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Abstract- Over the last few years, swarm intelligence techniques such as ant colony optimization and genetic optimization 
have received considerable attention from researchers. These algorithms have been used in the solution of various 
engineering problems.  The main goal of the structural optimization is to minimize the weight of structures while satisfying 
all design requirements imposed by design codes. This study presents an Artificial Bee Colony Algorithm (ABC) technique 
for discrete optimization of truss structure. In order to demonstrate the effectiveness of algorithm, including truss structure 
was solved.  The results demonstrate that the artificial bee colony algorithm (ABC) is very effective and robust for truss 
design. 
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I. INTRODUCTION 
 
Over the last 70 years, a number of optimization 
techniques have been developed and used in the 
structural optimization [1]. These techniques can be 
divided into two groups: gradient based and direct 
search. Because there are known difficulties in the 
application of gradient based techniques in structural 
optimization problems, direct search techniques have 
gained popularity in last years [2–4].  
 
The bee-inspired optimization algorithms are based 
on either a crude imitation of their mating process or 
their foraging behav iors. The algorithms based on 
the biological process of their reproduction are 
generally used in the combinatorial optimization 
problems while algorithms based on the foraging 
behavior of honeybees are used for various types of 
optimization problems. The Bee Colony Optimization 
[5,6], Virtual Bee [7], Bee [8] and Artificial Bee 
Colony [9-12] are some of the algorithms based on 
mimicking the foraging behavior of honeybee 
swarms. Although all bee algorithms share some 
common features, they do have some different 
characteristics. 
    
The aim of this study is to minimize the weight of 
structures while satisfying all design requirements 
imposed by design codes. In this study, The Artificial 
Bee Colony algorithm is proposed to minimize the 
weight of planer steel structures. Artificial Bee 
Colony algorithm have been developed by Dervis 
Karaboa [9-10]. Sonmez [11-12] used ABC algorithm 
for space truss optimization. 
Then Değertekin [13] and Aydogdu et all., [14] used 
ABC algorithm for planer steel frame optimization. 
Sections will be choosen from LRFD[20]. In this 
study, Sap2000 is integrated into the program. C # is 
selected as the programming language. Eventually 
axial forces and deformations is calculated from 
Sap2000[15].   

II. ARTIFICIAL BEE COLONY ALGORITHM 
 
2.1. Bee Behaviour 
Honeybees like other social insects are only able to 
survive as a member of a community known as a 
colony. The colony inhabits a hive, an enclosed 
cavity. A typical bee colony contains 3 types of bees; 
a queen bee, a few thousand fertile males (called 
drones) and thousands of sterile female worker bees. 
The task of queen is to lay eggs and start new 
colonies by mating with drones. The female workers 
must perform the all the other task associated with 
colony life such as; building the honeycomb and 
storing food, cleaning cells, feeding the queen and 
drones, guarding the entrance and finding and 
bringing the food to their hive.  The female workers 
which are about three weeks old are performing most 
tasks within the hive. After three weeks, they become 
foragers for the rest of their lives. Forager honeybees 
search for promising flower nectar from different 
food sources in multiple directions up to 12 km from 
the hive, but they mostly fly within a 3 kilometer 
radius.  
Frisch [16] discovered that when honeybees find a 
food source they advertise their findings by 
performing a “round dance” or “waggle dance” based 
on the distance of the food source from the hive. The 
round dance gives the information that the discovered 
food source is in the vicinity of the hive and the 
waggle dance informs the other bees that the food 
source is situated more than 100 m from the hive. The 
direction and duration of dances are closely 
correlated to the direction and distance of the patch of 
flowers. All forager bees, of course, can find differing 
quality food sources during their trip. Hence, after 
unloading the nectar, each bee can follow one of three 
options: (a) abandon the food source and search for 
another promising flower patch, (b) continue to 
forage at the food source without recruiting nest 
mates, or (c) perform the one of the bee dance to 
recruit nest mates before returning to the food source.  
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The option selected is based on the food level of the 
nectar source the individual bee had found. If a bee 
has found a nectar source that is above a certain limit, 
she follows option (c). If the nectar source is average, 
the bee goes to forage at the food source without 
recruiting nest mates (option b). Otherwise, the bee 
continues to search for promising nectar sources 
(option a).  The main goal of the bees is to locate the 
most abundant nectar source. 
 
2.2. Modeling of Bee Behaviour 
The food sources and their nectar qualities represent 
possible solutions to given optimization problem. The 
location of food source corresponds to the design 
variables. In the first step of the ABC, all worker bees 
(BN) are considered to leave the hive to search for 
promising flower patches. The location of a food 
source, s, can be determined as: 

( ),new low up low low up
s j s j s j s j jx x x x x x x    

         (1) 
low

s jx
and 

up
s jx

are the lower and upper bounds of the 
jth design variable and  is a random number between 
0 and 1. After the bees return to the hive with a 
certain amount of nectar (), the first half of the bees 
which found the best food sources become 
“employed bees.”  The remainder of the bees watch 
the dancing bees to decide one of which employed 
bee may be followed. These bees, which watch the 
dance, are called “unemployed bees” or “onlooker 
bees.” It means that unemployed bees select a food 
source according to a probability proportional to the 
amount of nectar to be found at that food source.  
After an employed bee has recruited unemployed 
bees, if any, she leave hive to find a better food 
source (called candidate food sources) in the 
neighbourhood of the previous food sources 
discovered by her and other employed bees. This 
means that the ABC algorithm uses the previous food 

source (
old

s jx
) to search for a candidate food source 

(
new

s jx
).  Numerically, the location of a candidate 

food source, s, is determined as: 
( )new old old old

s j s j s j s kx x x x  
                  (2) 

where  is a random number between -1 and 

1.
new

s jx
is an updated design variable. The left hand 

subscripts represent the solution number (food 

source, 1,2,...,s SN ) while the right hand script 
denote the design variable number. kis a randomly 
chosen integer number but cannot be equal to 

s.
new

s kx play an important role in the ABC 
convergence behaviour since it is used to control the 
exploration abilities of the bees.  It directly influences 
the location of the new food source, which is based 
on the previous location of other food sources. If the 
level of food in the new location is better than old 

one, the new position becomes the food source; 
otherwise, the old location is maintained as the best 
food source. 
 
III. NUMERICAL EXAMPLE 
 
The following classical test problem were used to 
investigate the numerical correctness, efficiency and 
validation of the ABC algorithm: 
Planar ten-bar truss subjected to one loading 
condition; 
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Fig. 1. Geometry and applied loading for a planar ten-bar 
truss. 

 
Based on the algorithm presented in Section 2, a C# 
program was developed to design planer structures 
using object-oriented paradigm. The program is 
composed of three main classes, namely DataProcess, 
Bee, IndataData. The class InputData reads input file 
and creates the container lists that store information 
concerning elements, nodes, loads and material 
descriptions. The class Bee was created to store the 
data such as fitness, penalty coefficient, name, design 
variables and actions related to the bee behaviors 
such as finding the food source. The class 
DataProcess combines all classes to perform the 
optimization procedure. 
The optimization software was run on a Personal 
Computer with a Intel Core i5-2400 CPU 3.10 GHz 
processor and 4GB memory under the Microsoft 
Windows 7 Professional 32 bit operating system. 
Example presented in this study, the ABC algorithm 
parameters  were set as follows: a colony of bee size 
N= 50, the maximum number of cycles MNC=750 
LIMIT=MNC/3. Five independent runs were 
performed with the best and worst performances 
being presented for problem. 
 
3.1. Ten-Bar Truss 
Fig. 1 shows the geometry and the loading condition 
of the cantilever truss structures consisting of ten 
bars. This structure is a standard example used by 
many researchers including Rajeev ve 
Krishnamoorthy (1992) Genetic Algorithm (GA)[21], 
Kripka  simulated annealing (SA) algorithm[22], Li et 
all the heuristic practical swarm optimization (HPSO) 
algorithm [23], Camp and Bichon Ant Colony (ACO) 
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[24],   Mustafa Sönmez Artificial Bee Colony (ABC) 
[11]. In this example, one loading case were 
considered: Case I in which the single loading 
condition P1 = 100 kips (444,82 kN) was considered. 

 
Fig. 2. Geometry and applied loading for a planar ten-bar truss 

in Sap2000. 
 

All members were assumed to be made from a 
material with an elastic modulus of E = 10, 000 
ksi   and a mass density of = 0.10 lb/in3 
.   The cross-sectional areas of all 
members were included as sizing variables. The 
minimum and maximum cross-sectional areas of 
members were L={1.62, 1.80, 1.99, 2.13, 2.38, 2.62, 
2.63, 2.88, 2.93, 3.09, 3.13, 3.38, 3.47, 3.55, 3.63, 
3.84, 3.87, 3.88, 4.18, 4.22, 4.49, 4.59, 4.80, 4.97, 
5.12, 5.74, 7.22, 7.97, 11.5, 13.5, 13.9, 14.2, 15.5, 
16.0, 16.9, 18.8, 19.9, 22.0, 22.9, 26.5, 30.0, 33.5} 

 . The displacements of the free nodes in both 
directions had to be less than ±2 in   and 
the allowable stress was set to ±25  
ksi.  

 
Fig. 3. Convergence history of ten-bar truss 

 
Tables 1  shows the minimal and maximal results of 
ten independent runs for a ten-bar truss subjected to 
Case I load. Other published results found for the 
same problem using different optimization 
approaches including the Genetic Algorithm (GA) 
[21], the simulated annealing (SA) algorithm [22], the 
heuristic practical swarm optimization (HPSO) 
algorithm [23], the ant colony algorithm (ACO) 
algorithm [24], ABC algorithm [11]   are also listed 
in Tables 1. 
 
Table 1. Optimization results for a ten-bar truss (Case 
I). 

 
 
The minimum weights obtained from the ABC  are 

lbs. There is no constraint violation for 
either case. The ABC algorithms provide very good 
results when compared with other results.  

 
Fig. 4. Optimal design for a planar ten-bar truss in Sap2000. 

 
CONCLUSIONS 
 
The Artificial Bee Colony (ABC) algorithm, based on 
mimicking the food foraging behavior of honeybee 
swarms, is proposed as a method of solving the 
optimization problems of planar truss structure. The 
comparison of the results of the ABC with those of 
other algorithms demonstrated that the ABC 
algorithm provides results as good as or better than 
other algorithms and can be used effectively for 
solving such problems. The algorithm shows a 
remarkably robust performance.  
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