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ABSTRACT

SHAPE AND SIZING OPTIMIZATION OF STEEL TRUSSES
UNDER DYNAMIC EXCITATIONS
Jawad, Farqad Kamil Jawad
M.S., Civil Engineering Department
Supervisor: Asst. Prof. Dr. Saeid Kazemzadeh Azad
May 2018, 35 pages

During the past decades, the main focus of the research in steel truss optimization has
been tailored towards optimal design under static loading conditions and limited work
has been devoted to investigating the optimum structural design considering dynamic
excitations. This thesis addresses the simultaneous shape and sizing optimization
problem of steel truss structures subjected to dynamic excitations. Using a
contemporary evolutionary algorithm, the minimum-weight design of steel trusses is
conducted under both periodic and non-periodic excitations. In the case of periodic
excitations, in order to examine the effect of the exciting period of the dynamic load
on the final results, the design instances are optimized under different exciting periods
and the obtained results are compared. It is observed that by increasing the excitation
period of the considered sinusoidal loading as well as the finite rise time of the nonperiodic step force, the optimization results approach the minimum design weight
obtained under the static loading counterpart. However, in the case of the studied
rectangular periodic excitation, the results obtained do not approach the optimum
design associated with the static loading case even for higher values of the exciting
period.

Keywords: Design optimization, steel trusses, shape optimization, discrete sizing,
evolutionary algorithm, dynamic excitations.
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ÖZ

ÇELİK KAFESLERİN DİNAMİK UYARIMLAR ALTINDA ŞEKİL VE
BOYUT OPTİMİZASYONU
Kamil Jawad Jawad, Farqad
Yüksek Lisans, İnşaat Mühendisliği Bölümü
Tez Yöneticisi: Dr. Öğretim Üyesi Saeid Kazemzadeh Azad
Mayıs 2018, 35 sayfa

Geçmiş yıllarda, çelik kafes optimizasyonu konusundaki araştırmaların ana odağı,
statik yükleme koşulları altında optimum tasarımı elde etmeye yönelik olup, dinamik
uyarımlar altında yapılan optimum yapısal tasarım araştırılmaları sınırlı sayıdadır. Bu
tez, dinamik uyarımlara maruz kalan çelik kafes yapıların eş zamanlı şekil ve
boyutlandırma optimizasyon problemini ele almaktadır. Modern bir evrimsel
algoritma kullanarak, çelik kafeslerin minimum ağırlık tasarımı, hem periyodik hem
de periyodik olmayan uyarımlar altında gerçekleştirilmiştir. Periyodik uyarımlarda,
dinamik yükün uyarım periyodunun sonuçlar üzerindeki etkisini incelemek için
tasarım örnekleri farklı uyarım periyotları altında optimize edilmiş ve elde edilen
sonuçlar karşılaştırılmıştır. Kullanılan sinüzoidal yüklemenin periyodunun ve
periyodik olmayan adım kuvvetinin yükselme süresinin arttırılmasıyla, optimizasyon
sonuçlarının statik yükleme altında elde edilen sonuçlara yaklaştığı gözlenmiştir.
Ancak, incelenen dikdörtgen periyodik uyarım durumunda elde edilen sonuçlar,
uyarım periyodunun yüksek değerleri için bile statik yükleme altında elde edilen
optimum tasarım ağırlıklarına yaklaşamamıştır.

Anahtar Kelimeler: Tasarım optimizasyonu, çelik kafesler, şekil optimizasyonu, ayrık
boyutlandırma, evrimsel algoritma, dinamik uyarımlar.
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CHAPTER 1

INTRODUCTION

1.1 Structural Optimization of Steel Trusses
The availability of affordable high-performance computing technologies has promoted
the application of optimization in structural design, alleviating the burden of trial-anderror loops of the design optimization process. Typically, the optimal structural design
is an attempt to find a minimum weight/cost structure with no violation of the strength
and serviceability design constraints stipulated by standard design codes. Generally,
the design optimization of steel truss structures can be categorized as sizing, shape (or
geometry), and topology optimization. In sizing optimization, cross-sectional areas of
members are considered as design variables of the optimization problem. In shape
optimization, nodal coordinates, and in topology optimization, connectivity of nodes
are treated as design variables. The present study is limited to simultaneous sizing and
shape optimization of steel trusses under dynamic loads.
Mathematical programming [1-3] and optimality criteria techniques [4-6] are two
well-known categories of conventional structural optimization approaches. These
techniques have been basically developed for handling continuous optimization
problems and are not suitable for handling combinatorial optimization problems
mainly due to their gradient-based formulations. Drawbacks of the foregoing
conventional optimization techniques have resulted in an increasing tendency towards
the application of stochastic evolutionary algorithms, or the so-called metaheuristics,
in structural optimization. Evolutionary algorithms such as genetic algorithms [7],
simulated annealing [8], particle swarm optimization [9], ant colony optimization [10,
11], etc., are capable of handling both discrete and continuous variables. Furthermore,
these algorithms do not need gradients of objective functions for searching the design
space and perform a stochastic search which enables them to escape from local optima.
Beside the above-mentioned attributes, ease of implementation can also be considered
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as another reason for popularity of the evolutionary algorithms. State-of-the-art
reviews of evolutionary algorithms in the context of structural design optimization can
be found in Refs. [12-14].
Over the past decades, numerous research studies have been conducted on developing
efficient sizing, shape, and topology optimization algorithms for optimum design of
truss structures. Indeed, most of the developed algorithms belong to the class of
evolutionary algorithms or metaheuristics. Wu and Chow [15] employed a binary
genetic algorithm for sizing and shape optimization of truss structures. Early works on
the application of genetic algorithms to truss optimization problems were based on
binary coding [7]. Later, by the development of suitable real-coded crossover and
mutation operators, real-coded genetic algorithms [16, 17] became more popular
basically because of alleviating the burden of decoding associated with the binary
representation of the standard genetic algorithm. In fact, most, if not all, of the
evolutionary algorithms recently employed for truss optimization, work on the basis
of real-coded representation for candidate designs.
Hasançebi and Erbatur [18] used genetic algorithms for simultaneous sizing, shape,
and topology optimization of space trusses. In order to improve the efficiency of the
optimization process, they introduced annealing perturbation and adaptive reduction
of the design space methodologies in conjunction with genetic algorithms. Through
design optimization of a benchmark 47-bar truss tower as well as a 224-bar space truss
pyramid, the proposed approach was shown to be more efficient than the standard
genetic algorithm.
In order to improve the computational efficiency of the optimization process, Kaveh
and Kalatjari [19, 20], and Rahami et al. [21] integrated the force method of structural
analysis with genetic algorithm for sizing, shape, and topology optimization of truss
structures. In a different approach, Ahrari and Atai [22] proposed a fully stressed
design evolution strategy for shape and sizing optimization of truss structures and
reported promising results. In their study, a design-driven methodology was used
where global search features of the evolution strategy were combined with the domain
knowledge obtained based on the well-known fully stressed design procedure.
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Use of the domain knowledge to improve the robustness and computational efficiency
of truss optimization algorithms has also been studied in the work of Flager et al. [23].
They developed a bi-level hierarchical method for shape and sizing optimization of
steel truss structures. In their study, a fully constrained design technique [24],
originally developed for discrete sizing optimization, was nested within a gradientbased shape optimization method. The authors demonstrated practical benefits of their
bi-level approach using a successful industry application.
Although typically shape and sizing optimization of truss structures have been
conducted under stress and displacement constraints, some researchers formulated the
design optimization problem with frequency constraints. Gomes [25] employed the
particle swarm optimization algorithm for simultaneous shape and sizing optimization
of truss structures subjected to frequency constraints. Using four benchmark truss
instances, the author demonstrated the efficiency of the particle swarm optimization
algorithm compared to the previously reported methods in the literature. Recent
successful applications of evolutionary algorithms in shape and sizing optimization of
truss structures subjected to frequency constraints can be found in Refs. [26-30].
1.2 Aim and Scope of the Thesis
As already noted, in the past few years, research on the optimization of truss structures
has mainly focused on the algorithm development where the performance of the
proposed new algorithms has been investigated using well-known benchmark
instances of truss structures. Typically, most of the benchmark examples, widely
available in the literature, have been studied under static loads only, and very little
work has been devoted to investigating truss optimization problems under other
loading conditions [31]. In terms of the nature of the applied loads, it is apparent that
beside common static loads, many structural and mechanical systems undergo
different types of dynamic loads in their service life as well. Therefore, extending the
design optimization applications to the field of dynamic loading would be fruitful for
further promoting the use of optimization in practice. To this end, in the present
research, simultaneous shape and sizing optimization of steel trusses under different
types of dynamic loads is investigated. Regarding the advantageous attributes of
evolutionary algorithms, a recently developed method named as the modified big
bang-big crunch algorithm [32], is employed for handling the shape and sizing design
3

variables during the optimization process. The test examples include a 22-member
cantilever truss optimized under sinusoidal excitations, a 44-member cantilever truss
designed under rectangular periodic excitations, and a 37-member truss bridge
optimized under step forces with different finite rise time values. Furthermore, in the
case of periodic excitations, to investigate the effect of the exciting period of the
dynamic load on the final designs, the design examples are optimally designed under
different exciting periods and the obtained results are discussed.
The remaining parts of the thesis are organized as follows. The second chapter
describes the shape and sizing optimization problem of steel trusses according to
AISC-LRFD [33]. In the third chapter, the main steps of the employed evolutionary
optimization algorithm are outlined. The fourth chapter describes the dynamic loading
and analysis procedure. The design optimization instances are tackled in the fifth
chapter and concluding remarks are presented in the last chapter of the study.
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CHAPTER 2

OPTIMIZATION PROBLEM FORMULATION

2.1 Optimum Design of Steel Trusses According to AISC-LRFD
The shape and sizing optimization problem of a steel truss composed of m elements
can be stated as follows. Here, the objective of the optimization process is to obtain a
design vector X (Eq. 1) composed of sizing (I1, I2, I3, . . . , Ik) and shape design variables
(S1, S2, S3, . . . , Sl),
XT = [I1, I2, I3, . . . , Ik, S1, S2, S3, . . . , Sl]

(1)

such that X minimizes the following weight objective function:
𝑚

𝑊(𝑿) = ∑ 𝜌𝑖 𝐿𝑖 𝐴𝑖

(2)

𝑖=1

where W(X) is the total weight of the truss structure, ρi, Li, Ai are weight per unit
volume, length, and cross-sectional area of the i-th truss member, respectively. The
objective of finding the minimum-weight truss structure is subject to the design
constraints including strength, displacement, and buckling requirements. According to
AISC-LRFD [33], for each member, i, the following relation must be satisfied for the
strength requirement.

[

𝑃𝑢
] −1≤0
𝜙𝑃𝑛 𝑖

(3)

where Pu and Pn are the required and nominal axial (tensile or compressive) strengths
of the i-th member under consideration, respectively. Here, 𝜙 is the resistance factor
for axial strength, which is 0.85 for compression and 0.9 for tension.
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According to the AISC-LRFD [33] specifications, the nominal tensile strength of a
member, based on yielding in the gross cross-sectional area, is equal to:
𝑃𝑛 = 𝐹𝑦 𝐴𝑔

(4)

where Fy is the specified yield stress and Ag is the gross cross-sectional area of the
member. The nominal compressive strength of members with compact and/or noncompact elements, for the limit state of flexural buckling is as follows:
𝑃𝑛 = 𝐹𝑐𝑟 𝐴𝑔

(5)

where Fcr is the critical stress based on flexural buckling of the member computed as:

𝑓𝑜𝑟 𝜆𝑐 =

𝐾𝑙 𝐹𝑦
√ ≤ 1.5
𝑟𝜋 𝐸

𝐹𝑐𝑟 = (0.658𝜆𝑐 )𝐹𝑦

𝑓𝑜𝑟 𝜆𝑐 =

𝐾𝑙 𝐹𝑦
√ > 1.5
𝑟𝜋 𝐸

𝐹𝑐𝑟 = [

2

0.877
] 𝐹𝑦
𝜆2𝑐

(6)

(7)

where l is the laterally unbraced length of the member, K is the effective length factor,
r is the governing radius of gyration about the axis of buckling and E is the modulus
of elasticity. Moreover, the slenderness ratios of truss members under tension and
compression are limited to:
𝜆𝑖 =

𝐾𝑙
≤ 300
𝑟

(𝑓𝑜𝑟 𝑚𝑒𝑚𝑏𝑒𝑟𝑠 𝑢𝑛𝑑𝑒𝑟 𝑡𝑒𝑛𝑠𝑖𝑜𝑛)

(8)

𝜆𝑖 =

𝐾𝑙
≤ 200
𝑟

(𝑓𝑜𝑟 𝑚𝑒𝑚𝑏𝑒𝑟𝑠 𝑢𝑛𝑑𝑒𝑟 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 )

(9)

where 𝜆𝑖 is the slenderness ratio of the i-th truss member. In addition to the abovementioned strength requirements, displacement constraints are also considered as
follows:
𝑑𝑗,𝑘
−1≤0
(𝑑𝑗,𝑘 )𝑎

(10)

where j =1, 2, …, Nj is the joint number, Nj is the total number of joints, dj,k , and
(dj,k)a, are the displacements calculated in the k-th direction of the j-th joint and its
associated allowable value, respectively.
6

CHAPTER 3

OPTIMIZATION ALGORITHM

3.1 Introduction
Several issues, such as the differentiability of objective function, nature of design
variables as well as the imposed design constraints, need to be explored before
selecting an optimization algorithm for an optimal structural design application.
Considering the advantageous attributes of evolutionary optimization algorithms
highlighted in the first section, the recently developed modified big bang-big crunch
algorithm [32] is selected for shape and sizing optimization of steel trusses under
dynamic loads. The big bang-big crunch optimization method first appeared in Erol
and Eksin’s work [34]. The algorithm is inspired by the big bang and big crunch
theories of the universe evolution. As its name implies, the method works based on an
iterative application of two successive stages, namely the big bang and big crunch
phases. During the big bang phase, new candidate solutions are randomly generated
around a point called the center of mass. This point is updated each time in the big
crunch phase with respect to the generated candidate solutions. This iterative
optimization process terminates once a predefined stopping criterion is met. The main
steps for implementation of the algorithm are outlined in the following section.
3.2 Big Bang-Big Crunch Optimization Algorithm
The framework of big bang-big crunch algorithm is comprised of the following steps:
Step 1. Initial population: Generate an initial population through randomly spreading
individuals (candidate designs) over all the search space (first big bang) in a uniform
manner. This step is applied only once.
Step 2. Evaluation: The initial population is evaluated, where structural analyses of
all the individuals are carried out with the set of steel sections and nodal coordinates
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selected for sizing and shape variables, respectively. The objective function values of
the feasible candidate designs that satisfy all the imposed constraints are directly
calculated from Eq. (2). However, infeasible designs are penalized and their objective
function values are computed using Eq. (11).

𝑓 = 𝑊 [1 + 𝑝 (∑ 𝑐𝑖 )]

(11)

𝑖

In Eq. (11) 𝑓 is the constrained objective function, ci is i-th design constraint violation
and p is the penalty constant used to tune the intensity of penalization. The fitness
scores of the individuals are then computed by taking the inverse of their objective
function values (i.e. fitness = 1/W or 1/ f for feasible and infeasible solutions,
respectively). The fitness scores are assigned as the mass values for the individuals.
Step 3. Big crunch phase: Determine the center of mass by taking the weighted
average using the coordinates (design variables) and the mass values of individuals.
As an alternative approach, the fittest individual amongst all can be selected as the
center of mass. The latter approach is used in the present study.
Step 4. Big bang phase: Generate new individuals by using normal distribution (big
bang phase). Typically, for a continuous optimization problem, Eq. (12) is employed
at each iteration to generate new candidate solutions around the center of mass.
𝑥𝑖𝑛𝑒𝑤 = 𝑥𝑖𝑐 + 𝛼. 𝑁(0,1)𝑖

(𝑥𝑖𝑚𝑎𝑥 − 𝑥𝑖𝑚𝑖𝑛 )
𝑘

(12)

where x ic is the value of the i-th continuous variable in the fittest individual, x imin and
x imax are the lower and upper bounds on the i-th design variable, respectively, N (0,1) i

is a random number generated according to a standard normal distribution with mean
() of zero and a standard deviation () equal to one, k is the iteration number, and α
is a constant.
However, in case a discrete set of available sections is used for sizing the truss
members Eq. (13) can be used instead of Eq. (12) to round off the real values to the
8

nearest integers representing the sequence number of available sections in a given
profile list:

𝐼𝑖𝑛𝑒𝑤 = 𝐼𝑖𝑐 + 𝑟𝑜𝑢𝑛𝑑 [𝛼. 𝑁(0,1)𝑖

(𝐼𝑖𝑚𝑎𝑥 − 𝐼𝑖𝑚𝑖𝑛 )
]
𝑘

(13)

c
where I i is the value of the i-th discrete design variable in the fittest individual, and

I imin and I imax are its lower and upper bounds, respectively.
Step 5. Elitism: Keep the fittest individual found so far in a separate place or as a
member of the population.
Step 6. Termination: Go to Step 2 until a stopping criterion is satisfied, which can be
imposed as a maximum number of iterations or no improvement of the best design
over a certain number of iterations.
Recently, in order to improve the performance of the big bang-big crunch algorithm in
optimum design of truss structures, Eq. (14) is proposed in Ref. [32] as a new
formulation in lieu of Eq. (13).

𝐼𝑖𝑛𝑒𝑤 = 𝐼𝑖𝑐 + 𝑟𝑜𝑢𝑛𝑑 [𝛼. 𝑁(0,1)3𝑖

(𝐼𝑖𝑚𝑎𝑥 − 𝐼𝑖𝑚𝑖𝑛 )
]
𝑘

(14)

Eq. (14) is the third power reformulation of the big bang-big crunch algorithm
according to a normally distributed random number. This reformulation is referred to
as the modified big bang-big crunch algorithm [32]. It is worth mentioning that in order
to improve the computational efficiency of the optimization algorithm, the so called
upper bound strategy [35-36] is also integrated with the modified big bang-big crunch
algorithm. The key factor in this approach is to set the penalized weight of the current
best design found during the previous iterations as an upper bound for the net weight
of the newly generated candidate designs. Hence, any new candidate design with a net
weight greater than this upper bound will not be analyzed and this will alleviate the
computational burden of the optimization process.
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CHAPTER 4

DYNAMIC LOADING AND ANALYSIS

4.1 Dynamic Loading and Analysis
The structures studied in the present work are subjected to two different types of
dynamic loads: periodic and non-periodic. Regarding the importance of exciting
period for the former, a range of exciting periods are considered for each test instance.
This range was chosen such that it could represent dynamic loads having relatively
small exciting periods as well as those whose response can resemble the static force
counterparts. The loading amplitude within each individual test example is however
kept constant. Specific loading details for each design instance are elaborated in the
next section.
For structural response calculations, the well-known modal time history analysis is
used. Here, the equation of motion is solved analytically using the modal equations to
compute the responses, assuming linear variation of the forcing functions, between
sampling points. Given the analyses are in the linear range, modal time history
approach is a fast yet accurate approach as: (i) it decreases the computational effort
drastically utilizing the natural modes in lieu of large number of degrees of freedom,
and (ii) the use of closed-form solution precludes any numerical instability. The forced
vibration of a multi-degree-of-freedom (MDF) system can be stated as:
𝒎𝒖̈ + 𝒌𝒖 = 𝒑

(15)

where m and k represent the mass and stiffness matrices, respectively. First order linear
axial finite elements are used for computing the stiffness matrix. On the other hand,
for construction of the mass matrix, the lumped-mass technique is utilized where the
total mass of each member is evenly divided and assigned to the corresponding
member nodes. In Eq. (15) 𝒖̈ and 𝒖 denote the nodal acceleration and displacement
vectors, respectively whereas the right-hand side of the equation shows the forcing
10

vector. Taking advantage of the modal expansion, the displacement vector can be
written as:
𝑁

𝒖 = ∑ 𝝓𝒏 𝑞𝑛

(16)

𝑛=1

where consistent with the nomenclature given in [37], 𝝓𝒏 and 𝑞𝑛 represent the natural
vibration mode shapes and corresponding modal coordinates, respectively, with N
being the maximum number of modes. It is worth noting that only the scalar quantity
in Eq. (16), i.e. 𝑞𝑛 , is time dependent and the deflected shape 𝝓𝒏 does not vary with
time. Thus, nodal acceleration quantity can be obtained by replacing 𝑞𝑛 with 𝑞̈ 𝑛 in Eq.
(16). Rewriting Eq. (15) in terms of modal coordinates and pre-multiplying it with the
transpose of each mode shape vector yields:
𝑵

𝑵

𝝓𝑻𝒓 𝒎 ∑ 𝝓𝒏 𝑞̈ 𝑛

𝝓𝑻𝒓 𝒌 ∑ 𝝓𝒏 𝑞𝑛

𝒏=𝟏

+

= 𝝓𝑻𝒓 𝒑

(17)

𝒏=𝟏

It is of interest to note that the natural modes corresponding to different natural
frequencies satisfy the following orthogonality conditions as well [37]:
𝝓𝑻𝒓 𝒎𝝓𝒏 = 0 and 𝝓𝑻𝒓 𝒌𝝓𝒏 = 0 for n≠ 𝑟

(18)

Accordingly, the large set of global equilibrium equations (Eq. 15) reduces to a
relatively small number of uncoupled second order differential equations of motion
resembling that of a single-degree-of-freedom (SDF) system (Eq. 20).
𝝓𝑻𝒏 𝒎𝝓𝒏 𝑞̈ 𝑛 + 𝝓𝑻𝒏 𝒌𝝓𝒏 𝑞𝑛 = 𝝓𝑻𝒏 𝒑

(19)

𝑚𝑛 𝑞̈ 𝑛 + 𝑘𝑛 𝑞𝑛 = 𝑝𝑛

(20)

where 𝑚𝑛 and 𝑘𝑛 denote the modal mass and modal stiffness, respectively. These
scalar quantities are corresponding to the modal natural frequency of the n-th mode.
Moreover, in order to consider the damping characteristics of the structure, the modal
equation of motion (Eq. 20) is modified with a constant modal damping ratio of 𝜁 =
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2% for all modes (Eq. 21) leading to Eq. (22):

𝑐𝑛 = 𝜁 𝑐𝑐𝑟 = 𝜁(2𝑚𝑛 𝜔𝑛 )

(21)

𝑚𝑛 𝑞̈ 𝑛 + 𝑐𝑛 𝑞̇ 𝑛 + 𝑘𝑛 𝑞𝑛 = 𝑝𝑛

(22)

Eq. (22) represents the viscously damped forced vibration of the n-th mode of the
structure. This is solved for enough number of modes. Hence, for all the considered
models, the ratio of the cumulative effective modal mass to the total structural
counterpart is more than 0.99. This enabled the modal time-history approach to fully
capture the dynamic response even at high frequency ranges. It is worthwhile to note
that this approach has almost no effect on the computational cost yet already satisfying
the ASCE 7-10 requirements stipulated for the minimum required number of modes
[38].
Exact solution of the ordinary differential equations (ODEs) for loads approximated
by a linear piece-wise forcing history within small time increments, has been found to
be the most efficient and accurate approach for practical design purposes [39]. In
addition to the fact that the stability issues commonly encountered in most of the
numerical integration methods are eliminated utilizing the classical solution of the
ODE, it does not introduce any numerical damping. Thus, the time increment could be
any sampling quantity that is deemed sufficient enough to capture the maximum
response values. Finally, following the computation of 𝑞𝑛 for N number of modes and
utilizing modal superposition, the total dynamic response can be obtained and further
used in the post-processing of internal forces.
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CHAPTER 5

NUMERICAL EXAMPLES

5.1 Simultaneous Shape and Sizing Optimization Examples
This section presents the shape and sizing optimization examples of steel truss
structures subjected to dynamic excitations. The investigated examples consist of a 22member cantilever truss, a 44-member cantilever truss, and a 37-member truss bridge.
Due to the stochastic nature of the employed evolutionary optimization algorithm, the
design instances are independently solved ten times and the best solution obtained is
reported herein as the optimum design. For all the investigated examples, the
maximum number of iterations and population size of the optimization algorithm are
set to 500 and 50, respectively. Here, the sizing variables are selected from a database
of 37 pipe sections [33] presented in Table 1, and the material properties of the steel
are taken as follows: modulus of elasticity (E)  200 GPa, yield stress (Fy)  248.2
MPa, and weight per unit volume (𝜌)  7.85 ton/m3.
5.1.1 Example 1: 22-member truss under sinusoidal excitation
The cantilever truss shown in Figure 1 is considered as the first test example. The
structure is composed of 22 members and 13 joints. For dynamic loading, an external
2𝜋

periodic force of 𝑝(𝑡) = 𝑝0 sin( 𝑇 𝑡) with an amplitude of 𝑝0 = 10 kN, and an
𝑒

exciting period of Te is applied at tip node 2 along the z-direction (see Figure 2).
Moreover, dead loads of 1 kN are applied at all unsupported top nodes 2, 3, 7, 6, 9,
and 11 along the negative z-direction. In addition to the self-mass of the structure
properly distributed at the truss nodes, such dead loads are also considered for
calculating the non-structural mass supported by the truss in all the investigated
instances.
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Table 1: Cross sectional properties of the available pipe sections
Section number

Section name

Area , (cm2)

Section number

Section name

Area , (cm2)

1

PIPE1/2STD

1.6129

20

PIPE3-1/2XS

23.7419

2

PIPE1/2XS

2.0645

21

PIPE2-1/2XXS

25.9999

3

PIPE3/4STD

2.1484

22

PIPE5STD

27.7419

4

PIPE3/4XS

2.7935

23

PIPE4XS

28.4516

5

PIPE1STD

3.1871

24

PIPE3XXS

35.2903

6

PIPE1XS

4.1226

25

PIPE6STD

35.9999

7

PIPE1-1/4STD

4.3161

26

PIPE5XS

39.4193

8

PIPE1-1/2STD

5.1548

27

PIPE4XXS

52.258

9

PIPE1-1/4XS

5.6839

28

PIPE6XS

54.1934

10

PIPE1-1/2XS

6.9032

29

PIPE8STD

54.1934

11

PIPE2STD

6.9032

30

PIPE5XXS

72.9031

12

PIPE2XS

9.5484

31

PIPE10STD

76.774

13

PIPE2-1/2STD

10.9677

32

PIPE8XS

82.5805

14

PIPE3STD

14.3871

33

PIPE12STD

94.1934

15

PIPE2-1/2XS

14.5161

34

PIPE6XXS

100.645

16

PIPE2XXS

17.1613

35

PIPE10XS

103.8708

17

PIPE3-1/2STD

17.2903

36

PIPE12XS

123.8707

18

PIPE3XS

19.4838

37

PIPE8XXS

137.4191

19

PIPE4STD

20.4516

Figure 1: 22-member cantilever truss.
The design example includes 22 sizing design variables (I1, I2, I3, . . . , I22) representing
the steel profiles selected for the truss members. In addition, for shape optimization,
both the x- and z-coordinates of all the unsupported bottom nodes (i.e. nodes 1, 4, 5,
8, and 10) as well as the z-coordinate of the supported node 12 are allowed to change
during the optimization, resulting in 11 shape variables (x1, x4, x5, x8, x10, z1, z4, z5, z8,
z10, and z12). Therefore, in total, 33 design variables are to be handled for simultaneous
shape and sizing optimization of the structure. The lower and upper bounds on the
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shape variables are as follows:
1150 𝑐𝑚 ≤ 𝑥1 ≤ 1350 𝑐𝑚
900 𝑐𝑚 ≤ 𝑥4 ≤ 1100 𝑐𝑚
650 𝑐𝑚 ≤ 𝑥5 ≤ 850 𝑐𝑚
(23)
400 𝑐𝑚 ≤ 𝑥8 ≤ 600 𝑐𝑚
150 𝑐𝑚 ≤ 𝑥10 ≤ 350 𝑐𝑚
−200 𝑐𝑚 ≤ 𝑧1 , 𝑧4 , 𝑧5 , 𝑧8 , 𝑧10 , 𝑧12 ≤ 200 𝑐𝑚

The strength constraints are imposed in accordance with the regulations of AISCLRFD [31] as described in section 2. Moreover, the displacement of tip node 2 along
the z-direction is limited to a maximum of 5 cm.
Simultaneous shape and sizing optimization of the 22-member cantilever truss is
carried out under the sinusoidal loading and the obtained final design weights as well
as the fundamental natural vibration period of each design (Tn) are presented in Table
2. In order to investigate the effect of the exciting period (Te) of the applied sinusoidal
load on the final designs, first, the structure is optimally designed under a relatively
small exciting period of Te = 0.1 sec. Next, the exciting period of the dynamic load is
gradually increased and the example is solved again under the exciting periods of Te =
0.5, 1, 1.5, and 2 sec, as well. Furthermore, the structure is also designed under a static
loading case where, in the foregoing loading condition, instead of the sinusoidal load,
a static load equal to the amplitude of the dynamic force, i.e. 𝑝0 = 10 kN, is applied
at tip node 2 in both positive and negative z-directions. The rationale behind
considering this static loading case is to further highlight the effect of increasing the
exciting period of the dynamic loading by comparing the results to those of the static
loading counterpart.

15

Table 2: Shape and sizing optimization results for 22-member cantilever truss
Design
variable

Dynamic loading, Te (sec)
Te = 0.1

Te = 0.5

Te = 1

Te = 1.5

Te = 2

Static
loading

Sizing variables (section names)
I1
I2

PIPE2STD

PIPE2-1/2STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE1-1/2STD

PIPE2STD

PIPE1-1/2STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

I3

PIPE1-1/4STD

PIPE1/2STD

PIPE1STD

PIPE3/4STD

PIPE3/4STD

PIPE1/2STD

I4

PIPE2STD

PIPE2STD

PIPE2-1/2STD

PIPE2STD

PIPE2STD

PIPE2STD

I5

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

I6

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

I7

PIPE1-1/4STD

PIPE2STD

PIPE1-1/2STD

PIPE1-1/2STD

PIPE1-1/2STD

PIPE1-1/2STD

I8

PIPE1STD

PIPE1-1/4STD

PIPE1STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

I9

PIPE1-1/2STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2XS

I10

PIPE2STD

PIPE2STD

PIPE1-1/4STD

PIPE1STD

PIPE1STD

PIPE1STD

I11

PIPE1-1/4STD

PIPE1-1/2XS

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

I12

PIPE2-1/2STD

PIPE2-1/2STD

PIPE2-1/2STD

PIPE2-1/2STD

PIPE2-1/2STD

PIPE2-1/2STD

I13

PIPE2STD

PIPE2-1/2STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

I14

PIPE1-1/4STD

PIPE2STD

PIPE2STD

PIPE2XS

PIPE2STD

PIPE2STD

I15

PIPE2-1/2STD

PIPE2STD

PIPE2XS

PIPE2XS

PIPE2STD

PIPE2STD

I16

PIPE1-1/2STD

PIPE1-1/4STD

PIPE2STD

PIPE1STD

PIPE1STD

PIPE1STD

I17

PIPE1-1/4STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2XS

PIPE2STD

I18

PIPE2-1/2STD

PIPE1-1/4STD

PIPE1STD

PIPE1STD

PIPE1STD

PIPE1STD

I19

PIPE1-1/4STD

PIPE1-1/2STD

PIPE3/4STD

PIPE3/4STD

PIPE3/4STD

PIPE3/4STD

I20

PIPE1-1/4STD

PIPE1-1/4STD

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

I21

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

I22

PIPE2STD

PIPE2STD

PIPE1-1/2STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

Shape variables (cm)
x1

1206

1225

1162

1197

1187

1226

x4

938

959

937

900

900

909

x5

650

725

673

670

674

650

x8

448

498

441

447

450

454

x10

201

193

189

209

195

205

z1

134

161

111

101

100

120

z4

68

101

82

79

84

92

z5

42

37

71

77

75

70

z8

45

6

31

44

43

42

z10

52

-57

-5

8

-3

5

z12
Weight
(kg)

19

-101

-43

-39

-47

-37

253.15

291.34

255.07

238.18

234.4

232.13

0.222

0.159

0.177

0.179

0.179

0.183

Tn (sec)
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Figure 2: Sinusoidal excitation of 22-member cantilever truss.

(a) Te = 0.1 sec, weight = 253.15 kg

(b) Te = 0.5 sec, weight = 291.34 kg

(c) Te = 1 sec, weight = 255.07 kg
Figure 3: Optimal shapes of 22-member cantilever truss under: (a, b, c, d, e) sinusoidal
loading with different exciting periods (Te); (f) static loading.
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(d) Te = 1.5 sec, weight = 238.18 kg

(e) Te = 2 sec, weight = 234.4 kg

(f) Static loading, weight = 232.13 kg

Figure 3: (continued)
As can be seen in Table 2, under the sinusoidal excitation with an exciting period of
Te = 0.1 sec, a design weight of 253.15 kg is obtained for the 22-member cantilever
truss. The results reveal that increasing the exciting period of the sinusoidal load to Te
= 0.5 sec results in a solution of 291.34 kg which is the heaviest design obtained among
all the investigated cases for this instance. It is also observed that further increasing
the exciting period to Te = 1, 1.5, and 2 sec decreases the design weight to 255.07,
238.18, and 234.4 kg, respectively. It can be inferred form the results that by increasing
the exciting period of the sinusoidal load to relatively higher values of Te = 1.5, and 2
sec, the optimization results approach the minimum design weight of 232.13 kg
obtained under the static loading condition. Figure 3 shows the final optimal shapes of
the structure associated with the investigated dynamic and static loading conditions.
The displacement time-history for node 2 under sinusoidal loading as well as the
18

convergence history of the optimization algorithm are plotted in Figures 4, and 5,
respectively.

Figure 4: Displacement time-history (z-direction) for node 2 of 22-member truss under
sinusoidal loading (Te = 1 sec).

Figure 5: Optimization history of 22-member truss under sinusoidal loading (Te = 0.1
sec).
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5.1.2 Example 2: 44-member truss under rectangular periodic excitation
The cantilever truss depicted in Figure 6 is studied as the second design optimization
instance. The structure is composed of 44 members and 21 joints. As shown in Figure
2𝜋

7, for dynamic loading, a rectangular periodic force of 𝑝(𝑡) = 𝑝0 sgn [sin ( 𝑇 𝑡)] with
𝑒

an amplitude of 𝑝0 = 80 kN, and an exciting period of Te is applied at tip node 1 along
the z-direction. Moreover, dead loads of 1.5 kN are applied at all unsupported top
nodes 2, 4, 6, 8, 10, and 12 in negative z-direction.

Figure 6: 44-member cantilever truss.
Table 3: Member grouping details of 44-member cantilever truss
Group no.

Members

Group no.

Members

G1

1, 20

G9

18, 34

G2

2, 3, 21, 22

G10

17, 35

G3

4, 5, 23, 24

G11

16, 36

G4

6, 7, 25, 26

G12

15, 37

G5

8, 9, 27, 28

G13

14, 38

G6

10, 11, 29, 30

G14

39, 40

G7

12, 13, 31, 32

G15

41, 42

G8

19, 33

G16

43, 44

As presented in Table 3, the truss members are divided into 16 groups resulting in 16
discrete sizing variables (G1, G2, G3, . . . , G16) representing the steel profiles selected
for the members. Furthermore, for shape optimization, the z-coordinates of all the
unsupported top and bottom nodes (i.e. nodes 2, 4, 6, 8, 10, 12, 15, 16, 17, 18, 19, and
20), as well as the z-coordinates of the supported nodes 14, and 21 are allowed to
change symmetrically during the optimization process, resulting in 7 shape variables
(z2 = -z15, z4 = -z16, z6 = -z17, z8 = -z18, z10 = -z19, z12 = -z20, and z14 = -z21). Hence, in total,
20

23 design variables are to be handled for simultaneous shape and sizing optimization
of the structure. In this test example, the displacement of tip node 1 along the zdirection is limited to 10 cm, and the side constraints imposed on the shape variables
are as follows:
100 𝑐𝑚 ≤ 𝑧2 , 𝑧4 , 𝑧6 , 𝑧8 , 𝑧10 , 𝑧12 , 𝑧14 ≤ 600 𝑐𝑚

(24)

Figure 7: Rectangular periodic excitation of 44-member cantilever truss.
Shape and sizing optimization of the 44-member cantilever truss is performed under
rectangular periodic loading and the results obtained are tabulated in Table 4. Similar
to the previous test example, in order to investigate the effect of exciting period on the
final designs, first, the truss structure is optimized for minimum weight under an
exciting period of Te = 0.1 sec. Next, Te is increased and the test example is investigated
under exciting periods of Te = 1, and 2 sec, as well. Moreover, the structure is also
optimized under a static loading where, in the above-mentioned loading condition,
instead of the dynamic load, a static load equal to the amplitude of the periodic force,
i.e. 𝑝0 = 80 kN, is applied at tip node 1 in both positive and negative z-directions.
As tabulated in Table 4, under rectangular periodic loading with an exciting period of
Te = 0.1 sec, a design weight of 2745.68 kg is obtained for the 44-member cantilever
truss. In this test example, increasing the exciting period of the rectangular load to Te

21

= 1 sec yields a solution of 3198.30 kg which is the heaviest design achieved among
all the investigated cases. It is observed that further increasing the exciting period to
Te = 2 slightly decreases the design weight to 2975.36 kg which is significantly greater
than the minimum design weight of the static loading case i.e. 1577.52 kg. Figure 8
depicts the final optimal shapes of the 44-member cantilever truss associated with the
investigated dynamic and static loading cases. The displacement time-histories for
node 1 under exciting periods of Te = 0.1, and 2 are plotted in Figures 9, and 10,
respectively.
Table 4: Shape and sizing optimization results for 44-member cantilever truss
Design
variables

Dynamic loading, Te (sec)
Te = 0.1

Te = 1

Static loading
Te = 2

Sizing variables (section names)

G1
G2

PIPE4XS

PIPE5STD

PIPE2XXS

PIPE2XS

PIPE3XS

PIPE4STD

PIPE2-1/2STD

PIPE1-1/2XS

G3

PIPE3STD

PIPE5STD

PIPE4STD

PIPE2-1/2STD

G4

PIPE3-1/2STD

PIPE3STD

PIPE3XS

PIPE2-1/2STD

G5

PIPE2-1/2XS

PIPE4STD

PIPE6STD

PIPE3STD

G6

PIPE2-1/2STD

PIPE4STD

PIPE3-1/2STD

PIPE2STD

G7

PIPE3-1/2STD

PIPE4STD

PIPE3-1/2STD

PIPE2STD

G8

PIPE4STD

PIPE3STD

PIPE4STD

PIPE3STD

G9

PIPE4STD

PIPE5STD

PIPE3-1/2XS

PIPE3-1/2STD

G10

PIPE5STD

PIPE6STD

PIPE5STD

PIPE3-1/2STD

G11

PIPE6STD

PIPE6STD

PIPE6STD

PIPE5STD

G12

PIPE6STD

PIPE6STD

PIPE6XS

PIPE5STD

G13

PIPE6STD

PIPE6STD

PIPE8STD

PIPE5STD

G14

PIPE8STD

PIPE6STD

PIPE2-1/2STD

PIPE2STD

G15

PIPE3STD

PIPE3STD

PIPE2-1/2STD

PIPE2STD

G16

PIPE2-1/2STD

PIPE2STD

PIPE2-1/2STD

PIPE2STD

Shape variables (cm)

z2
z4
z6
z8
z10
z12
z14

358

281

136

113

210

249

262

191

229

148

309

301

187

228

344

289

199

434

263

199

292

459

261

257

310

486

288

293

Weight
(kg)

2745.68

3198.30

2975.36

1577.52

Tn (sec)

0.182

0.124

0.124

0.152
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(a) Te = 0.1 sec, weight = 2745.68 kg

(b) Te = 1 sec, weight = 3198.30 kg

(c) Te = 2 sec, weight = 2975.36 kg

(d) Static loading, weight = 1577.52 kg
Figure 8: Optimal shapes of 44-member cantilever truss under: (a, b, c) rectangular
periodic loading with different exciting periods (Te); (d) static loading.
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(a) Dynamic displacement

(b) Total displacement
Figure 9: Displacement time-history (z-direction) for node 1 of 44-member cantilever
truss under rectangular periodic loading (Te = 0.1 sec): (a) dynamic displacement; (b)
total displacement.
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(a) Dynamic displacement

(b) Total displacement
Figure 10: Displacement time-history (z-direction) for node 1 of 44-member cantilever
truss under rectangular periodic loading (Te = 2 sec): (a) dynamic displacement; (b)
total displacement.
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5.1.3 Example 3: 37-member truss bridge under step force with finite rise time
The steel truss bridge shown in Figure 11 is considered as the third design optimization
example. The structure is composed of 37 members and 20 joints. As depicted in
Figure 12, for dynamic loading, the following non-periodic step force 𝑝(𝑡) with a finite
rise time of tr is applied at node 16 in the negative z-direction:
𝑝(𝑡) = 𝑝0 (
𝑝(𝑡) = 𝑝0

𝑡
) (𝑓𝑜𝑟 𝑡 ≤ 𝑡𝑟 )
𝑡𝑟

(25)

(𝑓𝑜𝑟 𝑡 ≥ 𝑡𝑟 )

(26)

where 𝑝0 = 100 kN is taken as the magnitude of the dynamic force in the constant
phase of the loading (𝑡 ≥ 𝑡𝑟 ).
Here, for rise phase of the excitation, three different finite rise times of 𝑡𝑟 = 0.1, 1,
and 2 sec are considered and the design optimization problem is tackled for each case
independently. Furthermore, dead loads of 1.5 kN are also applied at all the
unsupported bottom nodes (i.e. nodes 12, 13, 14, 15, 16, 17, 18, 19, and 20) in the
negative z-direction.

Figure 11: 37-member truss bridge.
As given in Table 5, the truss members are divided into 18 groups resulting in 18 sizing
variables (G1, G2, G3, . . . , G18) representing the steel profiles selected for the members.
Moreover, for shape optimization, the z-coordinates of all the unsupported top nodes
(i.e. nodes 2, 3, 4, 5, 6, 7, 8, 9, and 10) are allowed to change symmetrically in the
course of optimization, resulting in 5 shape variables (z2 = z10, z3 = z9, z4 = z8, z5 = z7,
and z6). Therefore, in total, 23 design variables are to be handled for simultaneous
shape and sizing optimization of the 37-member truss bridge. Here, the displacement
of node 16 along the z-direction is limited to 5 cm, and the side constraints imposed
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on the shape variables are as follows:
100 𝑐𝑚 ≤ 𝑧2 , 𝑧3 , 𝑧4 , 𝑧5 , 𝑧6 ≤ 1000 𝑐𝑚

(27)

Design optimization of the 37-member truss bridge is carried out under step force with
finite rise time and the results obtained are presented in Table 6. In order to investigate
the effect of the finite rise time of the dynamic load (tr) on the final results, first, the
truss structure is optimized for minimum weight under the step force having a finite
rise time of tr = 0.1 sec. Next, tr is increased and the design instance is studied under
tr = 1, and 2 sec, as well. Furthermore, the structure is also optimally designed under a
static loading where, in the above-mentioned loading condition, instead of the dynamic
load, a static load of 100 kN, is applied at node 16 in the negative z-direction.
Table 5: Member grouping details of 37-member truss bridge
Group no.

Members

Group no.

Members

G1

1, 10

G10

15, 16

G2

2, 9

G11

21, 29

G3

3, 8

G12

22, 28

G4

4, 7

G13

23, 27

G5

5, 6

G14

24, 25, 26

G6

11, 20

G15

30, 31

G7

12, 19

G16

32, 35

G8

13, 18

G17

33, 36

G9

14, 17

G18

34, 37

Figure 12: Non-periodic step force excitation of 37-member truss bridge.
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Table 6: Shape and sizing optimization results for 37-member truss bridge
Design
variables

Dynamic loading, tr (sec)
tr = 0.1

tr = 1

tr = 2

Static loading

Sizing variables (section names)

G1
G2

PIPE4STD

PIPE4STD

PIPE3-1/2STD

PIPE3-1/2STD

PIPE3-1/2XS

PIPE3-1/2XS

PIPE3-1/2STD

PIPE3-1/2STD

G3

PIPE4STD

PIPE3-1/2STD

PIPE3-1/2STD

PIPE3-1/2STD

G4

PIPE5STD

PIPE5STD

PIPE4STD

PIPE4STD

G5

PIPE5STD

PIPE5STD

PIPE3-1/2XS

PIPE3-1/2XS

G6

PIPE3-1/2STD

PIPE2-1/2STD

PIPE3STD

PIPE3STD

G7

PIPE3-1/2STD

PIPE2-1/2STD

PIPE3STD

PIPE3STD

G8

PIPE2STD

PIPE1-1/4STD

PIPE1-1/4STD

PIPE1-1/4STD

G9

PIPE1-1/4STD

PIPE2STD

PIPE2STD

PIPE2STD

G10

PIPE3STD

PIPE2-1/2STD

PIPE2STD

PIPE2STD

G11

PIPE1STD

PIPE1STD

PIPE1STD

PIPE1STD

G12

PIPE2STD

PIPE1STD

PIPE1STD

PIPE1STD

G13

PIPE1-1/4STD

PIPE1STD

PIPE2STD

PIPE2STD

G14

PIPE2STD

PIPE2STD

PIPE2STD

PIPE2STD

G15

PIPE4STD

PIPE3STD

PIPE3-1/2STD

PIPE3-1/2STD

G16

PIPE2-1/2STD

PIPE2-1/2STD

PIPE2-1/2STD

PIPE2-1/2STD

G17

PIPE4STD

PIPE4STD

PIPE3-1/2STD

PIPE3-1/2STD

G18

PIPE2STD

PIPE2-1/2STD

PIPE2STD

PIPE2STD

Shape variables (cm)

z2
z3
z4
z5
z6

213

136

219

211

333

299

313

314

333

296

367

329

382

340

421

419

383

370

428

403

Weight
(kg)

1772.47

1567.08

1502.64

1481.03

Tn (sec)

0.144

0.164

0.145

0.153

As presented in Table 6, under step force with a finite rise time of tr = 0.1, a design
weight of 1772.47 kg is obtained for the 37-member truss bridge which is the heaviest
design among all the investigated cases. Here, it is observed that increasing the finite
rise time of the dynamic loading to tr = 1 sec results in a lighter solution of 1567.08
kg. It can be deduced form the results that by increasing the finite rise time of the step
force to relatively higher values of tr = 1, and 2 sec, the optimization results approach
the minimum design weight of 1481.03 kg obtained under the static loading condition.
Figure 13 shows the optimal shapes of the 37-member truss bridge associated with the
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investigated dynamic and static loading cases. The displacement time- history for node
16 under the step force with a finite rise time of tr = 0.1 is plotted in Figure 14.

(a) tr = 0.1 sec, weight = 1772.47 kg

(b) tr = 1 sec, weight = 1567.08 kg

(c) tr = 2 sec, weight = 1502.64 kg

(d) Static loading, weight = 1481.03 kg
Figure 13: Optimal shapes of 37-member truss bridge under: (a, b, c) non-periodic step
force with finite rise time (tr); (d) static loading.
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(a) Dynamic displacement

(b) Total displacement
Figure 14: Displacement time-history (z-direction) for node 16 of 37-member truss
bridge under non-periodic step force with finite rise time (tr = 0.1 sec): (a) dynamic
displacement; (b) total displacement.
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CHAPTER 6

CONCLUSIONS

6.1 Summary and Concluding Remarks
In this thesis, the simultaneous shape and sizing optimization of steel truss structures
was carried out under dynamic excitations using an evolutionary optimization
algorithm. The minimum-weight design of steel trusses was performed under both
periodic and non-periodic excitations. In the studied periodic excitation cases, the
structures were optimized under different exciting periods in order to observe the effect
of this parameter on the final designs. The results indicated that by increasing the
exciting period of the considered sinusoidal loading as well as the finite rise time of
the non-periodic step force, the optimization results approach the minimum design
weight obtained under the static loading counterpart. However, this was not the case
for rectangular periodic excitation for which the obtained results did not approach the
optimum design associated with the static loading case even for higher values of the
exciting period.
6.2 Recommendations for Future Research
As already noted, in the past decades, the main focus of the research on sizing and
shape optimization of steel trusses has been tailored towards optimal design under
static loading and limited work has been devoted to investigating the optimum
structural design considering dynamic excitations. Although this study considers the
dynamic excitations in the course of optimization, it is limited to shape and sizing
optimization. Hence, further research can be conducted to include the topology
optimization in the design process. Moreover, design optimization of steel trusses can
be investigated under other types of dynamic excitations. Indeed, there is also scope
for further research on the optimum design of other structural systems subjected to
dynamic excitations.
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