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ABSTRACT

Scheduling is the process of arranging, controlling, and optimizing work activity in a process of a construction
project. The estimating of activity duration involves assessing the number of work periods likely to be
needed to complete each identified activity. Estimating activity duration is probably the most difficult aspect
of scheduling Irrigation and Drainage Projects. It is like estimating the cost of an activity. The aim of this
paper is to develop a mathematical model for predicting the duration of Irrigation and Drainage Projects in
the Republic of Iraq using the Artificial Neural Network (ANN) technique, as a case study, one hundred fifty
Irrigation, and Drainage projects were selected in order to identify and prediction of the duration. Only two
ANN model was built to predict the duration of the activities of implementation and Maintenance. The first
model which has seven factors was adapted to develop the implementation duration model [LC: Length of
the Channel (m.l); C. A: Amount of the Contract (1.D); Fl: Fill (m3 ); CU: Cut (m3); A.C: Area of the Concrete
(m2); T.H: Thickness of the Concrete (cm)], while the second model that has seven factors was adapted to
develop the Maintenance duration model [L: Length of Channel ( m.l); C: Cost of Maintenance (I.D); P.R.O:
Productivity (m3)]. It was concluded that the ANN technique showed good estimation results. The results
were interpreted in terms of the implementation of irrigation and drainage projects as AA99.17% and R
which were 99.4%, respectively. As for the maintenance of irrigation and drainage projects, it was AA
89.337%. R 95.3%.
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1. Introduction ANNs have recently been widely used to type some
of the human activities in various areas of project
management and engineering. One of the distinct
characteristics of the ANN is its ability to learn
from experience and examples and then to adapt
changing conditions. Engineers often deal with
incomplete and noisy data, which is one area
where NN is most applied. This is particularly the
case at the conceptual stage of the estimation

Planning is necessary to ensure that human and
material resources are used appropriately to
achieve the construction project's goals. Since
planning is about the future, it needs to be flexible.
Thinking is an important feature of planning. In
each project, the plan includes estimates, budget,
schedule, sequencing of completion of each part of
the project, work plan, facilities, and

equipment(Seetharaman, 2000)( Nidal et al, 2020) ;;‘;Cljss (Hammoody et al., 2022)( Al-Zwainy et al,
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The aim of this research is to develop and
evaluate a mathematical model which could be
used to predict the duration for future Irrigation
and Drainage Projects using ANN technique,
through the following steps:

1) Diagnosing and Identification of ANN model
variables.

2) Development and evaluation of the proposed
ANN models for implementation of irrigation
and drainage projects.

3) Development and evaluation of the proposed
ANN models for maintenance of irrigation and
drainage.

4) Determining the important of variables that
effect on duration for implementation and
maintenance of irrigation and drainage
projects.

5) Investigation the validity and verification for
development models.

The methodology that was used in this research to
obtain the objectives of this study can be
summarized in the following:

1) Literature review: This literature review
provides a systematic review of previous
studies and their relevance to this study. It
also displays a review of books, papers,
theses, various references, and the website
for the research field, especially those related
to planning and scheduling.

2) Data collection: The researcher relied on
historical data to schedule the
implementation and maintenance of irrigation
and drainage projects based on the projects
implemented by the General Authority for the
Maintenance and Operation of the Euphrates
River Basin, and these historical data are used
in developing mathematical models.

3) Development and Design Models: In this
stage, the selection of the application, the
choice of model types and design models are
addressed. Moreover, the models are
implemented and trained for several times
with validation. In addition, it includes test
models and a discussion of results with
previous similar studies judged.

4) Model Validation and Verification: Finally, at
this stage, there is the validation and
verification of models, finding statistical

models for parameters (MAPE, RMSE, AA%, R
and R2) and choosing the optimal model.

The importance for the research can be

summarized as follows:

1) Enriching the local engineering scientific
library with new research concepts that will
appear in this study.

2) Derivation of mathematical equations that
contribute to helping planning and scheduling
engineers predict the implementation and
maintenance durations of irrigation and
drainage projects with accurate, simple and
quick procedures.

3) Determining the duration of implementation
and maintenance of irrigation and drainage
projects by integrating quantitative and
qualitative variables in forecasting equations
for an accurate estimate.

4) Providing Iraqi project management
organizations and companies in the Ministry
of Water Resources with accurate
mathematical equations to predict the
duration of implementation and maintenance
of irrigation and drainage projects.

A number of researchers have applied ANNs in
project management, principally for estimation,
and predicting. (Jaber et al, 2016) used Machine
Learning Techniques (MLRT) has been used to
build prediction model for earned value indexes.
(Aljumaily, 2016) used a three-layered back-
propagation neural network for predicating the
durations of irrigation channels projects in Iraq
.(Fan et al., 2021) using a two-stage ANN captures
the nature of duration, predicts the duration of
building projects with only sparse information at
the very early stage of the project, and uses
sensitivity analysis to provide explanatory insight
into the contributions of the variables with a
limited number of samples. (AL-Zubaidi et al.,
2019) used The study the back-propagation (BP)
network made of nodes for error evaluation of the
training states. Further, the proposed system
illustrated that the artificial neural network (ANN)
satisfies the three crucial criteria (cost, quality, and
time) used for the evaluation of projects. (Khaled
et al., 2018) used The ANN multi-layer feed-
forward with back-propagation algorithm was
utilized to build up the mathematical equations.
The created prediction equations demonstrated a
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high degree of average accuracy. (Altaie & Borhan,
2018) used the Artificial Neural Networks Model
which recommends scientific and practical
predicting the optimum duration to complete the
repetitive construction projects in Iraq in the
planning and scheduling stages that can take the
influencing of many principal factors in order to
assist the project manager.(Al-saadi et al., 2017)
The methodology used two important parts, the
first part, reviewing the literature of the subject
(estimating the duration of the road projects), and
the second part, used of a program neuframe v.4
to build the models of neural networks to estimate
the duration of road project. (Titirla & Aretoulis,
2019) used to examine selected similar Greek
highway projects to create artificial neural
network-based models to predict their actual
construction duration based on data available at
the bidding stage. (Gab-Allah et al., 2015)
Employers are in wurgent need of reliable
information about the construction duration in this
early stage of the project. Such information can
materially help project managers create a cash and
material flow plan in a pre-set time. used to
develop an artificial neural network (ANN) model
for predicting the expected construction duration
of building projects in their early stage.(Naik &
Radhika, 2015) used artificial neural networks
(ANN) have recently attracted much attention
because of their ability to solve the qualitative and
guantitative problems faced in the construction
industry.

2. Development and evaluation of the proposed
ANN models for implementation of irrigation and
drainage projects

The methodology incorporates three main stages,
the first stage is diagnosing and identification of
neural network model variables, the second stage is
designing and modelling the neural network model.
Final stage is investigating the validity and verification
of the development model (Ibraheem et al, 2020).

2. 1 Diagnosing and Identification of ANN model
variables

Historical data included the six independent
variables that were randomly selected which were
well defined for each irrigation and drainage
project, and one dependent variable was assigned
as shown in table (2). Moreover, these factors that
affect the duration of the implementation project
has adopted in the ANN model that two the type
of variable are dependent and independent
variable:

1) Independed Variables (ANN Output): This type
comprised nine variables, as the following:

LC : Length of the Channel in (m).
C.A : Amount of the Contract (1.D).
FI : Fill (m3).

CU : Cut (m3).

C.V : Area of the Concrete (m?).

T.H : Thickness of the Concrete (cm).

2) Dependent Variable (ANN Input): This type
comprised one variable, as the following:

D : Duration of Contract (day).

2.2 Data Division ANN Model

In this step within the development of the ANN
model, the available data is divided into their
subsets, which are training, testing, and validation
sets. The division can be made by conducting the
attempts to divide the data while getting the
lowest testing error and the highest coefficient
correlation by using rescaling method covariates.
This division can be accomplished by using (SPSS V.
26) software. Using the default parameters of the
software, a number of networks with different
divisions were developed and the results are
summarized in table (1), It can be seen that the top
division is 68% for the training set, 32% for the
testing set, and 100% for the validation set, and
significant lowest value of testing error (0.019)
thus, this division was accepted in ANN model.
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Table (1): Case Processing Summary of ANN Model Performance for the implementation of irrigation

projects
No. Processing Testing error Percent%
Training 68
1 0.019
Testing 32
Training 64
2 0.024
Testing 36
Training 74
3 0.021
Testing 26
Training 70
4 1.407
Testing 30
Valid 50 100%
Excluded 0
Total 50

Below are the statistical variables for the implementation of irrigation projects as shown in table (2)

Table(2) Statistical variables for the implementation of irrigation projects

Total Cost Duration Length of concrete cut Fill thickness
channel volume concrete
Valid 50 50 50 50 50 50 50
N Missing 0 0 0 0 0 0 0
Mean 1162055576.00, 150.04 4489.32 59673.48 |78229.00 |57594.34| 9.34
Std. Deviation[322567317.314| 66.267 1909.368 | 28121.362 (69904.285|57728.764| 1.319
Range 1285279000 265 9850 100000 180000 | 230000 6
Minimum 701050000 100 1000 25000 20000 20000 7
Maximum | 1986329000 365 10850 125000 200000 | 250000 13
2.3 Model Architecture, Optimization and Covariates in an attempt to develop a model

Stopping Criteria

The determination of the architecture of the
model is one of the most important and
problematic tasks in the development of ANN
models. The network that performs best with
respect to the lowest testing error followed by
training error and high correlation coefficient of
validation set was retrained with different
combinations of momentum terms, learning rates,
transfer functions, and Rescaling Method for

performance. The network of ANN Model is set to
one hidden layer with two nodes by using the
default parameters of the software (learning rate =
0.4 and momentum term = 0.9 and the transfer
functions in hidden is tanh and in output layer
node is Identity, rescaling method for covariates is
standardized, and the results are summarized in
table (3).
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Table (3): Network Information on ANN Model Performance for the implementation of irrigation projects.

1 Total Cost

Length of channel

) concrete volume
Covariates

Input Layer

Fill

2
3
4 cut
5
6

thickness concrete

Number of Units? 6

Rescaling Method for Covariates Standardized

Number of Hidden Layers 1

Hidden Layer(s) Number of Units in Hidden Layer 1° 1

Activation Function Hyperbolic tangent

Dependent Variables 1 Duration

Number of Units 1

Output Layer Rescaling Method for Scale Dependents Standardized

Activation Function Identity

Error Function Sum of Squares

The small number of connection weights were
obtained by (SPSS.V.26) for the optimal ANN
model. Allowing the network to be converted into

of the ANN model is illustrated in the figure. (1),
although weights of connection and levels
threshold (bias) are potted in the table (4).

the moderately modest formula. The organization

0
¢

1]
C

g

H

Hidden layer activation function: Hyperbolic tangent

Ciutput layer activation function: ldentity

Figure(1): Structure of the ANNs Optimal Duration Model for the implementation of irrigation projects
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Table (4): Parameter Estimates for the ANN Optimal Duration Model for the implementation of irrigation projects.

Predicted
Predictor Hidden Layer 1| Output Layer
H(1:1) D

(Bias) -0.474
T.C -0.167
L.C 0.875
Input Layer C.v 0.085
cu 0.020
Fi 0.106
TH 0.076

Hidden Layer 1 (Bias) 0593

H(1:1) 1.855

by the connection weights and the threshold levels
shown in table (4), the estimate columns Duration
(day) can be expressed as follows:

Duration = [Y1*(1.855)]

Yi={-0.474+ (-
0.167* T.C)+ (0.875*L.C)+ (0.085* C.V)+ (0.020*CU)
+(0.106*F1)+(0.076*TH) }

2.4 Validity of the ANN Model

In order to test the model validation and
verification, the following statistical measures
were used; the Mean Percentage Error (MPE), the
Root Mean Squared Error (RMSE), the Mean
Absolute Percentage Error (MAPE), the Average
Accuracy Percentage (AA%), the Coefficient of
Correlation (R) and the Coefficient of
Determination (R?):

1. Mean Percentage Error (MPE) ;

MPE={5(A-E)/A
JNFEL00%....corerieisievisierecriseer e (3)

Where:
A = actual value

E = estimated value or predicted value

n = total number of observations
2. Root Mean Squared Error (RMSE);
RMSE=V(5(E-

3. Mean Absolute Percentage Error ( MAPE)

MAPE=(5 | A-
E/A*100%)/ Moo (5)

4. Average Accuracy Percentage (AA%)
AA% =100% - MAPE

5. The coefficient of Determination(R2)
6. The coefficient of correlation (R)

The effects of the qualified study are set in table
(5) It is the MAPE, RMSE, and MAE generated by
the ANN model were found to be 0.829%, 1.329%,
and 0.952 respectively. for that reason, the
Coefficient Correlation (99.4%) and coefficient of
determination (98.9%) measure how well the
model outputs equal the goal value as shown in
figure (2). Therefore, it can be seen the ANN model
shows good agreement with concluded the actual
value. Therefore, high prediction accuracy needs
more time to train the network and search for
complexity ANN model.
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AA% = Average Accuracy Percentage = 100- 0.829 =
99.17%

Table (5): Validity Results of the ANN Model for the implementation of irrigation projects.

Model Fit statistics

Model i -
StationaryR- | ¢ o lared | RMSE MAPE MAE
squared
Duration-Model_1 0.989 0.989 1.359 0.829 0.952

Predicted Value

R Linear = 0.989

100 110 120 130 140

Duration

150

3047

Figure (2) : showed relationship between duration of the contract and predicated value for the implementation of

irrigation projects

2.5 Sensitivity Analysis

The sensitivity analysis of the ANN model revealed that

(L.C) has the highest effect, followed by (T.C),(Fl), (TH), table (6).

(C.A) and (CU) with relative effects of (100%), (15.2. %),
(15%), (7.8%), (7.6%) and (1.6%) respectively as shown in
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Table (6): Sensitivity analysis of the ANN model for the implementation of irrigation projects

Independent Variable Importance
Importance Relative Importance
Total Cost 0.103 15.2%
Length of channel 0.679 100%
concrete area 0.051 7.6%
cut 0.011 1.6%
Fill 0.102 15%
thickness concrete 0.053 7.8%

3. Development and evaluation of the proposed
ANN models for Maintenance of irrigation and
drainage projects

The methodology incorporates three main stages, the
first stage is diagnosing and identification of neural
network model variables, the second stage is
designing and modelling the neural network model.
Final stage is investigating the validity and verification
of the development model.

3.1 Diagnosing and lIdentification of ANN model
variables

The historical data included the four
independent and dependent variables that were
randomly selected and well defined for each
irrigation and drainage project, and one dependent
variable was assigned. Moreover, these factors
affecting the maintenance durations of irrigation
and drainage projects have adopted in the ANN
model that two types of variable are dependent
and independent variable:

1) Independent Variables (ANN Output): This type
comprised three variables, as the following

L: Length of Channel (m.l)
C: Cost of Maintenance(l.D)
P.R.O : Productivity (m?3)

2) Dependent Variables (ANN Input): This type
comprised one variable, as the following.

D: Period of Maintenance (day)
3.2 Data Division ANN Model

In this step within the development of the ANN
model, the available data is divided into subsets,
which are training, testing, and validation sets. The
division can be made by conducting the attempts
to divide the data while getting the lowest testing
error and the highest coefficient correlation. This
division can be accomplished by using (SPSS. v 26)
software. Using the default parameters of the
software, a number of networks with different
divisions were developed and the results are
summarized in table (7), It can be seen that the top
division is (76%) for the training set, (24%) testing
set, and (100%) for the validation set, and
significant lowest value of testing error (0.023)
thus, this division was accepted in ANN model.
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Table (7): Case Processing Summary of ANN Model Performance Irrigation projects maintenance

No. Processing Testing error Percent%
Training 76
1 0.023
Testing 24
Training 74
2 0.098
Testing 26
Training 63
3 0.096
Testing 37
Training 77
4 1.005
Testing 23
Valid 100 100%
Excluded 0
Total 100
Below are the statistical variables for the table (8).

maintenance of irrigation projects as shown in

Table (8) the statistical variables for the Irrigation projects maintenance

length of canal Maintenance Maintgnance productivity
cost period
Valid 100 100 100 100
N Missing 0 0 0 0
Mean 7.38 1824080.00 17.53 0.3201
Std. Deviation 6.565 1942532.34 22.419 0.12176
Range 33 9820000 148 0.27
Minimum 1 80000 1 0.20
Maximum 33 9900000 149 0.47

3.3 Model Architecture,
Stopping Criteria

Optimization and

The determination of the architecture of the model
is one of the most important and problematic tasks
in the development of ANN models. The network
that performs best with respect to the lowest
testing error followed by training error and high
correlation coefficient of validation set was
retrained with different combinations of
momentum terms, learning rates, transfer
functions, and Rescaling Method for Covariates in

an attempt to develop a model performance. The

network of ANN model is set to one hidden layer
with seven nodes by using the default parameters
of the software (learning rate = 0.4 and
momentum term = 0.9 and the transfer functions
in hidden is tanh and in output layer node is
Identity, rescaling method for covariates is
standardized), and the results are summarized in
table (9).
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Table (9): Network Information on ANN Model Performance Irrigation projects maintenance

Input Layer

Covariates

1 length of canal
2 Maintenance cost
3 productivity

Number of Units®

Rescaling Method for Covariates

Standardized

Hidden Layer(s)

Number of Hidden Layers

Number of Units in Hidden Layer 12

Activation Function

Hyperbolic tangent

Output Layer

Dependent Variables

Maintenance period

Number of Units

Rescaling Method for Scale Dependents

Standardized

Activation Function

Identity

Error Function

Sum of Squares

The small number of connection weights were obtained by SPSS for the optimal ANN model. Allowing the
network to be converted into moderately modest formula. The organization of the ANN model is illustrated

in figure. (3), although as weights of connection and levels threshold (bias) are potted in table (10).

Hidden layer activation function: Hyperbolic tangent

Ciutput layer activation function: ldentity

Synaptic Weight = 0O
—Synaptic Weight = 0

Figure (3): Structure of the ANNs Optimal Duration Model. Irrigation projects maintenance
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Table (10): Parameter Estimates for the ANN Optimal Duration Model Irrigation projects maintenance

Predicted
Predictor Hidden Layer 1 C:_::/Zl;t
H(1:1) | H(1:2) H(1:3) | H(1:4) | H(1:5) | H(1:6) D
(Bias) -3.110 -1.032 2.965 -0.466 0.231 0.073
L 0.888 0.496 -0.239 -0.770 -0.067 | -0.412
Input Layer

C 1.069 0.070 -1.269 -0.457 0.258 | -0.253

P.R.O 0.858 0.015 -1.029 0.265 -0.542 | 0.251
(Bias) 0.096
H(1:1) 2.571
H(1:2) 0.500
Hidden Layer 1| H(1:3) 2.706
H(1:4) -0.741
H(1:5) -0.431
H(1:6) -0.219

by the connection weights and the threshold levels
shownin table (10), the estimate columns
Duration (day) can be expressed as follows:

Duration = [Y1*(2.571) +
Y2*(0.500)+Y3*(2.706)+Y4*(--0.741)+Y5*(-
0.431)+Y6*(-0.219)] +(0.096)

.............................................................................. (7)
where:

Y1={-3.110+(0.888*L)+( 1.069*C)+(
0.858*P.R.0O)}.cceeeuvereeeverecnnn(8)

Y2 = {-1.032+(0.496*L)+( 0.070*C)+(
0.015*P.R.O e (9)

Y3={2.965+(-0.239*L)+( -1.269*C)+( -
1.029*P.R.0)}.cvceiinn (10)

Y5 = {0.231+(-0.067*L)+( 0.258*C)+( -
0.542*P.R.0)}ceeeeeeererreen, (12)

3.4 Validity of the ANN Model

The effects of the qualified study are set in table
(12). It is The MAPE, RMSE and MAE generated by ANN
model were found to be 10.663%, 1.556% and 0.909
respectively. for that reason, the Coefficient Correlation
(95.3%) and coefficient of determination (90.9%)
measures how well the model outputs equal the goal
value as shown in figure (4). Therefore, it can be seen the
ANN model show good agreement with concluded the
actual value. Therefore, high predication accuracy needs
more time to train the network and search for
complexity ANN model.

AA% = Average Accuracy Percentage = 100- MAPE =
100-10.636=89.337
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Table (11): Validity Results of the ANN Model . Irrigation projects maintenance

Model Fit statistics

Model i -
Stationary R R-squared RMSE MAPE MAE
squared
Maintenance period- 0737 0.991 1.556 10.663 0.909
Model_1

Predicted Value

R? Linear = 0.909

[:] 20 40 &0

Maintenance period

Figure (4) : showed relationship between duration of the contract and predicated value for Irrigation projects
maintenance

3.5 Sensitivity Analysis

The sensitivity analysis of the ANN model revealed that
(L.C) has the highest effect, followed by (M.C) ,(P.R.0)

with relative effects of (100%), (419 %), (5.5%)
respectively as shown in Table (12)

Table (12): Sensitivity analysis of the ANN model Irrigation projects maintenance

Independent Variable Importance

Importance Relative Importance
length of canal 100.0%
Maintenance cost 41.9%
productivity 5.5%

4. Conclusion

This chapter focused on the use of artificial neural
network technology to achieve greater accuracy in
Irrigation and drainage projects (implementation
and maintenance of irrigation projects) an accurate
prediction model. It was made by applying the
back propagation algorithm through the program
(SPSS.V.26). By performing this technique, the
method of data analysis (MLP technique) differs in

that the historical data has been divided into three
groups which are training, testing and validation. It
was concluded that the ANN technique showed
good estimation results. The results were
interpreted in terms of the implementation of
irrigation and drainage projects as AA99.17% and R
which were 99.4%, respectively. As for the
maintenance of irrigation and drainage projects, it
was AA 89.337%. R 95.3%.
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