ecological system; pay
attention to the mutual connection between city
and water, making water system involved in
the city environment; respect local culture,
create local character, and the harmonious
water environment between human and water.
¢ Produce many facilities in the Baghdad water
edge as public domain for everyone to use
them as equal, without distinction of party at
the expense of the other, and is open at all
times. Encourage people to increase their pass
throw water edge by creating attractive
elements for different slides.

e Create linkages along Tigris river waterfront
and continuity with the surroundings edge of
land, water and urban context (Karkh &
Rusafa).

o Affect physical shape of river edge and the
section on the feasibility form of usage and
design result. The vertical edge best than Tilt
edge in creating Visual and motion connection
as follows between the city and the River (the
River work as alley), with control of water
level.

¢ In the contemporary society, the roles and
missions of urban waterfront urban design
should be not just creating and promoting the
aesthetic quality of urban environment, but
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also integrate the local human environment,
ecological quality and the public awareness.
This creates that cultural landscape and its
promotion will become an effective approach
to contribute to better material life and spiritual
life of citizens.

o Promote activities of the walk on the river
edge to the city and create a set of visual
communication points during public space and
distribution of furniture, lighting and
landscaping.

o Take advantage of sidewalks in river edge
and more space to deal with different levels
providing River sessions of shelters and ceiling
with various visual sights.

o Bridges and pillar located across the River in
the usual impediments to traffic, so the area
under the bridge (part of river edge) must be
designed, so as to allow the space under the
bridge to diverse uses along the river and link
with neighboring river edge parts, and
providing means of access to river boats.

e There are many established and temporary
Islands did not invest well on the level of urban
planning and urban design to develop of the
Baghdad city.

e One of the big problems is the establishment
of river edge as car parking which cut the
human connection with the river.

e Lack of open spaces and overlooking the
river for recreation and tourism, because of the
lack of clarity of the main axes of movement
up to this space.

e There are many irregular anchors on the edge
of Tigris river , which not connected with other
types of movement, so for the revival of river
transport requires the characterization and the
duties of the transport and link it with other
types of transport through the study of traffic

o Tigris river suffer from significant pollution
due to throw various and waste accumulation.

e The locating waterfront away from the edge
of River (15) meter from the river without any
investment or building or even to provide the
possibility of intervening to avert the danger of
flooding and the forbidden River led to many
problems including the weak building view on
the River and connecting with context of city.

e The wide width of Tigris river and problems
of water level control increased the separation
of both edges of the Al Rusafa and Al-Karkh.
In Baghdad's old layout there was interaction
between the city and the River through the
visual and motional axes and flowing into the
River, and through the overlapping blocks and
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spaces with Riverbed. Which is lacking at the
present time, bringing a sense of place for the
Tigris River is very weak and seeing River
only when crossing bridges.

4 RECOMMENDATIONS

e Cancelling the law of not allowing
development in areas where the proportion of
Tilt edge 20% gradient and the proposed design
to keep them as green areas only, generating
problems in the River facade on the urban
context of the city.

e Establish organization to solve problems in
the construction of the Iragi waterfront area. Like
Common problems are monotonous content,
formulate style and non-innovative landscape
because of the limited understanding of the
designers and finance issues of local government.
e Solve problems of the waterfront urban
design which is being built in the most of cities,
it only regarded as a project, focusing on certain
utilitarian values such as architecture, urban
design,  social  requirement,  economical
requirement, flood control, water transport,
irrigation, etc. It is not involved in the public
space design systematically and scientifically,
but also lack of considerations of people's
physical and psychological needs. This leads to
alienate, blunt, cold, non-innovative in design.
Moreover, in some developed cities, the
government has put a lot of money in the
construction of the waterfront area for more
reasonable and modernized design. However,
this design is lack of local cultural
characteristics, and not be able to enrich the
historical and human spirit on the basis of
functions, which causes the method of copying
and formulating, lacking connotation and vitality.
e lragi's ancient people focused on "water
body" concept and believed. Therefore, the city's
location and layout were associated with water.
Nowadays, on the re-construction of old
waterfront area, we have to face the problems of
transformation  of  buildings and  water
environment in this region. The most important
of urban waterfront cultural design should
protect and re-use all round the existing historic
buildings.
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Table 1: Comparative factors of waterfront between two cities, Author, 2013.

Measured Measured cities
factors Baghdad Paris
351 Land Use Privet or without facilities Public facilities
3.5.2 Activities Not attractive facilities Attractive facilities
3.5.3 landscape & Not cooperated with urban Trees as part of urban
Plant design design design
354 Built Form As wall without As wall with penetration
penetration
355 Sidewalk design Not available Available
§ 3.5.6 Facade Set back from edge of the There are cantilevers
T river somewhere on edge of the
§ river
% 3.5.7 Public facilities car parks & markets Streets and culture
s design facilities
o
% 3.5.8 Streets and Separated from river Intersection with river
c Squares
8
% 3.5.9 Parks No parks Open parks overlook with
@ river
= 3.5.10 | Monument & art Rare available Available everywhere
0 sculpture
(9p]
3.5.11 Slips No equipments make Many equipments make
integration between integration between
human and water human and water
3.5.12 Under bridge | Negative and useless space | Space as part of waterfront
3.5.13 | Materials choice Entering new artificial Still using stone as
materials with brick traditional material
3.5.14 Types of side Tilt retaining wall Vertical retaining wall
retaining wall
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Waterfront Greenway

P\ Greenway I

Fig.1 levels of  waterfront
,Hongyu, 2010.

Figure4. Types of river edge, Casalino, 2005.
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Figure 5. Tardieu (1787)
Plan of Paris showing
successive clotures by

Medieval and later walls

culminating in
Broadbent, 1990 and.
Bacon, 1978.

Figure 6. Paris waterfront
treatments with vertical
retaining wall edge and

public facilities, Author,

2010.
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Figure 7. The main spins were vertical on the river with vertical edge
in ancient Baahdad. JCP.1984.

Figure 8. Baghdad waterfront treatments with tilt retaining wall edge
and neglected public facilities without clear paths, Author, 2010.
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