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Abstract— The phenomenon of delaying of residential projects has become a common phenomenon, especially in developing countries. 

The delaying payment considers one of the main reasons for the delay, which leads to disruption and interruption in the cash flow of the 

project, which may lead to termination of the project. This research aims to develop a model to estimate the cost of late payments at an early 

stage. Real data from Egypt, Saudi Arabia, UAE, and Qatar were collected to obtain this aim. An artificial neural network with a multilayer 

perceptron was used for analyzing the data. The inputs for the proposed model were the contract value, the delayed payment duration, the 

type of client, the location, and the total project duration whereas the output was the cost of late payments. The proposed model was 

contained one hidden layer with four neurons. The sensitivity analysis of the input variables was performed to estimate the importance value 

of each variable. Regression analysis was used to predict a simple equation for estimating the cost of late payment. the results show that 

the artificial neural network model is more accurate than the regression analysis. This research can help the contract managers and the 

arbitrators in determining the appropriate compensation value for the contractor due to late payments. 

Index Terms— late payment; consequent compensation, artificial neural networks, regression analysis; construction issue, contract 

conditions.   

——————————      —————————— 

1 INTRODUCTION                                                                     

ayment is the main source of construction work where 

the completion of any activity depends on the continu-

ity of the flow of funds without interruption. Unfortu-

nately, there is often an interruption of fund flow. In re-

cent years, most disputes in construction projects have 

been concentrated on a single issue which is the delay in 

paying contractors' invoices, especially in developing coun-

tries. Approximately 26% of total disputes are related to 

payment issues in Australia, whereas, in New Zealand, the 

disputes relating to payment between the contracting par-

ties were 80% of all cases, and the contractors rarely re-

cover their full payment [1]. 

The conditions of payment, according to the national 

law, consider that the contractors are the weak party and 

do not take into consideration the profitable situation of 

the contractor to reduce disputes in the future. Ignoring 

repayment terms in different contracts harms projects, 

starting from delays in project delivery to complete termi-

nation of the project. Subcontractors in the construction 

industry make between 80 and 90% of direct work in the 

project. Where the flow of payments from the owner to 

the main contractor and then to the various subcontrac-

tors, so any delay in payments to the main contractor will 

delay payments to the subcontractors which leads to a de-

lay in the project [2]. Despite contractual obligations to 

pay in an efficient and timely manner, there are still many 

payment problems plaguing the construction sector [3]. In 

the UK, the late payments doubled from $ 26 billion in 

2008 to $ 50.6 billion in 2012 [4], which indicates a signifi-

cant change in the amounts due to contractors and the 

need to estimate the contractual compensation for late 

payment problems. 

Usually, a clause is written into contracts stating that if 

the contractor delays the contractor’s payments, the pro-

ject’s duration extends by the same amount of delaying 

payments, but the contractor’s compensation cost has not 

been identified in the prior studies. This study aims to de-

velop a model using artificial neural networks (ANNs) to 

estimate the cost of late payment based on the analytical 

data of real cases. 

2 LITERATURE REVIEW 

There is a consensus among researchers over the world 

that, delaying payments leads to delay of the project and 
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cost overrun. For example, Mansfield et al. (1994) in Nige-

ria [5], Frimpong et al. (2003) in Ghana [6], Kaliba et al. 

(2009) in Zambia [7], Odeh and Battaineh (2002) in Jordan 

[8], Kikwasi (2012) in Tanzania [9], Fallahnejad in Iran 

(2013) [10], Shehu et al. (2014) in Malaysia [11], Abd El-

Razek et al. (2008) [12] and Taha et al. (2016) in Egypt [13], 

and Seddeeq et al. (2019) in Saudi Arab [14]. 

Assaf and Al-Hejji (2006) found that 59% of all construc-

tion projects in Saudi Arabia suffered from delay [15]. De-

lay in construction projects is one of the most common is-

sues that could affect the competitiveness of construction 

companies [16]. Delay has a great effect on the interests of 

all stakeholders; owners, designers, general contractors, 

subcontractors, users, and others [17]. 

Claims related to payment constitute the basis for a sig-

nificant number of disputes [18]. The late payments have 

negative consequences not only for the construction in-

dustry but also for the wider economy, where contractors 

should provide more funding for their offers. Moreover, 

late payments lead to higher construction costs and lower 

employment opportunities, reduction in productivity, and 

erosion of competition standards in the construction in-

dustry. The cash flow of the contractor is negatively af-

fected by delays in the approval of invoices, settlement of 

payments, settlement of cost claims and the release of the 

values of retention [19]. 

Yang and Wei (2010) analyzed 18 studies and deter-

mined that there are 31 causes for the delay. The financial 

problem of the owner is one of the most important rea-

sons [20]. Khoshgoftar et al. (2010) indicated that the key 

reasons for the delay in construction projects are the delay 

in payments of completed work, contract management, 

lack of communication between the parties, improper 

planning, and the site management [21]. 

Abdul Rahman et al. (2014) found after conducting 

1,000 surveys with a group of registered third- to seventh-

degree contractors in Malaysia that the owner's cash flow 

problems factor was the main cause of the delay in pay-

ment [22]. Marzouk & El-Rasas (2014) indicated that the fi-

nance and payments of completed work by the owner fac-

tor is the most important factor that causes a delay in the 

construction project in Egypt [23]. 

The lack of agreement on the evaluation of the work 

performed, which leads to delayed issuance of perfor-

mance certificates, poor financial management of the 

owner, and non-compliance with contractual provisions in 

the payment are the most important factors causing late 

payment [24]. The main causes of delay in Indian projects 

are the delay in settlement of contractor claims by the 

owner, contractor’s financial difficulties, delay in payment 

for variation orders, and late payment [25]. 

Many disputes were occurred due to late payment / 

non-payment, especially when the main contractor con-

tracts by the way of conditional payment with suppliers or 

subcontractors where the risk of payment is transferred 

from the main contractor to subcontractors or suppliers. 

Since there is no contractual relationship between suppli-

ers/ subcontractors and the employers, the delay in pay-

ment / non-payment threatens both cash flow and work 

performance [26]. The performance of the contractor and 

the progress rate are largely affected by delays in settle-

ment of claims and payments, approval of invoices and re-

lease of retained values. Although payment terms have 

been specified in the contracts, payment problems remain 

due to poor contract management [25]. 

Kadry et al. (2016) suggested a hybrid model using 

quantitative data from analysis of the delay in six projects 

and qualitative data based on interviews with several ex-

perts. The hybrid model can be used to predict the main 

causes of delays in a highly politically risky country[27]. 

Aziz (2013) identified 99 factors that affecting the delay 

in construction projects, using a questionnaire survey and 

found that the most important factor is the delay in pro-

gress payments. An approximation equation for real-time 

construction prediction was suggested by knowing the to-

tal planned project duration, the project delay factor, the 

relative importance index for each category, and the per-

centage of the impact of each category [28]. 

3 RESEARCH METHODOLOGY 

This study aims to estimate the cost of delaying pay-

ment in residential buildings in developing countries. The 

methodology of this research consists of three parts. The 

first part relates to determining the critical factors that in-

fluence the estimation of the cost of compensation due to 
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late payment in the early stage, a comprehensive litera-

ture review was conducted to define a preliminary list of 

the critical factors that influence the estimation of the cost 

of late payments. Using the Delphi technique, a consensus 

was reached among experts on the final list of factors that 

influence the cost of compensation for late payments. 

Data on these factors, as well as the cost of late payment, 

were collected by reviewing actual cases. ANOVA test was 

applied to discuss the difference in average individual data 

according to the type of client or project location. The sec-

ond part of the study concerns the development of a 

model using the artificial neural network to estimate the 

cost of late payment based on the data collected by chang-

ing the number of hidden layers and the activation func-

tion. Sensitivity analysis was used to determine the nor-

malized importance of each factor. The third part relates 

to developing a simplified model using regression analysis 

to predict the cost of delaying payments using regression 

analysis. 

4 FACTORS AFFECTING THE COST OF DELAY 

Five experts with a minimum of 15 years of experience 

in cost compensation claims were selected from 5 con-

struction companies operating in Egypt. Delphi technique 

was chosen to reach consensus among the experts on the 

most important factors affecting the cost of compensation 

due to late payment at an early stage. 

The first round relates to an open questionnaire on the 

most important factors affecting the estimated cost of late 

payments. The authors summarized the response and re-

submitted it to the same experts as the second round to 

verify whether these factors could be identified in the 

early stage or not. The third round was concerned with 

one question whether these factors could determine the 

cost of late payment without any other factors or not. Ex-

pert consensus was reached after three rounds. 

This research is concerned with the cost of late pay-

ments on residential projects, so the type of project is the 

same in all cases, and therefore the type of project is not 

considered one of the factors affecting the cost of late 

payments. The interest rate during the late payment pe-

riod and the timing of late payment at the beginning, mid-

dle, or end of the project cannot be determined at the 

early stage. Hence, the types of projects, the interest rate 

during the late payment period, and the timing of late pay-

ment at the beginning, middle, or end of the project were 

excluded from the final list of factors. The final factors 

were the type of client, location, the contract value, de-

layed payment duration, and the total project duration. 

5 THE PROPOSED MODEL USING ANN 

The inputs of the proposed model were the type of cli-

ent, location, the contract value, delayed payment dura-

tion, and the total project duration. The factor of the type 

of client was classified into two categories; the public sec-

tor and the private sector, whereas the location factor was 

classified into two categories; Egypt and others. The fre-

quencies of each category were shown in Table (1). 

TABLE 1 

The frequencies of each category 

 Location Type of client 
 Egypt Others Public Private 

No. 26 5 22 9 
% 84 16 71 29 

Hence, the factors of the type of client and the location 

were considered input factors, whereas the contract value, 

delayed payment duration, and the total project duration 

were considered input covariates. The cost of late pay-

ment was considered the output variable. An artificial neu-

ral network with a multilayer perceptron was used for de-

veloping the model. The authors conditioned that the ac-

cepted model should have a relative error in both training 

and testing phases of less than 0.2. By using the trial and 

error method, with different activation functions and dif-

ferent hidden layers, twenty models were developed. The 
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selected ANN model is the model that has a minimum rela-

tive error in both training and testing phases. 26 cases 

were used for training the network and 5 cases were sepa-

rated for testing the network. The proposed model con-

tained one hidden layer with four neurons and the hyper-

bolic tangent was selected as the activation function for 

the hidden layer. Figure (1) shows the structure of the pro-

posed ANN model. 

Fig. 1. The structure of the proposed model 

In the proposed ANN model, the sum of square error in 

the training phase was 0.717 and the relative error was 

5.7%, while in the testing phase, the sum of square error 

was 0.085 and the relative error was 19.7%. Figure (2) 

shows the relationship between the observed cost of de-

laying payment and the predicted value. The value of R 

squared equals 94% which indicated that the model can fit 

94% from all cases. 

The most impact factor was the contract value which has 

an importance value of 0.626 following by the duration of 

late payment factor with an importance value of 0.124. Ta-

ble (2) shows the independence variable important and 

the normalized importance for all input factors. 

Fig. 2. The predicted by the observed chart 

TABLE 2 

The Independent Variable Importance 

Factor Importance Normalized 
importance 

Type of client 0.029 4.6% 
Location 0.118 18.9% 
Contract value 0.626 100% 
Contract duration 0.103 16.5% 
Duration of delay pay-
ment 

0.124 19.8% 

6 THE COST OF DELAYING PAYMENTS USING 

REGRESSION ANALYSIS 

Based on the results of the sensitivity analysis, the cost 

of late payment can be estimated depending on the delay 

of the payment duration, the total project duration, and 

the total contract value. The delay ratio (DR) can be calcu-

lated using equation (1) and the cost ratio (CR) can be cal-

culated using equation (2). 

𝐷𝑅 = 𝐷𝑃 𝑇𝐷⁄   (1) 

𝐶𝑅 = 𝐶𝐷 𝐶𝑉⁄   (2) 

Where “CD” represents the cost of late payment, “DP” 

represents the duration of the late payments, “TD” repre-

sents the total project duration, “CV” represents the con-

tract value. 

A mathematical linear equation derived from the real 

data was extracted to deduce the cost of delaying the pay-

ment based on the ratio of the delay of the payment dura-

tion for the total project duration and the total contract 
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value as shown from the equation (3). The relationship be-

tween the delay ratio (DR) and the cost ratio was illus-

trated in Figure (3). 

𝐶𝑅 = 0.166 ∗ 𝐷𝑅  (3)  

Fig. 3: The delay ratio & the cost ratio 

7 DISCUSSION 

The analysis of variance (ANOVA) test was performed to 

discuss the difference in the average data of individuals ac-

cording to the type of client. There is two Hypothesis. The 

null Hypothesis, which indicates that there were no differ-

ences between the average data according to the type of 

client. The alternative Hypothesis, which indicates that 

there are differences between the average data according 

to the type of client. By comparing the means by ANOVA 

test on the contract value, contract duration, delay in 

time, and delayed cost impact, the significant values were 

0.948, 0.635, 0.449 and 0.763 which were more than 0.05. 

Hence the null hypothesis was accepted, which means 

there are no differences between the mean data based on 

the type of client. Whereas, the difference in the average 

data of individuals according to the location of the project, 

the significant values were 0.931, 0.725, 0.887 and 0.955 

which were more than 0.05. Hence the null hypothesis was 

accepted, which means there are no differences between 

the mean data based on the location of the project. Hence, 

the sample represents any of the Arabian countries. 

The sensitivity analysis of the input variables indicated 

that the most significant factors were the contract value 

and the delayed payment period, while the location, the 

type of customer and the total duration of the project 

were the least important factors. These results are logical 

since the cost of delayed payment is a percentage of the 

contract value and affected by the duration of delaying 

payments. 

R squared of the regression model is 0.513, which 

means that half of the observed variance can be explained 

by the inputs of the model while the R squared for the 

model derived from artificial neural networks is 0.94. 

Hence, the proposed ANN model is more accurate than 

the approximate equation extracted from the regression 

model. 

8 CONCLUSION 

Almost all residential projects suffer from delays in the 

completion of the project. One of the most important rea-

sons for delays is delaying the payment of the contractor's 

invoices, which may lead to the weak performance of the 

project or termination of the project. Although numerous 

researches studied the causes and effects of delays, there 

is a lack of research that determines the amount of the 

contractor's compensation due to the owner's delaying 

payment. Therefore, this study aims to develop a model 

for estimating the cost of delaying the payment. 

By using a Delphi technique to reach consensus among 

experts, five factors affecting the cost of late payment 

were identified. These factors were the total contract 

value, the period of delaying payment, total project dura-

tion, location, and client type. Data were collected from 31 

residential projects from Egypt, UAE, Qatar, and Saudi 

Arab. ANOVA analysis results show no discrepancy in the 

data depending on the location or the client type. Conse-

quently, such data could be considered as representative 

of any Arab country. 

After one hundred trails, 0nly 20 models were accepted. 

The ANN proposed model is the model that has the mini-

mum relative error in both training and testing phases. The 

proposed model for predicting the cost of delaying pay-

ments using ANN which consists of five units of the inputs, 

one hidden layer containing four neurons and one output. 

The relative error was 5.7% in the training phase, while in 

the testing phase the relative error was 19.7%. The con-

tract value was the most impact factor in the cost of late 

payment and the duration of the delayed payment factor 
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was ranked second. To calculate the cost of delaying pay-

ment in an easier method, the regression was used to de-

rive an approximate equation to estimate the cost of de-

laying payments by knowing the duration of delaying pay-

ment duration, the total duration of the project and the 

total value of the contract. 

9 LIMITATION OF RESEARCH 

The proposed model is suitable for residential buildings 

that were built between 2105 and 2019 in Arabian coun-

tries such as Egypt, UAE, Qatar, and Saudi Arab on condi-

tion that the duration of the late payment is less than the 

original total project duration. 

The author collected data from 31 residential projects. 

The type of client, location, the contract value, delayed 

payment duration, the total project duration and the cost 

of delayed payment were recorded for each case. The 

sample size of the unlimited population can be determined 

using equation (4). 

𝐶 = √(
𝑍²∗𝑝∗ (1−𝑝)

𝑆𝑆
  (4) 

Where; C is the confidence interval expressed as a deci-

mal, Z is 1.96 according to the 95% confidence level, p is 

percentage picking a choice expressed as a decimal which 

is chosen 0.5, and SS is the sample size, which was 31 in 

this research. From equation (4) the confidence interval 

was 0.176. 
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