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Abstract. Generally, the initial design of reinforced concrete cross-sections are assumed by a 

designer and amount of reinforcements are calculated. Economy, which is the main goal of 

engineers, is only provided if the engineer is expert. Optimization techniques can be 

employed to find best design variable. In this study, reinforced concrete (RC) frame structures 

are optimally designed by using harmony search algorithm. The design constraints given in 

ACI-318: Building Code Requirements for Structural Concrete are taken into consideration. 

Optimum cross-sections and detailed reinforcements of a single-bay single-story frame 

structure are found for minimum material cost of the structure. The results showed that the 

proposed method is effective to find optimum design variable with minimum costs.         
 

 

1 INTRODUCTION 

In the design of reinforced concrete (RC) structures, procedure of analyses and constraints 

given in several design codes are considered by the design engineers. Cross sectional 

dimensions are assumed according to experience of the engineer and requirements 

reinforcements are calculated. The area of the reinforcements is never exactly placed in the 

corresponding section because of reinforcement bars with constant diameter sizes. Also, 

reinforcements with special sizes (reinforcements providing the exact required area) cannot be 

used because of economy in production and practice in construction. Since RC is a composite 

of steel and concrete, the cost of the design cannot be foreseen. Although several experienced 

engineers know approximate cost and economical design, prices of the concrete and steel may 

show great differences according to region of the construction. For that reason, optimization 

of RC frames is an important subject.  

Optimum design of several RC members has been proposed by several researchers. Since 
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the optimum cross sectional dimensions and reinforcements are searched for an objective 

function such as weight and cost, metaheuristic methods have been used in the proposal of 

researchers. Generally, these approaches were compared with the assumed design of the 

engineer like Coello et al. did when genetic algorithm (GA) was employed to find optimum 

design of RC beams [1]. Also, GA has been used in the development of several 

methodologies such as optimization of RC biaxial columns [2], RC frames [3-6], continuous 

beams [7], T-shaped beams [8] and several members [9]. Genetic algorithm has been also 

merged with other methods. Rath et al. used GA for the cost optimization and sequential 

quadratic programming (SQP) technique for shape optimization [10]. In the optimum design 

of continuous beams GA is employed together with simulated annealing (SA) method [11]. A 

hybrid optimization algorithm was developed by Sahab et al. for RC flat slab building. The 

developed method is the combination of GA and discretized form of the Hook and Jeeves 

method [12]. Also, a multi objective optimization approach for RC frames employing SA was 

proposed by Paya et al. [13]. For the optimum design of RC bridges, four different methods 

(heuristic methods: random walk and the descent local search, metaheuristic methods: the 

threshold accepting and the simulated annealing) were used together by Perea et al. [14]. In 

addition to total cost, minimum embedded CO2 emission was also considered in the 

optimization objective by employing SA [15] and big bang-big crunch [16]. Several 

metaheuristic algorithms have been employed in the optimum design of RC retaining walls 

[17-21]. Music inspired metaheuristic algorithm, harmony search algorithm have been used in 

production of optimization methodologies for RC continuous beams [22], RC frames [23] and 

T-shaped RC beams [24]. Also, several approaches for optimum design of RC members have 

been done in several studies [25-31].     

In this study, a single-story single-span RC frame is optimized by using an optimization 

methodology. The methodology considers ACI318 [32] design code rules detailed 

reinforcement design is done. Harmony search algorithm was employed together with 

additional random search iterations.  

2 METHODOLOGY 

Harmony search algorithm developed by Geem et al. [33] by observing musical 

performances is a metaheuristic algorithm using various disciplines including structural 

engineering [20, 22-24, 34-45].  

In methodology, RC frame is defined with boundary conditions of joints and coordinates of 

the elements. In order to search the optimum parameters, ranges for breadth (bw), height (h), 

reinforcement and shear reinforcement are defined. Loading conditions (intensity and shape) 

are defined for live (L) and dead (D) loads. The shape of the distributed load can be defined as 

equally distributed, triangular distributed or trapezium distributed. In addition to the design 

variables, design constants such as clear cover (cc), maximum aggregate diameter (Dmax), 

compressive strength of concrete ( cf  ), yield strength of steel (fy), elasticity modulus of steel 

(Es) and specific gravity of steel (γs), specific gravity of concrete (γc), cost of concrete per m
3
 

(Cc), cost of the steel per ton (Cs) are entered to the program. After the ranges and design 

constant are defined, the initial harmony memory (HM) matrix is constructed. This matrix 

contains harmony vectors (HVs). These vectors contain randomly assigned design variables 

and the number of these vectors defined with the parameter harmony memory size (HMS). 
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The cross sectional dimensions are assigned with the values which are multiple of 50 mm for 

practical construction. After the cross sectional dimension are randomized, internal forces are 

calculated according to static loads. Then, ductile behavior conditions are checked for the RC 

elements. If the ductility conditions are provided, the required reinforcement is calculated by 

using an assumed value of depth of the element. The depth of the beam is updated after 

orientation of reinforcement bars is provided. In this stage, longitudinal reinforcement bars 

are also randomized in order to find closest area to calculate. An additional random search is 

done for this randomization to find optimum values quickly and generally for all structural 

members. The program has ability to place reinforcement in two lines or in compressive 

section (for beams, columns are symmetric) if needed. If a suitable solution cannot be found 

after several iterations, the cost of the frame is assigned with penalized cost. In optimization, 

slenderness of RC columns are also considered according to ACI 318. The best suitable shear 

reinforcements are also chosen within the range. After the initial HM matrix is constructed, a 

new harmony vector is generated. Differently from classical HS approach, with a possibility 

defined with the parameter; harmony memory considering rate (HMCR), solution range of 

cross-section dimensions are updated according to best existing harmony vector with 

minimum cost. The cost of the frame is constructed for all harmony vectors and minimization 

of this cost is the objective of the optimization. This procedure is repeated for several 

iterations. 

3 NUMERICAL EXAMPLES 

The single-span single-story RC frame is given in Fig. 1 with loading conditions and 

length of the structural members. Also, the elements are numbered. The beam is loaded with 

15 kN/m dead load (D) and 5 kN/m live load (L). Design constant such as clear cover (cc), 

maximum aggregate diameter (Dmax), yield strength of steel (fy), compressive strength of 

concrete ( ), elasticity modulus of steel (Es), specific gravity of steel (γs), specific gravity of 

concrete (γc), cost of the concrete per m
3
 (Cc), cost of the steel per ton (Cs) are taken as 30 

mm, 16 mm, 420 MPa, 25 MPa, 200000 MPa, 7.86 t/m
3
, 2.5 t/m

3
, 40 $ and 400 $, 

respectively. Ranges of web width (bw), height (h), longitudinal reinforcement (ϕ) and shear 

reinforcement (ϕv) are taken between 250 mm-400 mm, 300 mm-600 mm, 16 mm-30 mm and 

8 mm-14 mm, respectively. 

The optimum results for the columns and beam are given in Table 1 and Table 2, 

respectively. The total cost of the design is 81.20 $.  

   

Table 1: Optimum results of columns  

Element Number bw (mm) h (mm) Bars in each face Shear reinforcement diameter/distance (mm) 

1-2 250 300 2Φ10+ 2Φ12 Φ8/120 
 

Table 2: Optimum results of beam 

Element Number bw (mm) h (mm) Bars in comp. section Bars in tensile 

section 

Shear reinforcement 

diameter/distance (mm) 

Joint 250 300 1Φ26+ 1Φ14+1Φ12 2Φ16 
Φ8/120 

Span 250 300 1Φ22+ 1Φ18+1Φ12 2Φ12 

cf 
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Figure 1: Single-bay single-story frame structures 

4 CONCLUSIONS 

By using proposed method, the optimum design variables can be found for the selected 

design constants and material costs. In Fig. 2, the optimum results after several iterations are 

given.     

  

Figure 2: Total cost vs. iteration number 

The first cost of the random design is 108.76 $ and this value is updated to 99.23 $. If an 

engineer design the RC frame by assuming design variables, the cost of the design may be 

108.76 $ or 99.23 $ if engineer is experienced. Thus, the optimization method is effective to 

find optimum results with cost which are up to 25% less of the conventional design. 
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