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Preface

This book contains selected articles from the third International Conference on
Geotechnical  Engineering-Iraq  (3ICGE-Iraq) held at University of
Baghdad/Baghdad/Iraq on May 29-31, 2022, to discuss the challenges, opportu-
nities, and problems of application of geotechnical engineering in projects. Also,
the conference includes recent applications in structural engineering, materials of
construction, construction management, engineering of water resources, and envi-
ronmental engineering. The 3ICGE-Iraq was organized by the Iraqi Scientific
Society of Soil Mechanics and Foundation Engineering (ISSSMFE) with the
cooperation of the College of Engineering/University of Baghdad, College of
Engineering/University of Kerbala, and Karbala Center for Studies and
Research/Imam Hussain Holy Shrine. The articles cover a wide spectrum of themes
in civil engineering, including but not limited to sustainability and environmentally
friend applications. The contributing authors are researchers in their respective
fields from several universities. This book will prove a valuable resource for
practicing engineers and researchers in the field of geotechnical engineering,
structural engineering, and construction and management of projects.

Mahdi Karkush
Deepankar Choudhury
Jie Han
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Calculating the Real Need for Fire Brigade
Stations in Al-Samawah City

Waleed A. Rzaijl(g), Basim H. K. Al-Obaidi!, and Mohammed R. Abbas?

L civil Engineering Department, University of Baghdad, Baghdad, Iraq
waleed.ahmed.re@gmail.com,
dr.basimal-obaidy@coeng.uobaghdad.edu.ig
2 Directorate of Civil Defense, Samawah, Al-Muthanna Governorate, Iraq

Abstract. The location of fire brigade stations and equipment has a significant
impact on the efficacy and efficiency of fire brigade department services. The
challenge addressed by this study was that the fire brigade department required a
consistent and repeatable technique to assess the response capabilities and safe-
guarding levels offered as the city of Samawah/Iraq grew and changed. Evaluating
the locations of the current fire brigade stations in the city of Samawah is the aspect
addressed by the research to determine the accuracy and validity of the locations
of these stations by the competent authorities and their suitability to the area of the
city’s neighborhoods and its residents. The Iraqi Ministry of Housing, Construc-
tion, Municipalities and Public Works has set standards for fire brigade stations
in the year 2018. These standards were used in this research because they are the
standards adopted in Iraq. The first criterion represents the population size crite-
rion. This criterion specified that each fire brigade station must provide a service
for (48000 people), and the second criterion represented the distance traveled,
which defined its field of service by (2 km) for each fire brigade station, as for the
third criterion represented by the response time, which was set at (10 min) for the
local standard and this criterion is considered large compared to the global stan-
dard of (4 min). The result using geographic information system (GIS) showed
that needs four additional fire brigade stations to be added to the already existing
four stations so that the total number of fire brigade stations in the city becomes
eight stations, and this number of stations will provide service to all residents of
the city and reduce the risk of fires on the city.

Keywords: Fire brigade station - Evaluating - Response time - Location -
Distribution - Population size

1 Introduction

The location of fire brigade stations has grown increasingly essential in order to serve
the largest number of residents [1]. The proper placement of fire brigade stations is a key
aspect in providing effective and cost-effective fire protection. In the past, fire brigade
stations were built on or near major thoroughfares and in regions where existing stations
were too far away to respond. The locations of the sites were chosen based on personal
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preferences. Even though cities may appear to be the same on a map, determining
deployment requires a deeper investigation [2].

Therefore, fire brigade stations services are one of the security services that must be
available in every city and distributed over all its residential neighborhoods in a manner
commensurate with the continuous increase in the size of its population and with the area
of that city and the future expansion of each of them, and this, in turn, depends on several
things, the most important of which are the speed of arrival of fire brigade station vehicles
to the places of accidents, which is one of the important indicators of the efficiency of
this service, which comes from the efficient geographical distribution of fire brigade
stations within cities, and thus this provides security and safety for residents inside and
outside the city [3]. Where Iraqi cities suffer from a weakness in the spatial distribution
of fire brigade stations in general, as there are areas that are not covered by emergency
response services, not taking into account planning standards in the spatial distribution
of fire brigade stations, and the difficulty of accurately determining the locations of fires
in the city and the shortest distance and time to reach. Among the characteristics of fire
brigade station efficiency is the speed of reaching the location of the accident in the
shortest possible time, the skill of rescuers or fire brigade station men in dealing with
accidents, what are the procedures followed to deal with the accident, and what are the
modern techniques using civil defense men to reduce time and speed in rescue [4].

To evaluate the locations and performance of fire brigade stations, many studies
have been conducted around the world. These studies included tests of these stations
with different levels of performance, in terms of the speed of response to extinguish
the fire, the speed of access to the site of the accident, and other criteria. Mufeed [5]
presented a study to evaluate the locations of fire brigade stations in the city of Baghdad,
and the results showed that the lack of response speed in some cases is not due to
the inaccurate distribution of these stations, but rather there is a lack of consideration
for the distribution of road network centers, traffic, closed roads and intersections in
the streets to facilitate the arrival of firefighters and shorten the time. Whereas Jerald
[6] presented a procedure for evaluating the locations of fire brigade stations in West
Covina and concluded that a standard operating procedure should be adopted for the
regular evaluation of the station’s location and the effectiveness of deployment. It is
also recommended to purchase software that uses advanced GIS features to improve the
delivery of firefighting services. Also, Maher [1] presented a study to evaluate the fire
brigade station locations in the city of Samawa based on the standards of the Ministry
of Construction and Housing for the year 1983 and found that these standards are old
and do not fit the housing growth in the city.

The research aims to evaluate the distribution of fire brigade stations and to indicate
the accuracy of the selection of these places by the competent authorities, through the
use of local and international standards in addition to geographic information systems
(GIS) in order to ensure a fair distribution of this service to all neighborhoods of the city
and to ensure the life and property of its residents through a service efficiency offered
by these stations. The local standards of the Iraqi Ministry of Housing, Construction,
Municipalities and Public Works for the year 2018, which were approved in the Republic
of Iraq, as well as the use of geographic information systems (GIS), were used in the
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analysis and identification of serviced and unserved areas by fire stations in the city of
Samawah.

2 Material and Methods

2.1 Case Study Description

The study case that was adopted in this research is the city of Samawah, an Iraqi city
located in southern Iraq on the banks of the Euphrates River. It is the center of Al-
Muthanna Governorate, 280 km southeast of Baghdad, and its area is (941 kmz). Figure 1
shows the location of the city.

Wao3 \wg s
TURKEY

Fig. 1. The location of the city of Samawah on the map of Iraq [7].

2.2 Data Collection and Analysis

Data was collected about fire brigade stations in terms of their locations and the neigh-
borhoods they serve. This information was taken from the Directorate of Civil Defense
in the city of Samawah. Also, information was collected about the number of residents
of the neighborhoods served by the fire brigade stations, and this information was taken
from the Directorate of Statistics of the city of Samawah. As for the local standards
adopted in locating fire brigade stations, they were taken from the Department of Con-
struction and Housing in the city of Samawah. Figure 2 shows the locations of the fire
brigade station in the city of Samawah.
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Fig. 2. Fire brigade station locations in the city.

2.3 Fire brigade Stations Details

The city of Samawah includes four fire brigade stations, distributed over the city to
provide service and assistance to the residents in the event of a fire or other emergency.
Some of the locations of these stations are located in densely populated streets, such
as the Samawabh station, while others are located in the outskirts of the city, such as Al
Soub Al Sagheer station. Table 1 shows the details of each fire brigade station in terms
of serviced neighborhoods, their area, number of residents.
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Table 1. Details of fire brigade stations in the city of Samawah [8, 9].

Fire brigade station location | Serviced area (kmz) Residents of serviced neighborhoods
AL-Soub AL-Saghir 15.10 76781
Thawrat AL-Ashrin 13.55 36404
AL-Samawah 5.21 37628
AL-Jumhori 7.67 83164
Total 41.53 233977

3 Fire Brigade Station Concepts and Considerations

Fire brigade is the process of putting out a fire with the use of specialist equipment
and techniques. Fire science ideas and procedures are used to save people trapped in
fires and prevent material and human losses [10]. The location of fire brigade stations
has a substantial impact on the efficacy and efficiency of the fire department’s services
[11]. Evaluation of fire brigade station locations is done by using many criteria and con-
siderations, including (population size, distance traveled, and response time). The Iraqi
Ministry of Construction, Housing, Municipalities, and Public Works has set parameters
for these standards, and according to the instructions of the housing standards for the
year 2018, which are shown in Table 2.

Table 2. Size of approved criteria [12].

Criteria name Criteria measurement
Population size (38400-57600) capita
The traveled distance 2000 m

Response time 10 min

4 Results and Discussion

4.1 Serviced Area and Population

It is noticed that there is a random and illogical distribution of fire brigade stations,
and this is appears in Figs. 3 and 4, where there are stations responsible for protecting
the population and neighborhoods of the spaces and numbers of citizens, the service
provided by other fire brigdae stations is weak, and this certainly affects the ability of
these stations to provide a full service to the areas for which these stations are responsible.
This indicates that the city needs additional fire stations to assist other fire stations in
providing full services to the city’s residents and protecting their properties.
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Fig. 3. Percentage of the area served by each fire brigade station.

Fig. 4. Percentage of population served by each fire brigade station.

4.2 Assessment of Annual Fire

The population expansion in the city of Samawah and random construction in informal
neighborhoods, led to an increase in the number of fires in the city. In the past five years, an
increase in the number of fires has been observed from year to year. In 2017, the number
of fires reached 1491, to nearly double this number in 2021, and this indicates the large
population increase during this period and the expansion of residential neighborhoods,
as well as the weakness of preventive measures against fires, knowing that the main cause
of fires is the use of electrical appliances, Therefore, residents must be made aware of
the danger of fires. Figure 5 shows the annual growth of the number of fires in Samawah
over the years (2017-2021).
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Fig. 5. The increase in the number of fires annually.

4.3 Classification of Fire

The Directorate of Civil Defense in Al-Muthanna Governorate classifies fires into three
categories (government sector fires, private sector fires, mixed sector fires). Table 3
shows the rate of fires that occurred during the past five years in each sector.

Table 3. Fire rate in sectors for the past five years.

Classification of fire | Fire rate for the period from
(2017-2021)

Government sector 286
Residential sector 1758
Mixed sector 0

The data in the above table showed that there is a big difference between the number
of fires in the governmental and residential sectors in Al-Muthanna Governorate, and
this indicated that the most crowded areas have the largest number of fires and this is
observed in residential areas. As for the mixed sector, the number of fires is equal to zero
because the number of mixed buildings between the residential and government sectors
in the governorate is almost non-existent. In the city of Samawah (70%) of these fires
occur because it is the center of the governorate and the most densely populated and
built.
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4.4 Evaluation of the Efficiency of the Fire brigade Stations Distribution

4.4.1 Population Size Criterion

The Directorate of Statistics in the city of Samawa estimated the population of the city
of Samawa to reach 233977 people for the year 2020. Since the urban and rural housing
standards in Iraq for the year 2018 indicate that each fire brigade station must provide
a service for (38400-57600) capita (average = 48000 capita), this indicates a shortage
in the number of fire brigade stations in the city according to this standard. There are
four fire brigade station available in the city, meaning that there is a need to open two
additional fire brigade stations according to this standard.

4.4.2 Distance Traveled Criterion

The Ministry of Housing standards for 2018 indicates that the coverage distance of
civil defense centers is 2 km. By applying the criterion of the distance traveled within
the study area and based on the area of residential neighborhoods represented by the
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Fig. 6. Coverage of existing fire brigade stations for city areas.
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GIS program, the proportion of areas served and not served by fire brigade stations in
the city of Samawah. Figure 6 shows the parts of the city that are not covered by fire
brigade stations services, which constitute large areas of the city, and this makes many
of the city’s residents and their properties exposed to risks due to the lack of fire stations
covering their areas.

This means that the city needs to open additional fire brigade stations to reduce the
shortfall in coverage of all areas of the city and achieve the standard traveled distance
of 2 km, as shown in Fig. 7.
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Fig. 7. Additional fire brigade station locations.

4.4.3 Response Time Standard
Time is the critical element when reporting any emergency. For example, a fire can
expand and double its size significantly in a short time. Time is the most important
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factor in saving building occupants and reducing human and material losses [13]. The
Iraqi local standard, according to the Ministry of Housing, set the response time at 10
min, which is a very long time if it is compared with the international standard, which is
4 min, so reducing the time required requires finding an ideal distribution for fire brigade
stations and this depends on good planning for that service, which in turn is reflected on
providing good service as quickly as possible and for the largest number of residents.
To achieve this ideal service, the number of fire brigade stations must be increased and
distributed in an ideal manner, taking into account the area of the city. The response time
of 4 min was adopted for research purposes because it represents a global and realistic
standard in practice and is approved in many countries [1]. Table 4 shows the response
rate of fire brigade stations in the city of Samawah for the past five years.

Table 4. Response time to fire brigade stations in the past five years.

Response time (minutes)

Year | <3min | (4-5) |(6-10) | (11-15) | (16-30) | (31-59) | >60 min.
min. min. min. min. min.
2017 460 137 48 6 2 0
2018 540 213 51 12 1 0
2019 569 230 59 16 1 0
2020 798 296 85 21 11 0 0
2021 | 1091 421 113 31 17 2 0
Ave. 692 260 72 18 8 2 0
% 65 24 7 1.7 0.79 0.018 0

It is clear from the above that the fire brigade stations in the study area have applied
the international standard in response time, which was estimated at four minutes, 65%
of the total during the study period. As for the national standard, which estimated the
response time at ten minutes, the rate of arrival of fire brigade teams during this period
was It reached 7% of the total number of fires in urban centers in the city during the study
period, and there are percentages of the arrival of fire brigade teams outside the local and
international classification, so these percentages are not appropriate for rescue operations
from fire accidents that are quick to destroy everything within minutes. Suggesting fire
brigade stations through which an appropriate and standard response time is achieved
to reduce the proportion of human and material losses as much as possible.

5 Conclusions
From this study the following was concluded:

e There is an illogical distribution of fire brigade stations in terms of the area served, as
there are fire brigade stations that serve areas twice the area served by other stations.
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e Thereis asignificant increase in the number of annual fires and these fires are gradually
increasing with the years as a result of the population increase in the city.
e Evaluate the locations of fire brigade stations, according to:

a. Population size criterion: By applying this criterion, it was found that the study
area needs additional fire brigade stations.

b. Distance traveled criterion: Through the application of this criterion, it was
observed that there is a large deficit in all fire brigade stations in delivering their
services to residential neighborhoods in the city, where the percentage of the deficit
reached approximately (40%) of the total area of the city.

c. Response time criterion: There is a delay in the response time for a number of
fires, and this is unacceptable because the fire spreads very quickly and causes a
heavy loss of life and property.

e According to the above criteria, the study area needs eight fire brigade stations, mean-
ing thatitneeds to add four fire brigade stations to the actual existing stations, which are
four fire brigade stations. This additional number of stations will serve the expansion
areas around the study area.
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Abstract. Water is essential for survival, and controlling water quality is one
of the most basic requirements for protecting this natural wealth from pollution
and extinction. Statistical analysis technique was used with the SPSS v26 soft-
ware to evaluate the quality of raw water period from (2016-2020), and 14 water
parameters were assessed (Ka, Na, TSS, TDS, Mg, Ca, SOy4, Alk, TH, pH, Turbid,
Temp, Cl, and Ec). Five principal components have eigenvalues value greater than
unity and explain (76.159%) of the total variance of original data set. The first
component was (28.678%) of the total variance with high loading on (TH, Ca,
Mg, Cl and Ka), the second component was (16.141%) with positive loading on
(TSS, Turb, and Temperature), the third component was (14.826%) with positive
loading on (TDS and Ec), the fourth component was (8.929%) with positive load-
ing in (Alk and SOg4), and the last one has (7.59%) from total variance which
high positive loading in (pH). The Multiple Linear Regression (MLR) results in
a strong relationship between water conductivity and total suspended solid with
other water parameters which the coefficient of determination (R2) values were
0.963 and 0.92. The ANN model was created to forecast river turbidity based on
influent TSS, Mg, TDS, and Ca. The sum of squared errors and relative errors
being (0.231, 0.101) and (0.009, 0.027) respectively, respectively, the error rate in
predicting the model is low, indicating that the model is successful in predicting
the turbidity of the river’s raw water.

Keywords: Drinking water - Assessment - Statistical analyses

1 Introduction

Water is one of the most important basic sources of life. Water pollution has a signifi-
cant impact on human health, so keeping clean water free of pollution is a high priority
for a disease-free life [1]. Detecting variations in the quality of drinking water through
the use of statistical analysis techniques, which improve the reliability of the system
in laboratories, allowing the administration to make the appropriate decision, and these
techniques provide foresight into future changes and challenges confronting the author-
ities in charge of managing and regulating water [2]. Monitoring water quality over
time and using statistical analysis is one of the most common and effective methods for
evaluating time changes and environmental problems that occur in raw water sources
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based on chemical and physical parameters and biological indicators, and it contributes
significantly to assisting researchers in changing the state of pollution [3]. According
to [4], the temporal data of raw water quality is a fundamental method for discovering
hypotheses that were not present when measurements were taken and were not expected,
and it is of a standard value that reveals important patterns that allow us to identify trends
and rare events that appear, and thus discover undesirable characteristics in the quality of
drinking water. One of the most important components of machine learning and artificial
intelligence is artificial neural networks. It is inspired by the structure of the human brain
and operates as if it were made up of interconnected nodes where simple manipulations
can be performed [5].

Artificial Neural Networks (ANNSs), also known as neural networks, are cutting-edge
computational systems and methods for deep learning, knowledge presentation, and
finally applying acquired knowledge to maximize complicated system output responses
[6]. Also, the principal component analysis (PCA) is another statistic technique used
in water quality sample testing to summarize and abbreviate data, converting a large
number of implicitly, albeit partially, correlated variables into a much smaller set of
imaginary independent variables, which are usually called principal components. It is
calculated primarily from the original variables in ratios and amounts that increase or
decrease depending on the role and influence of the original variables [7]. This study
aims to use statistical analysis tools to assess drinking water quality in Al-Muthanna
Water Treatment Plant and find mathematical models that allow us to predict basic water
quality parameters.

2 Materials and Methods

The following points can summarize the statistical analysis and modeling prediction of
source water using SPSS v26:

e Multiple linear regression (stepwise regression model) was used for raw water quality
parameters to find a mathematical relationship that predicts the value of (Ec and Turb)
with other water parameters.

e Principal component analysis (PCA): is a technique for identifying a smaller number
of uncorrelated variables known as principal components from a larger set of data.
This technique is commonly used to highlight differences and capture strong patterns
in data sets. It is one of the most widely used methods for analyzing water quality
data and reducing variables without affecting the system [8].

e The ANN model was created to forecast river turbidity based on influent TSS, Mg,
TDS, and Ca turbidity. Water turbidity is one of the most important parameters indi-
cating the quality of drinking water because it is an integrated parameter that is closely
related to the rest of the water quality parameters and can be used to infer the quality
of drinking water [9].
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3 Results and Discussion

3.1 Principal Component Analysis (PCA)

The data were standardized, and the Kaiser-Meyer-Olkin (KMO) and Bartlett sphericity
tests were computed. The KMO test resulted in 0.62, and the Bartlett sphericity test
resulted in less than 0.001. The value of (Kaiser-Meyer-Olkin (KMO) test and Bartlett
sphericity test) equals (0.66), which is an acceptable value because the minimum value
is (0.5), indicating that the measurement is good and the significant degree of the mea-
surement has been reached (0). Eigenvalues accounts and scree plot in Table 1 listed
that only five principal components have eigenvalues greater than unity and explain
(76.159%) of the total variance in the data set. The first component accounted for about
(28.678%) of the total variance with high loading on (TH, Ca, Mg, Cl, and Ka). Polyva-
lent mineral ions cause water hardness. Water hardness is formed primarily by calcium
and magnesium. An increase in hardness has a negative impact on human health and the
industries that use water [10]. The second component accounted for about (16.141%) of
the total variance and has a height positive loading for (TSS, Turb, and Temperature).
The increase in suspended matter and turbidity has a negative impact on drinking water
quality and the efficiency of drinking water treatment plants [11].

The third component accounted for about (14.826%) of the total variance and has a
height positive loading for (TDS and Ec). TDS and Ec are water quality parameters that
indicate salinity. These two parameters are correlated and are usually expressed using
the following simple equation: k Ec = TDS [12]. The fourth component accounted for
about (8.929%) of the total variance and has a height positive loading in (Alk and SO4),
and the last one has (7.59%) from total variance which high positive loading in (pH).
Increased pH and Alk values indicate that the water contains alkaline salts like (NaOH)
and (CaOH); [13].

Table 1. Total variance explained.

Comp. | Initial eigenvalues Extraction sums of squared Rotation
loadings sums of
squared
loadings
Total | % of Cumulative | Total | % of Cumulative | Total
variance | % variance | %
1 4014 |28.672 28.672 4.014 |28.672 28.672 3.383
2 2260 |16.141 44.813 2260 |16.141 44.813 3.246
3 2.076 |14.826 59.640 2.076 | 14.826 59.640 2.304
4 1.250 8.929 68.569 1.250 8.929 68.569 1.721
5 1.063 7.590 76.159 1.063 7.590 76.159 1.268
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3.2 Multiple Regression Results (MLR)

Multiple linear regression is an advanced statistical method that ensures the accuracy
of inference in order to improve research results through the optimal use of data in
finding causal relationships between the phenomena of the subject of study. The multi-
linear regression analysis was used to determine the relationship between the dependent
and independent water quality parameters. The dependent variables (TSS and Ec) were
selected, and the most independent influence parameter of water quality was chosen
using a stepwise regression mod. The Multiple Regression Results listed in Table 2 and
Fig. 1 a strong relationship between water conductivity and other water parameters, with
a coefficient of determination (R?) value (0.963), indicating a positive relationship with
a high degree of predictability. The test also indicated that electrical conductivity is a
function of (TDS) which can be represented in Eq. (1) that can be used to predict current
and future values

Ec = 55.917 + 1.595 TDS (1)

Table 2. Model summary of Ec prediction.

Model R R? Adjusted R2 Std. error of the estimate
1 .9812 963 953 10.4614

4Dependent variable Ec
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Fig. 1. Comparison of Ec (1S/cm) between observed and predicted values.

Table 3 and Fig. 2 listed that high relegation factor between (TSS) and other water
quality parameters with (R?) value (0.92), and indicated that total suspended solid is a
function of (Turbidity), which can be produced by the Eq. (2).

TSS = 0.93 + 1.903 Turb 2)
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Table 3. Model summary of TSS prediction.

Model R R2 Adjusted R2 Std. Error of the estimate
1 9592 920 897 6.5505
120
(o]
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Fig. 2. Comparison of TSS (mg/L) between observed and predicted values.

Both above equations have been tested in the field and have proven to be reliable
equations capable of producing very high results.

3.3 Artificial Neural Network (ANN)

The neural network application is an important tool for predicting water quality in
drinking water treatment plants in order to reduce analysis and operating costs, evaluate
performance, and control operating conditions more broadly [14]. The ANN model
was created to forecast river turbidity based on influent TSS, Mg, TDS, and Ca. The
model required 61 input data points divided into 47 for training and 14 for testing.
Standardization is the data scaling method, and the number of hidden layers is one.
Table 4 listed the amount of error was small in both training and testing, with the sum
of squared errors and relative errors being (0.231 and 0.101) and (0.009 and 0.027)
respectively, which the error rate in predicting the model is low, indicating that the
model is successful in predicting the turbidity of the river’s raw water. Table 5 explains
the nature of the strength of the relationship between the independent and dependent
factors in the input, hidden, and output layers, illustrated in Fig. 3. It shows that the gray
line indicates positive values, and the blue line indicates negative values. The thickness
of the line depends on the element’s influence in the prediction process, regardless of
whether the value is positive or negative.
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Table 4. ANN model summary.

Training Sum of squares error 0.213
Relative error 0.009
Stopping rule used 1 consecutive step(s) with no decrease in error
Training time 0:00:00.00
Testing Sum of squares error 0.101
Relative error 0.027

Dependent Variable: Turbidity

a. Error computations are based on the testing sample

Table 5. Hidden layer parameters parameter estimates.

Predictor Predicted
Hidden layer 1 Output layer
H(1:1) H (1:2) H(1:3) Turbidity
Input layer (Bias) 118 .098 —.246
TSS —.405 —.541 420
Ca —.026 —.122 —.337
TDS .025 —.470 —.142
Mg .169 —.307 .305
Hidden layer 1 (Bias) 332
H(1:1) —1.624
H (1:2) —.355
H(1:3) 611

Figure 4 compares the prediction of turbidity concentrations based on different tur-
bidity input parameters observed in this study. The expected trend follows the observed
trend for all input data, and there is a significant convergence between the expected and
actual values, with a small disparity.
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Synaptic Weight = 0
== Synaptic Weight < 0

Hidden layer activation function: Hyperbolic tangent

Output layer activation function: Identity

Fig. 3. Artificial neural network.
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Fig. 4. Actual turbidity (NTU) versus predicted turbidity.

4 Conclusions

The following were the conclusions reached through the use of statistical analysis
techniques: -

e Only five principal components have eigenvalues value greater than unity and explain
(76.159%) of the total variance in the data set.
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The Multiple Linear Regression (MLR) results in a strong relationship between water
conductivity and total suspended solid with other water parameters which the coeffi-
cient of determination (R?) values were (0.963) and (0.92) sequentially, indicating a
positive relationship with a high degree of predictability.

The ANN modeling results show that the model performed at 99.06% prediction
accuracy
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Abstract. The population has been trying to use clean energy instead of com-
bustion. The choice was to use liquefied petroleum gas (LPG) for domestic use,
especially for cooking due to its advantages as a light gas, a lower cost, and
clean energy. Residential complexes are supplied with liquefied petroleum gas for
each housing unit, transported by pipes from LPG tanks to the equipment. This
research aims to simulate the design and performance design of the LPG system
in the building that is applied to a residential complex in Baghdad taken as a
study case with eight buildings. The building has 11 floors, and each floor has four
apartments. The design in this study has been done in two parts, part one is the
design of an LPG system for one building, and the second part is the design of an
LPG system for a complex containing eight buildings. The results were obtained
by using mathematical equations and using the Pipe Flow expert v7.30 program
to design and analyze with explaining steps in the program to design.

Keywords: LPG - Simulation - Design - Performance - Pipe flow software -
Residential complex

1 Introduction

Many people who live globally lacked access to clean cooking, a modest rise over 2012.
Although South and Southwest Asia had the most significant number of these people,
Sub-Saharan Africa had a tremendous shortage. Because the population grows by 25
million per year, while access to clean cooking increases by just 4 million, access is
proportional to population. Getting to Goal seven of the Sustainable Development Goals
to ensure cheap and dependable access [1]. Because of its clean-burning properties
and practical advantages over solid fuels and kerosene, liquefied petroleum gas (LPG),
which primarily consists of propane and butane, is particularly well suited to residential
cooking and heating needs. It is more convenient, safer, and cleaner in particular. It’s also
lightweight and has a high calorific value, both volume, and mass. As a result, switching
from solid fuels and kerosene to LPG can have significant health, developmental, and
environmental benefits [3].

Liquid Petroleum Gases (LPG) classify as light gases like propane and butane.
Among its characteristics, it is considered a gas at normal temperature and pressure
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