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ABSTRACT 
Reinforced concrete is one of the world’s major types of structural 
frames. In Nigeria, it is by far the most popular. There have been 
growing concerns over the cost of reinforced concrete structures; both 
financially, and to the environment. By all accounts, it is desirable to 
reduce the use of material, wherever possible. Steel is the major 
structural component of reinforced concrete, so it is especially 
important to scrutinise its use. Recognising that construction practices 
vary widely, a case study of a typical building structure in Abuja, 
Nigeria, has been carried out. The structural calculations and drawings 
of the as-built structure were obtained and subjected to scrutiny. With 
the aid of the software, Protastructures 2018, it was found that up to 
29% of the steel could be saved with a slightly modified design. The 
key savings were in slabs, where 10mm reinforcement was found 
sufficient for most cases; and then in the link in both beams and 
columns, where 8mm links were found sufficient. It was found that 
employing extra labour for better quality control is cheaper than the 
overly conservative design practices currently widespread in Nigeria. 
Hence, there is a lot of room in Nigeria for more efficient designs, which 
could save a large amount of material, cost less, be more 
environmentally friendly, and employ more labour. 
 
INTRODUCTION 

Reinforced concrete (RC) is one of the 
most widely used structural frames in the world. Its 
annual production globally is more than 10 billion 
cubic meters [1]. RC consumes significant 
amounts of natural resources and hence 
contributes considerably to the pollution of the 
environment [2]. Concrete and steel reinforcement 
are the major constituents contributing to the total 
weight of RC structures. Therefore, attempts have 
been made internationally in the past few decades 
to optimize different kinds of RC structures and 
RC components, aiming to minimize the demand 
for concrete and steel reinforcement as 
exhaustively documented by [3]. However, 
construction is an industry where each locale has 
its distinct prevalent practices, so there is a need 
to study each locale to provide tailor-made 
solutions. Of the 348 studies reviewed in [3], not 

one of them involved a study of construction in 
Nigeria. 

The aforementioned problems are 
prevalent in Nigeria, with the problem of high 
construction costs especially becoming prominent 
[4-6]. Accompanying effects such as cost overruns 
often cause rifts between project management 
consultants, owners, and contractors [7]. At least 
part has been attributed to the improper design of 
structures. [8] explored how poor designs, 
unrealistic contract durations, lack of experience, 
inadequate planning and scheduling, poor site 
management and supervision and mistakes 
during construction as the most significant factors 
leading to construction cost overruns.  

Several studies have been made on the 
causes of high costs of construction in Nigeria, as 
by [4, 8-11] but these studies have not researched 
the technical aspects of the reinforced concrete 
design of these structures. The cost of building 
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materials in the total expenditure on housing 
constitutes about 60% [12]. This further buttresses 
the importance of a proper reinforced concrete 
design in cost savings. Our aim in this study is to 
undertake an investigation on the structural design 
of a typical building in Nigeria and look for 
structural design inefficiencies that may lead to 
high construction costs, whilst maintaining 
structural integrity. To achieve this, a case study 
of a building that has been built in Abuja, Nigeria’s 
capital, has been carried out. The structural 
design of the building is compared to a more 
optimum design, and the material cost savings are 
computed. 
 
Description of Building 

The structure under investigation is a 3-
storey (2 suspended floors) reinforced concrete 
building in Abuja, Nigeria. It has undergone all 
necessary regulatory checks, and several units of 
it have already been built. Both suspended floors 
have the same plan, which is shown in figure 2.1. 
The roof plan is shown in Figure 2.2. The structure 
is symmetrical about the middle, between axes 10 
and 11.  
 

The following are the dimensions of the structural 
elements as designed and built: 

1. 16 slab panels are 150mm thick, while 
12 panels are 175mm thick.  

2. All beams in the suspended floors are 
230 x 450 mm, as is common practice in 
Nigeria.  

3. All roof beams are 230 x 300 mm.  
4. All columns are 230 x 230 mm and floor 

to floor heights are 3m. 
 
The following were the working assumptions of the 
structural design: 

1. Permanent Floor Load = 2 kN/m2 
2. Imposed Floor Load = 1.5 kN/m2 
3. Wall Loading on all beams = 9.37 kN/m 
4. Characteristic Steel Strength, fyk = 460 

MPa 
5. Characteristic Concrete Cube Strength, 

fck = 20 MPa  
6. Slab Cover = 20mm 
7. Beam Cover = 25mm 
8. Column Cover = 25mm 

 
The British Standards were used to design the 
structure.  

 
Figure 2.1: Plan for both suspended floors of the building. All dimensions are in millimetres. 
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Figure 2.2 Roof Plan. All dimensions are in millimetres. 

 
METHODOLOGY 

Structural calculations and drawings 
were obtained for the 3-storey building described 
above. The structure was originally designed 
using the software CSC Orion 18. For the study, 
the structural layout, elemental details and loading 
conditions of the building were recreated on 

ProtaStructure 2018, a software closely 
resembling Orion 18. The model is shown in 
Figure 3.1. Structural design results for all 
elements were obtained which matched those 
obtained by the building’s original designers. After 
this, the process of trying to get a more optimum 
design was begun. 

 
Figure 3.1: A completed model of the building’s superstructure. Due to symmetry, only half of the building is 

shown. 



JOURNAL OF SCIENCE TECHNOLOGY AND EDUCATION 10(1), MARCH, 2022 
ISSN: 2277-0011; Journal homepage: www.atbuftejoste.com 

   

Corresponding author: Imran, R.   imran.rufai@bazeuniversity.edu.ng  Department of Civil Engineering, Baze University, Abuja. 
© 2022. Faculty of Technology Education. ATBU Bauchi. All rights reserved 

42 

Firstly, the Eurocode was used to 
redesign the structure. The Eurocode is known to 
be slightly more economical than the British 
Standards [13]. The steel reinforcement for all 
members was then progressively reduced until the 
most efficient amount of steel allowable by the 
Eurocode was obtained. For constructability 
purposes, these bar sizes and spaces were then 
modified to conform to best practices using [14]. 
These bar sizes and spacings are: 

1. Slabs: Minimum diameter of 10mm and 
minimum spacing of 250mm 

2. Beams: Minimum longitudinal bar 
diameter of 12mm  

3. Beams: Minimum link diameter of 8mm 
and maximum link spacing of 300mm 

4. Columns: Minimum longitudinal 
diameter of 16mm 

5. Columns: Minimum link diameter of 
8mm and maximum link spacing of 
230mm. 

 
The more efficient amounts of steel 

obtained were then compared to those of the 
original design. The total weight of steel in the 
original and modified design was then tabulated 
and compared. The working assumptions of the 
comparison are shown in Table 3.1. 

 
Table 3.1: Mass [15] and Costs of Steel Bars in Abuja1 

 
  
RESULTS AND DISCUSSION  
Slabs 

The results of the slab analysis and 
design are shown in Table 4.1. The original total 
amount of reinforcement used is 15.43 tonnes, but 
the more optimised result shows a total of 9.54 
tonnes. The major difference is primarily due to 
the use of 10mm bars wherever applicable in this 
study, as opposed to 12mm reinforcement used 

                                                

 

throughout the slab members as built. Figure 4.2 
shows a sample of the detailed design differences 
between the two designs. It can be seen that even 
taking the original design alone, 452 mm2 was 
provided in cases where 221 mm2 and 226 mm2 

was required. Thus, the provided area is over 
100% more than the required area, which, to say 
the least, is wasteful. 
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Table 4.1: Slab Design Results

 
 
Table 4.2: Sample detailed design differences between the original and optimised design of slab 
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Beams 
The total reinforcement used in the 

original design for beams is 9.95 tonnes, as 
opposed to 7.76 tonnes obtained in this study, as 
shown in Table 4.3. The difference in 
reinforcement is less than that obtained in slabs 
because in many cases, the reinforcement 
diameter of 16mm longitudinal reinforcement used 
in the original design was optimal. The only fairly 
consistent source of reduction in usage is shear 
links, where 8mm links at 300mm spacing are 

used in the optimised structure in all but one 
instance, while 10mm links at 200mm spacing 
were used throughout in the original structure. 
Figure 4.1 shows a sample - Beam 7 in the original 
design - of the structural design of both sets of 
design. It should be noted that even though 
300mm link spacing was calculated in the original 
design, 200mm spacing was used in the drawings 
as shown in Figure 4.2, probably as a safety 
precaution. This, however, leads to an 
unnecessarily less optimal design. 

 
Table 4.3: Beam Design Results 
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Figure 4.1: Original design (left) and more optimal design (right) of Beam 7 
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Figure 4.2: Original Provided Drawings of Beam 7 

Columns 
Savings are much less in column 

design. This is primarily due to the observance of 
the rule in [14], that the longitudinal reinforcement 
should be a minimum of 16mm. However, 

reductions in the link spacing were found, with 
10mm links at spacings of 175mm reduced to 
8mm spacing at 225mm in all cases. Table 4.4 
shows the column design results and the sample 
design is shown in Figure 4.3. 

 
Table 4.4: Column Design Results 

 
 

 
Figure 4.3: Sample optimum structural design of column 
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CONCLUSIONS AND RECOMMENDATIONS 
The analysis and computations above 

show remarkable savings from the original design. 
Table 5.1 below summarises these savings. A 
total saving of 29% was recorded for the 
superstructure, which is a considerable reduction. 
The greatest savings are from simply using 10mm 
reinforcement as longitudinal reinforcement in 

slabs, instead of 12mm. Following this is the use 
of links in beams and columns, where 8mm links 
were found sufficient at spacings of 300mm and 
230mm, instead of 10mm at 200 and 175 spacing 
respectively. The key achievement of this study is 
the observation and quantification of these simple 
issues which lead to the ballooning of costs. 

 
Table 5.1: Summary of Design Result Differences 

 
It is noted that engineers in Nigeria have 

good reasons for such extremely conservative 
designs. They include uncertainties with regards 
to actual rebar diameter, and rebar characteristic 
strength [16]. For this reason, there are caveats 
with implementing changes due to this study. 
These include: 

1. Reinforcement must be checked to 
ensure its diameter is as specified. 

2. Reinforcement to be used on-site must 
be tested to ensure its characteristic 
strength is at least as the figure 
assumed on the design. 

3. Extra care must be taken on-site to 
ensure reinforcement is correctly 
placed. 

4. Extra care must be taken on-site to 
ensure concrete mixes are of specified 
quality. 

5. Member dimensions must conform to 
those assumed on the design. 

 
All of these caveats could be reasonably 

met by the employment on-site of a single extra 
quality assurance engineer. With a site engineer’s 
average salary of ₦107,000, a month [17] for ten 
months - a conservative duration for this project - 
that still works out to a cost saving of almost 
₦3,000,000 (20%) from the reinforcement cost of 
this project. It is quite clear that a much more 
optimal design can be achieved, which is 
Eurocode compliant, cheaper, and employs more 
labour on site. It would even be faster, given that 
less material would be required. 
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