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ABSTRACT.  Optimisation in structural designing has become indispensable with the ever-

increasing cost of building materials, but maintaining the economy of a structural design is a 

tough row to hoe. The present research work has been carried out to generate minimum cost 

design of RC beams. Various softwares like SAP2000, MS-Excel and MATLAB have been 

integrated for the purpose of automation, while using their individual strengths for getting 

faster results. The versatility lies in the fact that the beam models that are optimised come 

from SAP2000, which is widely used by structural designers. The technique implied for 

optimisation is Improved Ray Optimisation (IRO) which is a meta-heuristic technique based 

on Fermat’s principle. The effectiveness of this technique has been verified by considering 

various beam models that are actually part of a larger RC frame model. The results obtained 

thereby are found to be motivating. Further, the reinforcement details are also reported 

corresponding to optimum beam designs. 
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INTRODUCTION 
 

Optimising cost of concrete structures using different approaches and techniques have been 

going on from long time but till date structures that are optimised in field are based on 

accumulated wisdom of the structural designer. In the research, optimisation has been applied 

on beams present in a RC frame. The technique adopted to carry out optimisation is a 

recently developed meta-heuristic technique called Improved Ray Optimisation (IRO). The 

objective function of the cost optimisation algorithm takes into consideration the cost of 

concrete, cost of steel and cost of formwork for beams. The optimisation program has been 

developed using three software applications, SAP2000, EXCEL and MATLAB. The purpose 

of behind using these applications is to achieve automation so that the optimisation can take 

place swiftly and it requires least input from the user. An important aspect has been covered 

while preparing this optimisation program that the cost minimized by the program doesn’t 

compromises with the safety of a structure. 

 

The RC structure that user needs to optimise shall be modeled in SAP2000 software. The 

analysis result of the structure is extracted from the software using a macro written in the 

EXCEL application. The EXCEL file created is utilized by MATLAB to perform 

optimisation and design calculations. The number of analysis to be performed by 

optimisation program, i.e. number of agents and number of iterations, is to be entered by the 

user. The user has an access to control the sizes of the optimised sections because the search 

space in which the optimisation algorithm finds its optimal solution is entered by the user. 

The design code followed during optimisation of beams is IS 456:2000. Both type of 

rectangular beams, singly as well as doubly are optimised. The optimisation program after 

completing the optimisation on beams declares the optimum sizes for the sections that if 

replaced with original sections will reduce the cost. 

 

Among various RC frames optimised during the research, a case study of a 3 storey RC frame 

from a literature published by A. Kaveh and O. Sabzi [11] has been discussed here. The 

sections of the beams used in the literature are fed into the optimisation algorithm and 

optimised sections are obtained. A comparative study is conducted on the cost of beams 

coming from the literature versus that from optimisation algorithm. 

 

 

OPTIMISATION TECHNIQUE 
 

Improved Ray Optimisation technique applied is the present study is a meta-heuristic 

technique developed by A. Kaveh et al. [9]. It is an improved version of a technique called 

Ray Optimisation (RO) technique [10]. The principle behind both the techniques is same, 

Fermat’s Principle of light rays. IRO is better than the RO in two aspects. Firstly, RO can’t 

handle more three variables at a time, though it can handle any number of variables but the 

variables need to be break into the set of three or two variables. For example, if an objective 

function is dependent on five variables then, for finding optimal solution, the function needs 

to break-up in such a way that at a time it depends on two variables or at the most three 

variables. Therefore, in this example, it is broken into set of three and two variables. The 

results of the objective functions are linked together to obtain optimal solution for the main 

objective. But, there is no such breaking and joining process in IRO method. It doesn’t need 

to break the variables and can handle all at a time. Secondly, IRO can search ‘n’- dimensional 

space which RO cannot and thus, gives more accurate results than RO. The working of IRO 

based algorithm is shown in Figure 1. 



 

 
 

Figure 1   Flow-chart showing the working of IRO 

 

 

CASE STUDY  
 

A 3-storey RC Frame is taken from a literature published by Kaveh A. et al. [12] modeled in 

SAP2000. The geometrical dimensions and section properties assigned are given in the 

following figures.  

 

 
 

Figure 2   Dimensions of 3-Storey Frame 

 



 

 
 

Figure 3   Section Properties of 3-Storey Frame 

 

 

 
 

Figure 4   Member Numbers of 3-Storey Frame 

 

 

 The loads are applied in the same manner on the RC frame as given in literature. A 

uniform dead load of 16.5 kN/m and uniform live load of 7.2 kN/m is acting on all the 

beams. The load combinations used for analysis purpose are as per ACI. The strength 

of concrete and steel provided are as cited in the literature.  The sections of beams and 

columns used by the literature are shown in  

Table 1   Dimensions of Sections for 3-Storey Frame 

Table 1. The costs of different quantities involved are considered as given in literature, i.e. 

 

 Cost of Concrete = 54 $/m3 (₹ 3500 per m3) where, 1$ = ₹ 65 

 Cost of Steel = 0.55 $/kg (₹ 35.75 per kg) 

 Cost of Formwork (For Beams) = 50.5 $/m2 (₹ 3283 per m2) 

Table 1   Dimensions of Sections for 3-Storey Frame 

 

S.No. Section Name Depth D (mm) Width b (mm) 

1 R1 500 300 

2 R2 350 350 



 

3 R3 300 300 

 

 

RESULTS AND DISCUSSION 

 
The optimal sections reported by the optimisation program corresponding to the minimum 

cost are mentioned and compared with the literature in Table 2 and  

Table 3. 
 

Table 2   Comparison of Optimised Sections with STAAD and literature for 3-Storey Frame 

 

Section Name 

Kaveh (2012) Present Study 

Depth x Width Depth x Width 

in mm in mm 

R1 500 x 300 450 x 270 

R2 350 x 350 350 x 325 

R3 300 x 300 275 x 275 

Total Cost ($) 6505 6053 

 

The minimum cost reported by the IRO technique is $ 6053. It may be noted that the cost of 

the 3-storey RC frame is decreased by 7 % when compared with Kaveh A. et al. literature’s 

cost. The number of analysis performed by the optimisation algorithm to find minimum cost 

is 50. The detailing given the optimisation program is for three sections in a beam, i.e. Left, 

Middle and Right section.  

 

 

Table 3   Comparison of detailing of beams with literature for 3-Storey Frame 

 

Member 
STAAD IRO 

Dxb (mm) Rebars (Number-Diameter) Dxb (mm) Rebars (Number-Diameter) 

   Left Centre Right  Left Centre Right 

111 500 x 300 3-25 2-25 4-25 450 x 270 5-20 2-20 5-20 + 2-16 

   2-25 3-25 3-25  2-16 3-16 + 4-12 4-16 

112 500 x 300 6-20 2-20 6-20 450 x 270 5-20 + 2-16 2-20 5-20 + 2-16 

   3-12 7-12 3-12  4-16 2-16 + 5-12 4-16 

113 500 x 300 4-25 2-25 3-25 450 x 270 5-20 + 2-16 2-20 5-20 

   3-25 3-25 2-25  4-16 3-16 + 4-12 2-16 

121 500 x 300 5-20 2-20 6-20 450 x 270 5-16 + 5-12 2-16 9-16 

   3-12 8-12 3-12  3-12 9-12 6-12 

122 500 x 300 9-16 2-16 9-16 450 x 270 9-16 2-16 9-16 

   3-12 7-12 3-12  6-12 8-12 6-12 

123 500 x 300 6-20 2-20 5-20 450 x 270 9-16 2-16 5-16 + 5-12 

   3-12 8-12 3-12  6-12 9-12 3-12 

131 500 x 300 3-25 2-25 4-25 450 x 270 4-20 2-20 3-20 + 6-16 

   3-12 10-12 3-12  2-16 3-16 + 6-12 4-16 



 

132 500 x 300 6-20 2-20 6-20 450 x 270 3-20 + 6-16 2-20 3-20 + 6-16 

   3-12 7-12 3-12  4-16 3-16 + 2-12 4-16 

133 500 x 300 4-25 2-25 3-25 450 x 270 3-20 + 6-16 2-20 4-20 

    3-12 10-12 3-12   4-16 3-16 + 6-12 2-16 

CONCLUSION 
 

The optimisation program developed shows that Improved Ray Optimisation technique is a 

successful technique in terms of its ability in optimising (minimising) the cost of beams 

present in RC frame. The cost of the beams is reduced by 8% for a small structure shows that 

great savings can be made when this optimisation technique is applied on bigger structures. 

The detailing provided by the optimisation program is continuous for continuous beams. 
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