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ABSTRACT 
Tertiary institutions in Nigeria are usually faced 

with the problem of completing building projects within the 

scheduled durations and budgeted costs. In this study, 8 

building construction projects completed in the Federal 

Polytechnic of Oil and Gas were analysed between the 

years 2014 and 2023. A non-linear regression time-cost 

model was developed based on the Bromilow’s Time-Cost 

(BTC) model. The results show that it would take 1858.3 

working days to complete the construction of a building in 

a Nigerian tertiary institution for every one million 

Australian Dollars. Predictions were made for construction 

durations and construction costs with the formulated 

model. The model was found to be adequate and fit, with an 

R2 value of 0.8218. This also indicates that the BTC model 

applies to tertiary institution building construction projects 

in Nigeria. 

 

Keywords— Bonny, Bromilow, Buildings, Tertiary 

Institutions, Time-Cost Model 

 

 

I.   INTRODUCTION 
 

It is common knowledge that time, cost, and 

quality are the most important performance measurement 

tools in construction projects. Most times, the cost and 

time are of more critical interest [1], [2], [3] than any 

other tool. In the same thinking, several studies [4], [5], 

[6] have been done on the time, cost, and quality 

performances of construction projects in Nigeria. All of 

these were in line with addressing the issues of delays 

and cost overruns in construction projects.  

The town, Bonny is a major Island where oil 

and gas activities take place in Nigeria. It is located in 

Rivers State, near the Atlantic Ocean. It is one of the 

highest revenue-generating communities in Nigeria. The 

town is located in the Niger Delta region of the south-

south geo-political zone of Nigeria. The Island also has a 

rich social and cultural heritage. It is also the location of 

notable establishments such as the Nigerian Liquified 

Natural Gas (NLNG), and the Federal Polytechnic of Oil 

and Gas. For these reasons, several people travel from 

different parts of Nigeria and the world to study, work, 

live, and do business in Bonny.  

The Federal Polytechnic of Oil and Gas, Bonny, 

was established in 2013 to enable adequate formal and  

 

 

academic training of persons to man the high demand for 

skilled labour in the oil-rich Island. It is a small 

Polytechnic that is gradually growing in terms of 

personnel and infrastructure. To this note, several 

buildings have been constructed to satisfy the required 

status of a world-class Polytechnic.  

Cash flow from the clients, weather, budgets, 

procurement methods, favouritism, nepotism, and 

inflation are some of the likely causes of cost overruns 

and delays in construction projects in Nigeria. Recently,  

[7] researched time and cost for building construction 

projects in the city of Port Harcourt. There is however 

limited research on quality, time, and cost performances 

related to construction in tertiary institutions in Nigeria. 

This research aims to solve the problem of delays and 

cost overruns in the construction of buildings in tertiary 

institutions, by arming the researcher or construction 

practitioner with a model that can predict completion 

times and contract sums. The Bromilow’s Time-Cost 

(BTC) model was adopted for this study. 

The study of cost overruns and delays in 

construction projects has seen several dimensions, some 

of which have resulted in mathematical models. Most of 

such models were regression models. [8] was the first 

researcher to study construction performance in terms of 

time and cost, leading to mathematical modelling. His 

study was performed on 303 building construction 

projects completed in Australia between the years 1964 

and 1967. He eventually developed a non-linear power 

regression model in eq. (1), widely referred to as the 

Bromilow’s Time-Cost model (BTC). He also generated 

the curve in 

Figure 1: from the same study. 
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Figure 1: Project Cost vs Construction Time [8] 

               (1) 

Where T = the time or duration of project in 

working days 

C = the Cost of the project per million 

Australian dollar, adjusted to constant labour and 

material prices 

K = a constant of the project time performance 

B = a constant of the sensitivity of the time 

performance to cost level.  

In that study, [8] analysed the regression model 

and arrived at K and B to be 211 and 0.3 respectively. 

Several other researchers have since developed similar 

values of K and B as shown in Table 1. [8] also 

discovered that the project duration is highly correlated 

with the size of project in terms of cost. Several other 

researches [5], [7], [9], [10], [11], [12], [13], [14], [15], 

[16] have affirmed this fact. However, some researchers 

have criticized the Bromilow’s time-cost model in 

several aspects. For instance, [9], [10] argued that when 

the model is in a linear form, ‘ln K’ in eq. (3) has little or 

no predictive ability, and should therefore be excluded in 

the model. 

                        (2) 

                

                       (3) 

Hence, [9], [10] modified the model to eq. (4) 

thus: 

                  (4) 

[9] also found from their study that there was no 

significant difference between public and private sector 

buildings. They however arrived at a model for non-

industrial buildings (which included residential and 

educational buildings) and another for industrial 

buildings using the BTC approach. A similar study 

conducted by [12] showed that the BTC model is not 

applicable to Ghanaian building construction projects as 

indicated by its R
2
 values of 0.684, 0.463, 0.399, and 

0.378 for buildings of office, classroom, residential, and 

combined data respectively. Similarly, [14] affirmed that 

the BTC model is not applicable to buildings in Nigeria, 

as indicated by its weak R
2
 value of 0.205. They rather 

suggested the use of piecewise model, which gave an R
2
 

value of 0.765. In a similar study carried out by [5] the 

BTC model was found to be not practicable in road 

construction projects in Nigerian, as it indicates a weak 

predictive ability with Mean Absolute Percentage Error 

(MAPE) of 19%, and an R
2
 value of 0.549. However, 

[11] affirmed the various versions of the calibration of 

the BTC model, stating that the criticisms from [9], [10] 

are based on Australian data, but are inconsistent with 

literature and their own research work. Similarly, [13] 

also affirmed the applicability of the BTC model to 

residential buildings in Slovakia, as it resulted in an R
2
 

value of 0.808 and a MAPE of 12.3%, which indicates a 

strong predictive ability. A recent study by [7] also 

affirm and confirm the efficacy of the BTC model when 

applied to residential buildings in Port Harcourt, Nigeria.

 

Table 1: K and B values from different studies 

Researcher Country 
Sector of 

construction 
Type Model K B 

[8] Australia 

Public Building T = 211C
0.3

 211 0.3 

Private Building T = 156C
0.3

 156 0.3 

Overall Building T = 177C
0.3

 177 0.3 

[9] Australia 

Public Building T = 129C
0.32

 129 0.32 

Private Building T = 132C
0.3

 132 0.3 

Overall Building T = 131C
0.31

 131 0.31 

[16]  Vietnam 

Public Building T = 98.1C
0.343

 98.1 0.343 

Private Building T = 87.2C
0.348

 87.2 0.348 

Overall Building T = 93.6C
0.338

 93.6 0.338 

[5] Nigeria Public Highway T = 2.8C
0.5352

 2.8 0.5352 

[12] Ghana 

Office Building T = 344.586C
0.684

 344.586 0.684 

Residential Building T = 512.28C
0.463

 512.28 0.463 

Classroom Building T = 2.807C
0.399

 2.807 0.399 

Combined Building T = 3.17C
0.378

 3.17 0.378 

[15] Poland Public Highway T = 3.342C
0.4649

 3.342 0.4649 

[14] Nigeria Private Building T = 63C
0.262

 63 0.262 

[7] Nigeria Private Building T = 2289.2C
0.624

 22289.2 0.624 

  
𝑙𝑛 

𝑙𝑛 
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Since 1969 when Bromilow first developed the 

time-cost model, several other mathematical models 

have emerged and proven to be effective. Some are 

based on the BTC model, while others are based on other 

mathematical concepts [16], [17], [18], [19], [20], [21]. 

[15] proved that the logarithm linear form of the BTC in 

eq. (3) is the most efficient time-cost model for the 

construction industry in Poland as compared to two other 

time-cost models. [18] recently conducted a study on 

sustainable and conventional university buildings in 

North America, using a multiple linear regression (MLR) 

model. The model was found to be adequate and fit 

based on its R2 value of 0.874 and its t-test and F-test 

indicating no significant difference between the actual 

and predicted costs of construction. Similarly, [22] also 

predicted the cost of construction of communication 

towers in Iraq, using the MLR model, resulting in 0.984 

and 9.891% as the R2 value and Mean Average 

Percentage Error (MAPE) respectively, which indicates 

the model to be fit. [19] developed some models which 

showed that, among the models developed, the MLR 

model gave a better R2 value of 99.44%, compared to 

90.9%, 96.94%, and 86.14% for the Artificial Neural 

Network (ANN), Trend line, and Factor based models 

respectively. In another study, [23] confirmed that the 

Support Vector Machine (SVM) model resulted in a 

more accurate prediction than the MLR and BTC 

models. 

 

II. METHODOLOGY 
 

The study was conducted by collecting data 

consisting of construction projects executed by the 

physical planning unit of the Federal Polytechnic of Oil 

and Gas, Bonny. The data spans between projects 

commencing from the years 2014 and 2020. This came 

to a total of eight completed projects between 2014 and 

2023. From eq. (1), the BTC model was developed. The 

model predicted results were tested, using a two-tailed 

statistical t-test. 

 

III. RESULTS AND DISCUSSIONS 

 

The data in Table 2 show the durations and cost 

of each of the eight projects. 

 

 

Table 2: Details of Costs and Durations of Construction Projects 

S/N Title Of Project 
Approved Costs 

(₦) 

Costs 

(Aus$1,000,000) 

Durations 

(Days) 

1 
Construction Of School of Applied 

Sciences Lecture Theatre 
226,998,500.00 0.247 999 

2 
Construction of School of 

Engineering Lecture Theatre 
227,100,120.75 0.247 923 

3 Construction of Polytechnic Library 227,120,000.00 0.247 956 

4 
Construction of one Storey School 

of Engineering Academic Building  
179,861,867.38 0.196 776 

5 
Construction of One Storey Offices 

for School of Engineering  
166,360,203.85 0.181 889 

6 

Construction of One Storey School 

of Applied Sciences Academic 

Building  

179,861,867.38 0.196 876 

7 
Construction of One Storey Offices 

for School of Applied Sciences  
166,266,213.38 0.181 768 

8 
Construction of Administrative 

Building 
330,336,424.28 0.360 1123 

 

From the data in Table 2, the Bromilow’s Time-

Cost model for building construction projects in the 

Federal Polytechnic of Oil and Gas, Bonny, was 

developed using Microsoft Excel, as presented in eq. (5). 

It is also shown in its graphical form in Fig. 2. The  Aus$ 

as at February 2024 was ₦918.77. 

 

                  (5) 
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Figure 2: The BTC model for building Projects in Federal Polytechnic of Oil and Gas 

The formulated model was used to predict the 

costs and durations for the projects as shown in Table 3 

with an R
2
 of 0.8218. 

Table 3: Details of Costs and Durations of Building Projects 

S/N TITLE OF PROJECT 

ACTUAL 

COSTS 

(Aus$1,000,000) 

PREDICTED 

COSTS 

(Aus$1,000,000) 

ACTUAL 

DURATIONS 

(DAYS) 

PREDICTED 

DURATIONS 

(DAYS) 

1 

Construction of School of 

Applied Sciences Lecture 

Theatre 

0.247 0.276 999 947 

2 
Construction of School of 

Engineering Lecture Theatre 
0.247 0.234 923 947 

3 
Construction of Polytechnic 

Library 
0.247 0.252 956 947 

4 

Construction of One Storey 

School of Engineering 

Academic Building  

0.196 0.163 776 847 

5 

Construction of One Storey 

Offices for School of 

Engineering  

0.181 0.217 889 815 

6 

Construction of One Storey 

School of Applied Sciences 

Academic Building  

0.196 0.210 876 847 

7 

Construction of One Storey 

Offices for School of Applied 

Sciences  

0.181 0.160 768 815 

8 
Construction of Administrative 

Building 
0.360 0.352 1123 1135 

Table 4 shows the two-tailed student t-test 

results for the actual and predicted durations and costs. 

The results indicate that the model is adequate and fit. 
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Table 4: Details of Costs and Durations of Building Projects 

t-Test: Paired Two Sample for Means t-Test: Paired Two Sample for Means 

  Tactual Tpredicted   Cactual Cpredicted 

Mean 913.75 912.65 Mean 0.2318 0.2329 

Variance 13597.07 11526.42 Variance 0.00354 0.00390 

Observations 8 8 Observations 8 8 

Hypothesized Mean Difference 0 Hypothesized Mean Difference 0 

df 7 df 7 

t Stat 0.063319 t Stat -0.13238 

P(T<=t) one-tail 0.475641 P(T<=t) one-tail 0.449204 

t Critical one-tail 1.8946 t Critical one-tail 1.89458 

P(T<=t) two-tail 0.9513 P(T<=t) two-tail 0.8984 

t Critical two-tail 2.3643 t Critical two-tail 2.3643 

Correlation 
R

2
 R

2
 (adj.) 

Correlation 
R

2
 R

2
 (adj.) 

0.8218 0.7921 0.8529 0.8284 

 

IV. CONCLUSION 
 

The data obtained from the Federal Polytechnic 

of Oil and Gas in Bonny has resulted in the formulation 

of a model that is based on the Bromilow’s Time-Cost 

model. The model showed that it would take 1858.3 

working days to complete the construction of a building 

in a tertiary institution in Nigeria, for every Aus$1 

million. This is way higher than most other results 

obtained by previous researchers in other parts of the 

world. However, the said value is lower than that 

obtained by [7]. However, the BTC model in this study 

was found to be fit and adequate, as it passed the two-

tailed student t-test with an R
2
 value of 82.18%. In 

contrast with [5] and [14], the model is applicable in the 

Nigerian construction industry, especially in tertiary 

institutional buildings. The problems of cost overrun and 

delays will be well solved by the use of the model 

formulated from this study. Further studies are 

recommended to improve on the applicability of the 

model in the Nigerian construction industry. 
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