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ABSTRACT

ARTICLE HISTORY

This study concerns with the design optimization of geometrically nonlinear lattice girders. The novelty of this study comes from
simultaneously using the member and joint related design constraints, which are borrowed from the provisions of API RP2A-LRFD
specification and defined depending on both member and joint strengths. A multi-objective design optimization approach named
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ImpNSGAII, which was improved in way of integrating both a neural network implementation and an automatic generating lattice girder

tool for the search mechanism of NSGAII, is utilized in this study. Hence, this study purposes to investigate how to vary the optimality
quality depending on the presence of joint strength-related design constraints. Thus, it is demonstrated that the presence of the joint strength-
related design constraints causes to a divergence in the construction cost of optimal designs. Consequently, it is proved that the ImpNSGAII
has a higher capability of exploring a conceptual lattice girder configuration in order to obtain an optimal design satisfying the economy,

load-resistance and serviceability-related design conditions at the same time.
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1. Introduction

The steel lattice girders, members of which are connected to each other
making use of a welding process, bolts and etc., are widely utilized in the struc-
tural engineering field (for example roofs, bridge, industrial applications etc.)
[1]. In order to both increase its manufacturing accuracy and decrease its con-
struction cost; they are preferably constructed in a manufacturing fabric of steel
structures using a number of robots for the welding process [2]. Therefore, the
effect of excessive welding process on the joint strength has to be considered in
the design phase of lattice girder. Hence, the complexity in the design of lattice
girders with respect to the generational design approach is correspondingly in-
creased. Moreover, an increased demand to the cost-saving design of lattice
girder causes to emerge the additional design complexities. In fact, these design
complexities, which are exhaustively tackled in this section, constitutes the fun-
damentals of ImpNSGAII.

A generational design approach is also utilized in the design of steel lattice
girders. It begins by deciding a certain geometric and topologic configuration
of lattice girder since the various conceptual models such as Warren, Pratt and
etc. has been successfully utilized to represent its framing configuration [3-4].
Following the decision on the conceptual model of lattice girder, its member
cross-sectional properties are determined. Then, the sizes of lattice girder mem-
bers are determined according to a database, which contains the cross-sectional
properties of steel profiles. For this purpose, the member responses are com-
puted using a linear structural analysis method. However, when the deformation
in the geometrical shape of lattice girder is large, the structural responses are
not correctly computed. Because, the large deformations of joints cause to arise
the additional responses in the lattice girder members. Therefore, an appropriate
approach is the usage of a non-linear structural analysis method for the compu-
tation of the member and joint responses. [5-8]. Following the computation of
member responses, the capacities of member strengths is checked according to
an available national or international design code [9]. Therefore, the designer’s
experience has a big importance in this stage in order to reduce the number of
trials.

This generational design procedure has still been applied to determine the
most suitable construction of lattice girder. However, the best way for the ex-
ploration of a cost-effective lattice girder design in a lower trial number is the
inclusion of an optimization process into the design procedure [10-11].

In the optimal design of steel structures, the economy is provided in a way
of arranging the cross-sectional properties of its members for a lower weight of
steel structures. In this generational sizing optimization procedure, the member
cross-sectional properties are determined by checking the member stress and
joint displacement values according to their pre-specified upper values [12].
Although there is a big variety in the steel profiles with different cross-sectional
shapes and properties, the circular-hollow-shaped cross-sections are preferably
utilized to represent the size type design variables. Because, their torsional
strengths are higher than those with open cross-sections [13-16]. It was shown

that an execution of this generational sizing optimization procedure causes to
decrease the number of feasible solutions [17]. Furthermore, it was also demon-
strated that involving the shape and geometry of lattice girder into the optimal
design procedure leads to the exploration of optimal design with higher eco-
nomic, serviceability and load-resistance capability. Particularly, it was also
shown that the stability capacity of steel structure was increased through the
various arrangements in its current geometrical form [18]. Therefore, using a
conceptual model for the representation of lattice girder framing configurations
provides a big advantage in introducing the shape and geometric properties of
lattice girders. It is noted that the appropriateness of conceptual design model
has a big importance on the construction of lattice girder in the manufacturing
fabrics of steel structures due to its practically applicability into the real world
[19]. Hence, the waste of time in the elimination of inappropriate optimal de-
signs obtained is prevented.

The generational optimal design procedure is utilized in the design optimi-
zation of steel structures with single objective function, for example, weight
minimization. But the designer preferences are correspondingly neglected [20-
21]. In order to handle this bottleneck, a multi-objective optimization procedure
should be utilized in the optimal design of steel structures. Hence, it is possible
to make a tradeoff analysis among the designer’s preferences. Furthermore, the
proposed multi-objective optimization approach has to also be capable of han-
dling with the usage of mixing type of design variables due to the discrete nature
of steel structures. Furthermore, it must own a simple but an effective search
mechanism in order to reduce the computing time in the exploration of optimal
designs with higher quality as well [17].

The effectiveness of any multi-objective optimization procedure depends
on the properly assignment of their governing parameters. Thus, the computing
performance of multi-objective optimization algorithm is correspondingly in-
creased. But, the computing performance of proposed multi-objective optimi-
zation algorithm is degraded when the current parameter value set is utilized for
the different optimization problem [22-24]. Thus, it is concluded that the adap-
tively usage of governing parameters is the most crucial issue in the evaluation
of computing performance of multi-objective optimization algorithm since the
form of solution space varies depending on the nature of optimization problem.
The evaluation of multi-objective optimization procedures is distinguished from
the ones with single objective due to the increased number of objective func-
tions. The computing capability of any optimization procedure with single ob-
jective function is easily determined considering the convergence degree of op-
timal designs. However, the computing performance of multi-objective optimi-
zation procedure is assessed using a statistical test approach performed to eval-
uate the values of various quality criterions [25].

Particularly, the multi-objective optimization approaches that mimic the
various nature-related phenomena such as, Darwin’s evolutionary theory, liv-
ings of ants, bees, flying etc. are more successful in the design optimization of
both steel structural and the other engineering applications [26]. Particularly,
the genetic algorithm based multi-objective optimization algorithms achieve to



Tugrul Talaslioglu

take more attention in the various optimization-related fields due to their simple
and effective search mechanisms [27].

This study concerns with the optimal design of geometrically nonlinear tub-
ular lattice girders considering the provisions of “Recommended Practice for
Planning, Designing and Constructing Fixed Offshore Platforms: Load and Re-
sistance: Factor Design (APl RP2A-LRFD 1993) [28]. It is noted that API
RP2A-LRFD is a compact design code since it comprises the member and joint-
strength-related design codes. The arc-length method is employed to analyze
the structural system in order to compute nonlinear structural responses at each
load steps. The arc-length approach is proven to be successful in the identifica-
tion of limit points, which indicates the failure in the stability of structural sys-
tem, thereby iteratively tracing an equilibrium path formed by incremental load
and displacement values [18]. Hence, the higher complex nonlinear structural
problems that exhibits snap-through or snap-back behavior are easily solved
through its capability of easily predicting the limit points (bifurcation, branch-
ing and etc.). An improved multi-objective optimization approach (ImpNSGAII)
is utilized to execute the optimization-related computations [17]. The funda-
mentals of ImpNSGAII are constituted on the computing procedure of non-
dominated sorting genetic algorithm Il (NSGAII), which is basically governed
by the genetic operators. The main future of ImpNSGAII is its ability of self
adaptively adjusting the parameter values of genetic operators.

The novelty of this study comes from its being a first attempt to determine
the load-resistance capability of the lattice girder at any load step of the nonlin-
ear structural analysis approach thereby checking both member and joint
strengths considering the provisions of APl RP2A-LRFD specification [28].
The other novel aspect of this study is that the proposed optimal design approach
does not penalized the objective functions. Hence, a waste of time consumed in
the exploration of feasible designs is correspondingly prevented through this
feature of the proposed design approach.

The presentation of optimal design results starts firstly by introducing a
multi-objective optimization background. The computing steps of ImpNSGAII
are defined in the subsequent sections. The design results outcome from the ap-
plication examples, which were introduced in Reference [17], are also included.
Then, a general summarization is reported in the section of “conclusion”.

2. The basic elements of proposed optimization procedure

The design optimization of lattice girders that satisfies the economy, load-
resistance and serviceability-related design conditions at the same time is car-
ried out thereby minimizing the entire weight of lattice girder f; and joint dis-
placements f, and maximizing its member forces f; (see Egns. (1-3)). The pro-
posed objective functions are formulated as:

f :min(g w*l) ) (k=1..,m) 1)
1 k=1 k

f =min(d ) (i=1.,6 and j=1,..,n) )
2 ij

f =max(f ) (3)
3 ij

The entire weight W is computed considering the structural member length
| and its unit weight w for each member (1,..,m).The properties of structural
members with circular hollow shaped cross-sections are assigned from 37 dif-
ferent types-steel profiles. The joint displacements d;; (j=1,..,n and i=1,..,6) are
defined for both each degree of freedom i and joint j. The member forces fj,
which contain “axial”’&“shear” forces, “bending”&*“torsional” moments, are
obtained in the end of execution of nonlinear structural analysis.

The design constraints called as the member and joint related design con-
straints (MRDC and JRDC), are described using the member and joint strength—
related inequalities. A unity value is assigned to represent these inequalities (see
the sections of “D” and “E” in Reference [28]). For example, the inequalities (f;
< ¢*F ) for axial tension are represented by unities as Unity=(f/ ¢ *F ) < 1.0.

In the following part, the details of design constraints are presented includ-
ing their formulation numbers along with Tables and Figures no’s located in
provisions of APl RP2A-LRFD specification [28].

i) Member strength-related unities for m members (k=1,...m):

Unity*ayal represents the member axial capacity, which defines a strength against
tensile and compressive stresses occurred in lattice girder members (see the sec-
tion of D.2.1-1 and D.2.2-1 in Reference [28]). It is defined by making use of
“nominal yield strength” and “nominal axial compressive strength”, respec-
tively. Whereas the nominal yield strength has a pre-assigned value, the nominal
axial compressive strength is determined depending on both “nominal yield
strength” and “elastic&inelastic local buckling strength” (stability issue).
Therefore, the certain parameters, for example the effective length factor for the
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calculation of braced length along with the gyration diameter and the ratio as
“diameter/thickness”, manage the magnitude of nominal axial compressive
strength. Thus, the availability of diagonal members against the stability prob-
lem and the assignment of members with higher thickness for the construction
of lattice girder has a big contribution to the member axial capacity.

Unitykghear represents the member’s shear capacity, which defines a strength

against shear stress occurred in lattice girder member (see the section of D.2.4-
1 in Reference [28]). The shear capacity of member is determined considering
“nominal shear strength”, which is indicated as a percentage of “nominal yield
strength”. As in the Unity*aya, the use of diagonal members provides to decrease
the member forces, which comes from the external forces imposed on the cor-
responding nodes.
UnitykAxia|CDmpr&BendingBuck|ing represents the member’s combined axial compres-
sive and bending buckling capacities, which defines the strengths against both
compressive and bending stresses (see the section of D.3.2-2 [28]). This unity
is computed depending on “euler buckling strength” and “nominal axial com-
pressive strength” (stability issue) along with “nominal bending strength”. The
computing details about “nominal bending strength” are given in the introduc-
tion of Unity*a,a, above. The nominal bending strength is calculated depending
on a ratio “diameter/thickness” and “elastic&plastic section modulus”. Thus,
the availability of diagonal members not only provides a positive contribution
to this unity, but the use of members with higher thickness and plastic section
modulus also increases the capacity of this unity.

UNity*asaicompragendingviels Tepresents the member’s combined axial tensile
and bending yield capacities, which defines the strengths against both tensile
and bending forces (see the section of D.3.1-1 in Reference [28]). This unity is
computed depending on “nominal inelastic buckling strength” and “nominal
bending strength”. The computing details about these strengths are given in the
introduction of Unity*axiaicompragendinguckiing aNd Unity*asial, respectively. Thus, the
availability of diagonal members and the use of members with higher thickness
and plastic section modulus provides an increase in the capacity of this unity.

i) Joint strength-related unities for n joint (j=1,...,n):

Unity'joinaxial Tepresents the ultimate joint axial capacity, which indicates a
strength against compressive&tensile and moment forces (see the section of
E.3-2 in Reference [28]). Thus, the joint axial capacity is not only determined
depending on axial forces, but also, in-plane and out-plane bending forces oc-
curred in lattice girder members along with the joint types (K, T,Y and etc.).
Considering, Table E.3-1 and Table E.3-2 in Reference [28], it is seen that K-
shaped connections makes more contribution in the capacity of joint axial and
thus leads to a decrease in the value of its unity (see Fig. E.3.2 in Reference
[28]). Moreover, the contribution of T and Y -shaped connections are lower with
respect to K-shaped connections. If a vertical member, axial force of which
equals to zero, is connected with only one diagonal member at a joint, this joint
is defined as T and/or T&Y. Therefore, the inclusion of diagonal members into
the construction of lattice girder leads to an increase in the joint axial capacity.
Particularly, the joint axial capacity, which is obtained by multiplying the
“chord design factor” and “ultimate strength factor” is factorized by a parameter
“connection resistance factor”. In fact, both connection resistance factor and ul-
timate strength factor are determined the joint types (K, T, Y and etc.) along
with the thickness and diameters of chord and brace members.

Unityljoinaxialesending Tepresents the joint axial and bending capacities (see
E.3-4 in Reference [28]). In fact, this unity is computing depending on the ulti-
mate joint axial and bending moment capacities without omitting the parameter
“connection resistance factor”.

Unityloinviels represents the joint yield capacity (see the section of E.3-1 in
Reference [28]). The strength of joint yield is determined depending on both the
pre-defined yield values of brace and chord members and joint geometric prop-
erties (brace angle, thickness and diameters of brace and chord members).

It is mentioned that the thickness and diameters of chord and brace mem-
bers have a big effect on the unity values which are utilized to define JRDCs. In
his regard, some arrangements for these cross-sectional properties of chord and
brace members provides an increase in the capacities of joint-related strengths
as:

i) The thickness of chord member must be higher with respect to its diameter.
ii) The thickness of chord member must be higher than brace members’

iii) The diameter of chord member must be higher than brace members’

iv) Particularly, the lower angle € between chord and brace members leads to an
increase in the capacity of Unity/jsinvieis (Se€ Eqn. E.3-1 in Reference [28]). In
this study, the lower value of middle height, which is indicated by Pary, is uti-
lized to indicate a lower angle 6. In fact, it has to be also noted that an increase
in the middle height of lattice girder causes the occurrence of stability-related
structural problem.

If any unities defined for the member and joint strength exceed “1”, then
nonlinear structural analysis is stopped at the corresponding loading step num-
ber. At the corresponding loading step number, maximum member force and
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joint displacement values are utilized to determine both the load-resistance ca-
pability and joint displacements for the automatically assigned lattice girder
configuration. It is mentioned that the arc-length method is utilized for the anal-
ysis of structural responses. For this purpose, a finite element analysis tool, AN-
SYS is employed to compute the responses for the current lattice girder config-
uration [17].

Furthermore, the design flexibility of proposed optimal design approach is
improved thereby including an automatic lattice girder generating tool into the
optimization of lattice girder designs taking into consideration of proposed con-
straints mentioned above. A typical lattice girder model is used to generate var-
ious lattice girders. Thus, it is possible to carry out not only sizing but also top-
ologic and shape optimization at the same time. The size type design variables
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D1-D4 and their cross-sectional properties are chosen from 37 different circu-
lar-hollow-shaped cross-sections and assuming their limit values Parypy and
Parpv in a range of 1-37 (see Reference [17]). The topology type design varia-
bles, limits of which are defined by Parpyy and Parpn., is governed by a ratio
as (length of span LS/ division number Parpy). Two shape type design variables
for two heights of lattice girder H1 and H2 are defined by two parameters Pary;,
Pary. Their limits are determined by the parameters Paryy, Pary, Pary,y and
Paryg, respectively. A further detail about both the generation of various lattice
girders and the assignment of the design-related parameters in connection with
both the proposed generating tool and ANSYS is found in Reference [17].

FitnessFunction = @ObjLatticeGirder;
%three type lattice girders are considered
Case=1

if case==1

elseif case==
elseif case==3

end
ub = [ParDNU Par s Parpy Pary,y Parypy Parypy Parypy Parupy ],
Ib= [ParDN._ Par s Paryy Paryo. Parpy Parpy Par pyv Par py ],

for i=1: Parnnin
options = gaoptimset('Generations', Pargen);
options.PopulationSize= Parpqps;
options.MutationFcn= {@mutationuniform, Paryus };
options.CrossoverFcn= {@crossoverheuristic, Parcos };
options.CrossoverFraction= Parcrostrac;
options.MigrationInterval= Parmign;
options.MigrationFraction= Parwigerac;
options.SelectionFecn={@selectiontournament, Parsqr};

gamultiobj
% Validate constraints and options
gacommon
% Call appropriate multi objective optimization solver
gamultiobjsolve
gamultiobjMakeState
feval(options.CreationFcn)
Fcnvectorizer
rankAndDistance
gadsplot; gaoutput
while true
gamultiobjConverged
stepgamultiobj
migrate
gadsplot; gaoutput
if WhichMethod==

% Migration

end
end

WhichMethod=1 % WhichMethod=1 for NSGAII , WhichMethod=2 for ImpNSGAII

Parpnu=15, Parpn =5, ParL05=393.700, ParH1U=35.433, ParH1|_=23.622, Paeru=23.622 and ParH2L=3.937, Parypv=1 and ParLDV:37
ParDNU:ZO, ParDNL:S, ParLos:3g3.700, ParH1U=47.244, ParH1L=23.622, ParH2U=23.622 and ParH2L=3.937, PaI’UDV:l and ParLDV:37

Parpny=40, Parpn =10, Par,s=787.401, Pary;y=59.055, Paryy =31.496, Pary,,=31.496 and Pary, =7.874, Parypy=1 and Par py=37

ParNNINzlo;ParGenzzsy ParPODS:SOy ParMutR:O-Sy ParchSR:O-Sy ParchSFfaC:O-Sv ParMigln:21 ParMigFrac:O-sy ParSeI:Z,

% Create initial state: population, Evaluate fitness functions
%Evaluate fitness function to get the number of objectives

% Get the rank and distance measure of the population
% Give the plot/output Functions
% check to see if any stopping criteria have been met

% Give the plot/output Functions

AL Loutput=[output.averagedistance, output.spread]
ALLinput=[ALLinput [ParGen; ParPopS; ParMutR; ParCrosR; ParCrosFrac; ParMigln; ParMigFrac; ParSelR]];
ALLinput=NeuralNetworkimp(ALLinput, ALLoutput)

% Lower bound
% Upper bound

% Evaluate fitness function to get the number of objectives

Fig. 1 A Matlab Script for InpNSGAII and NSGAII

3. An improved multi-objective optimization algorithm named Imp-
NSGAII

It is mentioned that the nature-inspired multi-objective algorithms are
mostly preferred in the design optimization of structural engineering applica-
tions due to their both higher search capabilities and simple search mechanisms.
Particularly, the genetic algorithms (GAs), a branch of evolutionary algorithms
has been accomplished to take more attention in the various engineering areas,
particularly structural engineering applications [29-36]. Therefore, their funda-
mentals have been frequently utilized to arrange the basic elements of multi-
objective optimization approaches.

The genetic algorithm approach completely mimics the main fundamentals
of Darwian’s evolutionary theory. Firstly, the decision (design) variables of op-
timization problem are appropriately coded in a chromosome. Then, the objec-
tive functions, which evaluate fitness (an indicator for the quality of chromo-
some), are determined depending on the preferences of designer. A number of
individuals composed from chromosomes are gathered to form a population.
Then, the individuals with a higher fineness values are selected, mutated and
reproduced to form the next population. This generation process called evolu-
tion is stopped when a termination condition, for example a predefined genera-
tion number is fulfilled. This simple but effective search strategy of genetic al-
gorithm has played a big role in the emergence of trend multi-objective optimi-
zation algorithms. The most popular one of these algorithms is NSGAII due to
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having a wide range usage in the various scientific fields [27]. The working
principle of NSGAII is fundamentally based on the usage of genetic operators
of GAs (crossover, mutation and selection) in the generation of promising indi-
viduals for next populations. Firstly, it is assumed that the individuals are col-
lected in the different sparse and crowded regions of solution space. Then, the
individuals are ranked considering the locations of these regions. In other words,
crowding distance values of individuals are ranked taking into account of pareto
ranking mechanism, which is responsible to assign a rank value began from 1
to the individuals. Thus, the best ranking individuals are selected and re-pro-
duced in order to generate the next populations. Therefore, the governing pa-
rameter values of genetic operators have a big impact on the computing capa-
bility of NSGAII. Although it is possible to determine the appropriate values of
genetic operator parameters thereby trying their different combination sets, this
approach will become not to be practical taking into account of its usage for a
different design problem. In order to overcome this bottleneck, NSGAII is im-
proved in a way of being utilized the neural network [17]. InpNSGAII is basi-
cally based on adapting the parameter values of genetic operators throughout
the evolutionary search thereby measuring the approximating and diversity de-
gree of individuals in current population. The computing steps of ImpNSGAII
are accordingly coded in MATLAB [37].

According to the pseudo code in Fig. 1, the fitness functions f1, f2 and f3
coded in a separate toolbox “FitnessFunction” are computed considering the
population x°, which is arranged according to the limits of design variables
Ib&ub (see Eqgns. (4-6)). Although the maximum design variable number “num-
berOfVariables” is taken as 8 (see Eqns. (4-6)), it is noted that the size of row
matrix named ParDN is determined depending on the number of size type de-
sign variables. The current optimization procedure named NSGAII and coded
in MATLAB [37] is essentially governed by a structure field, option. This struc-
tural filed contains both the genetic operators and their corresponding parameter
values. Firstly, the toolbox “Gamultiobj”, which contains the upper and lower
limits of constraints along with the corresponding parameter names and values,
is activated. Thus, the fitness functions are correspondingly computed consid-
ering the pre-defined design constraints. The toolbox “gamultiobjsolve”, which
automatically runs the two toolboxes “GamultiobjMakeState” and “‘stepgamul-
tiobj” has a responsibility of computing the procedure of NSGAII. In fact,
“GamultiobjMakeState”, which is responsible to perform both the genetic oper-
ations such as selection, crossover, mutation and the quality measuring-related

Table 1
The Governing Parameter Values of ImpNSGAII and NSGAII
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computation, is utilized in run of “stepgamultiobj”.(see ROUTINE2 for a fur-
ther detail about “GamultiobjMakeState” in Reference [17]). The toolbox
“gamultiobjsolve” firstly runs the other toolbox “GamultiobjMakeState” for
forming the beginning population in a way of utilizing options.CreationFcn, cal-
culate the fitness functions by “fcnvectorizer” and correspondingly order the
fitness functions by “rankAndDistance”. Following activation of “stepgamulti-
obj”, the main generation is terminated depending on the value of parameter
“options”. Generations. It is noted that it is defined a number of termination
options in the command “gamultiobjConverged”. “Stepgamultiobj” is em-
ployed to execute the genetic operations (see ROUTINEL in Reference [17]). It
is noted that two toolboxes “gadsplot” and ““gaoutput” can be utilized to plot a
number of different outputs, following the execution of migration-related oper-
ations.

X =| fix(x), LS, x3,x , fix(x)), fix(xQ), fix(xg), fix(x?) | (4)
Par py Par,y, and Pary, Parpy

ub=| Par,,, LS , Par,,,,Par,,, , Parg,, Par,, Par,, Par,, | (5)

Par py Pary;.and Pary, Parpy

Ib=| Par,, , LS , Par,, Par,, , Parg,, Par,,, Par, Par | (6)

Par py Par;.and Par, Parp,,

The governing parameters of both ImlpNSGAII and NSAGAII are defined
in the structure field “options” as “options.Genarations” Par;, “options. Popu-
lationSize” Par,, “options. MutationFcen {@mutationuniform.}” Pars, “options.
CrossoverFcn{@crossoverheuristic.}”” Par,, “options. CrossoverFraction” Pars,
“options. MigrationInterval” Pare, “options. MigrationFraction” Par, “options.
SelectionFen{@selectiontournament.}” Pars,

Parnnin (IMpNSGAII)

Governing Parameters 1 2 3 4 5 6 7 8 9 10
Pary 22 3 20 19 21 16 15 11 17 4
Par2 36 42 34 34 30 29 30 26 15 16
Pars 0.7099 0.4629 0.7059 0.6367 0.5906 0.4630 0.4550 0.4258 0.9034 0.4446
Pary 0.4990 0.3951 0.7810 0.4712 0.2297 0.8838 0.9060 0.1529 0.2113 0.3037
Pars 0.7356 0.7848 0.5574 0.7881 0.7740 0.2621 0.3183 0.6292 0.2972 0.4280
Parg 2 4 3 3 4 3 4 2 2 5
Par; 0.3316 0.8239 0.9441 0.9397 0.9543 0.5917 0.2362 0.6962 0.5181 0.8556
Parg 0.5863 0.4983 0.9625 0.1392 0.4255 0.8895 0.6899 0.4745 0.4170 0.6502

Parnnin=1 (NSGAII)

Governing Parameters 1
Pary 100
Par: 50
Pars 0.5
Pars 0.5
Pars 0.5
Parg 5
Par? 0.5
Parg 0.5

See the definitions of abbreviations for the aovernina parameters in Section 3

4. Discussion of results

In this study, the member and joint-related strength design constraints are
taken from APl RP2A-LRFD specification [28]. The influences of MRDC and
JRDC on the optimality qualities of designs are investigated. Furthermore, the
computing capability of ImpNSGAII is also compared by NSGAII algorithm
including the other optimization approaches proposed in Literature. A bench-

mark lattice girder and a general lattice girder, configuration of which are auto-
matically generated depending on a user-defined loading adjustment and span-
ning length are devised as the application design examples. In fact, these design
problems were also optimized considering only MRDC in Reference [17]. Thus,
it was shown that the optimal configurations of lattice girders simultaneously
satisfied the economy, load-resistance and serviceability-related design condi-
tions. It is noted that the load-resistance capability of lattice girders is deter-
mined according to the member forces.
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Table 2
Extreme Optimal Designs (OD) and Corresponding Design (D) Values (Design Example 1)
Size Type Design Variables®
s |a |8 |3 |8 8|5 |8|8|8|8|8[8|3|[8]|35]|:
3
2 ~ & N N N o N
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(MW) P8 | B | U3 | 9F | 08 | WS | 93| Y |08 | Y | L3 | QY | ug | Y| US| gy | ws
Tl de | g3 (a2 jwe |z | g8 |al (M2 a2 | G2 | al | Fe | G2 | FL | a2 | Fe
T o o o T o o o
o
N Co | Po | P Qo | w8 | P | P | 8 | Co | P | Co | Y| P | Y| o | Y
ooz | B | &S | B | bS | GBS | Es | Bs | Gc | ks |ds | Gs|Es| RS |Es | RS | Be | B
(MJD) NG W | we | ws |we | e | we |ws | Wwe | ws |we | ws | wd | we | w2 | ws | w
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Ref. [38] g S 8 S 3 5 S 8 3 8 R 8 3 g 2 8 o
(in%) S [} d [} @ 0 4 <} ~ [} < <} ) < [} IS [P
Ref. [39] 2 8 S 8 B o 8 g 2 8 2 g % 8 2 8 2
) 4 — > — =} re] 2 - =) — o — © s} [Te] — 79}
(in?) S =] S =] oo [T} 4 S ~ =] < S [} < 1) S [t}
Ref. [40] 8 ™ S o ™ = o] o 0 o © o o ®© ) ™ ~
) o o © D o O o ~ o N~ (=2} <t o [32]
(in%) @ = < = S 0 < = =) = S} = © & e = 0
=t o N o © T b} o ~ <] <~ o [} ™ w0 o [P}
Entire Weight Joint Displacement Maximum Member Force and Stress Llﬂi%?)?rp
Des1 2515.895 bt 1.217 in® 240.033% and 25.87 ksi* 28t
(MW) 1539.907 Ib® 1.492 in® 239.958 and 29.83 ksi®® 285
9416.272 Ib 0.288in 240.000 and 6.200 ksi 2
Des2 (MJD) 6386.020 Ib 1.999 in 1230.191 and 47.89 ksi 3
9134.793 Ib 1.605 in 1240.584 and 40.87 ksi 3
Des3 (MEF) 9847.947 b 1513 in 1240.472 and 36.80 ksi 3
Ref. [38] 2580.81 Ib N/A N/A N/A
Ref. [39] 2581.89 Ib N/A N/A N/A
Ref. [40] 2581.94 Ib N/A N/A N/A

al: According to Displacement, Member and Joint-related Design Constraints
a2: PIPST (Standard Tubular Cross-sections)

a3: PIPEST (Extra Strong Tubular Cross-sections)

ad: PIPEEST (Double-Extra Strong Tubular Cross-sections)
a5: According to Displacement, Member-related Design Constraints [17])

MW: Minimum Weight Value
MJD: Minimum Joint Displacement Value
MMEF: Maximum Member Force Value

Max. Forces

0A—

14000 12000 10;&]*

Pareto Front and Random Solutions
(Truss with 17 Members)

8000 6000
Weight (1)

4000 2000 2

Fig. 2 True Pareto front Design Example 1

4.1. A benchmark lattice girder design

This structural system is subject to a joint load of 100 kipf on the joint
number 9. It is defined as Design Example 1. The optimal design this simple
lattice girder was firstly carried out in References [38-40].

True pareto front with a red color obtained using JRDC&MRDC is pre-
sented Fig. 2. The governing parameters of relatively successful ImpNSGAII
and NSGAII is presented in Table 1.

In order to make a further investigation into the influence of JRDC on the
optimality quality of designs obtained, some extreme designs are tabulated in
Table 2. Considering Table 2, the minimum values of entire weight obtained
using JRDC are higher than ones obtained using MRDC. It is clear that an in-
clusion of JRDC into the design constraints causes to increase the construction
cost of optimal design.

This claim is also confirmed considering Fig. (3-5). Considering Fig. (3-5),
it is shown that the termination number of load steps is almost 3 for both MRDC
and JRDC. But, the unity values of JRDC are higher than the MRDC (see Fig.
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3g and 5@). Thus, it is said that the influence of JRDC on the quality of optimal
design has a big impact compared to MRDC.

When the unity values in Fig. (3-5) are considered, it is observed two design
constraints named axial compression&bending buckling and joint yield has a
big effect on the optimality quality of extreme designs compared MRDC due to
their higher values (see Fig. 3c,4c,5¢,3g,4g and 5g). In case of using the JRDC
and MRDC at the same time, it is also shown that the axial forces have a rela-
tively higher importance on the optimality quality of extreme designs due to
their higher values (see Fig. 3a,3c,4a,4c,5a and 5¢).

Unity Values (Unity axial)
(Maximum Load Step=2)1

6

Element Number

@

Unity Values (Unity AxialComgr " @Yucu'
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Unity Values

Unity Values

Load Step 1
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Unity Values
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°

s
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@

Unity Values (Unityg, )
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Unity Values (Unil_v)m )
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©
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Moreover, the variation of their unity values with respect to the member
(element) and joint (node) number is also sketched using bar-charts in Fig. 6.
Considering Fig. 6, it is seen that the load step numbers indicated the termina-
tion of nonlinear structural responses are identical for both MRDC and JRDC.

The important reason behind the similarity between results obtained is the
fixed geometry and framing configuration of benchmark design example with
17 members. It is expected that a change in the framing configuration of bench-
mark lattice girder leads to an activation of different JRDC and MRDC. This
expected result will be examined in the next design example with varying ge-
ometry and framing configurations.

Unity Values (Unity AialCompeerdingBu d__h"g)

(Maximum Load Step=2)

Element Number

©

Unity Values (Unity. i )
(Maximum Load Step=2)

Unity Values

s
Node Number

®

Maximum Displacement Values
(Maximum Load Step=2)

3
Node Number

Fig. 3 Variation in The Unity Values of MRDC (a-d), JRDC (e-g), Join Displacements (h) According to Load Steps Obtained for Minimum Weight (see Design Example 1in Table 2)
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Fig. 4 Variation in The Unity Values of MRDC (a-d), JRDC (e-g), Join Displacements (h) According to Load Steps Obtained for Minimum Displacement (see Design Example lin Table 2)
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Fig. 5 Variation in The Unity Values of MRDC (a-d), JRDC (e-g), Join Displacements (h) According to Load Steps Obtained for Maximum Critical Load (see Design Example 1 in Table
2)
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Fig. 6 The Maximum Load Step Numbers (see Table 2)
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Fig.7 True Pareto Fronts for Lattice Girderl (a) and Lattice Girder2 (b) and Lattice
Girder3 (a)
4.2. A general lattice girder
In this design example, a lattice girder with three spanning lengths and load-

ing adjustments are automatically generated at the design stage and defined as
Design Example 2 (see Table 3). Hence, it will be possible to determine the
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relative effectiveness of JRDC and MRDC on the quality of optimal design. For
this purpose, the upper joints of lattice girder, numbers of which is obtained
assuming as (length of span LS/division number Parpy). The design complexity
of lattice girder is sequentially increased in a way of applying three different
combination cases of total load and spanning length to the lattice girder auto-
matically generated (see Table 3). Hence, the influence of JRDC on the opti-
mality quality of lattice girder designs is also investigated depending on the se-
vere loading conditions and spanning lengths.

True pareto fronts obtained using JRDC&MRDC are presented Fig. 7 for
three different loading&spanning cases. The governing parameters of relatively
successful IMpNSGAII and NSGAII is presented in Table 4.

The results obtained from the design optimization of lattice girder, which
has an increasing design complexity (see Tables (5-6)) are firstly categorized
considering the proposed design unities along with the three different load-
ing&spanning cases and figured in Fig. (8-14) instead of presenting all of the
unity values as in section of benchmark lattice girder design. Then, these results
are summarized in the following two different grouping (see Table 7). Moreover,
the variation in the load steps with respect to the multiple objective functions
considering the optimal designs obtained from the execution of proposed opti-
mization tool is also included (see Fig. 15).

The influence of JRDC on the optimality quality of optimal designs is in-
vestigated in conjunction with MRDC. The variation in MRDC and JRDC uni-
ties are presented in Fig. (8-14) The extreme optimal designs are reported for
three cases of lattice girder in Tables (5-6) and also summarized in Table 7 con-
sidering the critical values of related unities. It is noted that the optimal designs
in Table 6 corresponds to the feasible design solutions corresponding to the
higher load value. The tabulated data in Tables (5-6) contains the resulted size
type design variables D1-D4, shape type design variables Pary;, Pary,, topol-
ogy type design variables Parpy of lattice girders including their objective func-
tion values and corresponding framing representations. Furthermore, the each
of these extreme optimal designs is sketched using bar charts to illustrate the
varying values of JRDC and MRDC-related unities with respect to the load steps
outcome from the nonlinear structural analysis (see Fig. 15).

It is mentioned that the cross-sectional properties for the members of lattice
girders assigned in a way of using the steel profiles which contains 37 different
circular-hollow-shaped cross-sections. These circular-hollow-shaped cross-sec-
tions are categorized in three different type class: “standard”, “extra strong” and
“double extra strong”. In fact, this categorization is made depending on an in-
crease in the cross-sectional thickness and related cross-sectional properties.

The values of Unityaxia and Unitysnesr are increased due to a decreased use
of diagonal members in the construction of tubular lattice girder, which have a
responsibility to decrease both the shear and the axial forces of each members
connected to a single node. In fact, the other negative effect is arisen from the
use of steel profiles with standard type tubular cross-sections instead of double
extra and extra strong ones (see Fig. (8-9) and Tables (5-6)). In general, the
weight minimization is not only one of the main reasons behind the higher val-
ues of these unities, but the maximization of forces has also a relative responsi-
bility (see Table 7).

The increased assignment of steel profiles with the standard type tubular
cross-sections to the member of lattice girder causes to increase the values of
UnityAxiaICDmpr&BendingBuckling and UnityAxiaICompr&BendingYield due to the decrease in the
two profile cross-sectional properties, the diameter and the plastic section mod-
ulus (see Fig. (10-11) and Tables (5-6)). In general, the weight minimization
has a responsibility of increasing the values of these unities (see Table 7).

The use of steel profiles with decreased diameter and thickness as a chord
member rather than a brace member causes to an increase in the values of Uni-
Y sointaxial N UNitysoineaxiaiesending (Se€ Fig. (12-13) and Tables (5-6)). The maxi-
mization of member forces has a main responsibility in the increase of these
unities. But it is also noted that this increase is also relatively arisen from the
weight minimization (see Table 7).

An increase in the middle height of lattice girder along with the use of de-
creased cross-sectional thickness for the chord members, which is indicated by
Paryy, causes to elevate the values of Unityinyieis (S€€ Fig. 14 and Table 7-8).
Whereas the minimization of joint displacement generally leads to an increase
in the value of Unityseintvies, the weight minimization also increases this unity
value (see Table 7).

The contribution of JRDC to the optimal lattice girder design is also clari-
fied by examining the maximum load step numbers (see Fig. 7). Considering
Fig. 7, it is seen that the load steps numbers corresponding to both JRDC and
MRDC are equally terminated. This result implies that the inclusion of JRDC
into the current design constraints regarding to MRDC affects the quality of
optimal designs. Furthermore, the obvious evidence that supports this claim has
already presented with the lower values of maximum member forces obtained
using JRDC with respect to the higher maximum member forces obtained using
the MRDC (see Tables (5-6)).
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Table 3
The Proposed Lattice Girder Patterns and Corresponding Values of Their Design Variables
I Lattice Girder 1 Lattice Girder 2 Lattice Girder 3
Arrangements for Spanning, Loading and Material Conditions
Assignments to Describe The General Structural System
Total Load Value 70 kipf 140 kipf 150 kipf
Length of Span 393.70 in. 393.70 in. 787.40 in.
Maximum Node Deflection. 3.941in
Material Yield Value 36 ksi
Elasticity Module 29732 ksi
Arrangements for Size Type Parameter Paryp
Parnp 4 4 4
Parupv 37 37 37
Par pv 1 1 1
Arrangements for Topology Type Parameter Paryp
Parupn 15 20 40
Par.pn 5 5 10
Arrangements for Shape Type Parameters Pary; and Pary,
Pary. 35.433in. 47.244 in. 59.055 in.
Parg 1, 23.622 in. 23.622 in. 31.496 in.
Parym 23.622 in. 23.622 in. 31.496 in.
Par 3.937in. 3.937in. 7.874in.
Table 4
The Governing Parameter Values of ImpNSGAII and NSGAII
Parwnin (IMpNSGAII)
Governing Parameters 1 2 3 4 5 6 7 8 9 10
Par 11 2 13 23 20 6 2 17 19 4
Par; 26 30 45 35 23 37 45 49 25 38
Pars 0.9395 0.5844 0.5096 0.9253 0.2656 0.8872 0.4593 0.2620 0.6779 0.7484
Para 0.5498 0.3828 0.2768 0.7763 0.2533 0.6058 0.1762 0.8198 0.5180 0.2030
Pars 0.4906 0.2777 0.7328 0.1986 0.6586 0.3603 0.5689 0.2499 0.4431 0.4590
Pare 2 2 3 3 3 4 3 3 5 2
Pary 0.3672 0.5450 0.3270 0.9784 0.2720 0.4395 0.4759 0.1527 0.7711 0.6486
Par 0.6337 0.5551 0.4679 0.4774 0.4204 0.1606 0.4266 0.9318 0.3035 0.8082
Parnnin=1 (NSGAII)
Governing Parameters 1

Pary

100
Par:

50
Pars

0.5
Pars

0.5
Pars

0.5
Pars

5
Pars

0.5
Parg

0.5

See the definitions of abbreviations for the governing parameters in Section 3
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Table 5

Extreme Optimal Design (OD) Values (Design Example 2)
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Lattice Girder 13

(Length of Span=393.7 in.
Total Load Value=70 kipf)

Lattice Girder 22

(Length of Span=393.7 in.
Total Load Value=140 kipf)

Lattice Girder 3%

(Length of Span=787.4 in.
Total Load Value=150 kipf)

OD1 (MW) OD2(MJD) | OD3(MMF) | OD4 (MW) oD5 OD6 (MMF) | OD7 (MW) | ODS(MID) | OD9 (MMF)
(MJD)
Paron 14 0 “ 6 8 B 2 2 20
Parm 13.973 3272 22.065 5.925 2372 15.705 29.098 28.857 17.219
Pariz 24.818 34.858 34.089 33.076 42.666 44371 44.018 58.837 54524
a2
D1 PIPEEST 2 PIPEEST 6 PIPEEST 6 P'PSST P'Pl'ZST P'i’gT PIPEEST 3 P'1PZST PIPEST 12
D2 P;i?; PIPEST 10 PIPEST 12 P”ZST P'P%EST PIPEST 10 P'PEST PIPEST 12 PIPEST 12
PIPST PIPST PIPEST PIPST PIPST PIPEST
D3 >y o PIPEEST 6 i o PIPEST 12 > o PIPEST 10 -
o4 PIPEST CIPEEST 6 PIPEST PIPST PIPST OIPEEST 5 PIPEST oIPEEST 5 PIPST
2 6 6 12 2 10
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See the definitions for sub&superscripts and other abbreviations in Table 2
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Table 6
Extreme Optimal Design (OD) Values (Design Example 2)
Lattice Girder 12 Lattice Girder 22 Lattice Girder 3%
(Length of Span=393.7 in. (Length of Span=393.7 in. (Length of Span=787.4 in.
Total Load Value=70 kipf) Total Load Value=140 kipf) Total Load Value=150 kipf)
OD10 (MW) [ OD11(MJD) | OD12(MMF) | ODI13(MW) | OD14 (MJD) 0D15 (MMF) 0D16 (MW) 0OD17 (MJD) | OD18 (MMF)
Parpn 6 6 14 6 6 6 16 30 20
Paryy 15.731% 19.692 22.065 10.819 17.521 15.705 20.036 27.091 17.219
Parwxz 34.739% 32.518 34.089 42.646 45.525 44.371 59.027 58.437 54.524
PIPST PIPEEST PIPST PIPST PIPEST PIPEST
D1 10 PIPEST 12 5 10 PIPEST 12 10 12 PIPEST 12 12
PIPST PIPEST PIPST PIPEST PIPST PIPEST
D2 6 PIPEST 12 12 10 PIPEST 12 10 12 PIPEST 12 12
PIPEST PIPST PIPEST PIPEST PIPST PIPEST
D3 3 10 PIPEEST 6 10 PIPEEST 4 12 ) PIPEEST 5 10
PIPEST PIPST PIPEST PIPST PIPEEST PIPST
D4 312 12 6 12 PIPEST 10 5 PIPEEST 5 PIPEST 10 10
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See the definitions for sub& superscripts and other abbreviations in Table 2
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Table 7

The Categorization of Extreme Optimal Designs Considering The Critical Unities (see Table 5-6)
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Fig. 8 Variation in The Values of Unityaxial in MRDC for OD1 (a), OD4 (b), OD9 (c), OD10 (d), OD15 (e), OD16 (f) According to Load Steps (see Tables (5-6))
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Fig. 9 Variation in The Values of Unityshear in MRDC for OD3 (a), OD4 (b), OD9 (c), OD10 (d), OD13 (e), OD18 (f) According to Load Steps (see Tables (5-6))



Tugrul Talaslioglu

Unity Values (Unity , .\ compraBendingBuckling
(Maximum Load Step=2)

o4
®

e
o

60

S
=

Unity Values

o
=)

30
20 Element Number

=3

Load Step

@

Unity Values (Unity , .1 ompraBendingBuckling
(Maximum Load Step=3)

o
@

5
S

25

Unity Values
S 3

10 Element Number
2

1
Load Step

(d)

Unity Values (UnityAxialCompr&BendingBuckling)
(Maximum Load Step=2)

bl
®

e
o

20

Unity Values
o
-

o
[

10

=3

5 Element Number

Load Step

(b)

Unity Values (Unity, . icompraBendingBuckling
(Maximum Load Step=3)

4
®

e
o

20

Unity Values
=3

e
>

o

5 Element Number

Load Step

©

195

Unity Values (Unity s .| compraBendingBuckling
(Maximum Load Step=3)

e
3

e
o

o

Unity Values

e
5

Load Step

©

Unity-Values (Unity , o1 ompraBendingBuckling
(Maximum Load Step=3)

Unity Values
° o o
=) 2]

o
I

30

3
Load Step

®

Fig. 10 Variation in The Values of UnityAxialCompression&BendingBuckling in MRDC for OD1 (a), OD4 (b), OD9 (c), OD10 (d), OD13 (e), OD16 (f) According to Load Steps (see

Unity Values (Unity , i1 compraBendingield!
(Maximum Load Step=2)

e
»

oS
o

60

S
=

Unity Values

e
5]

30
20 Element Number

=3

Load Step

@

Unity Values (Unity o o compraBendingYield)
(Maximum Load Step=3)

o
®

4
o

25

Unity Values
2

o
I

1 Element Number
2.

T
Load Step

(d)

Tables (5-6))

Unity Values (UmwAxialCoanr&BcndingYicld)
(Maximum Load Step=2)

Unity Values
A
o w

o
5

10

-3

s Element Number
Load Step

(b)

Unity Values (Unity , o\ comprsBendingYield
(Maximum Load Step=3)

Unity Values

Element Number
Load Step

©

Unity Values (Unity , o1 compraBendingYield
(Maximum Load Step=3)

Unity Values

Load Step

©

Unity Values (Unity , o\ compraBendingYield
(Maximum Load Step=3)

Unity Values

Load Step

®
Fig. 11 Variation in The Values of Unityaxiaicompression&gendingvield in MRDC for OD1 (&), OD4 (b), OD9 (c), OD10 (d), OD13 (e), OD16 (f) According to Load Steps (see Tables (5-6))



Tugrul Talaslioglu

Unity Values (Unitymn e ‘N)
(Maximum Load Step=2)

Unity Values (Unity, i Y

Unity Values (Unity]oilItAxi )
(Maximum Load Step=3)

(Maximum Load Step=3)

°
@

i Lo
< 30 s
& 204
£ E‘
= 2 =02
15 Node Number
0
E)
Load Step
C
@ (b) (©)
Unity Values (Unity 3 ) Unity Values (Unity i m) Unity Values (UnitymIl |Aml)
(Maximum Load Step=3) (Maximum Load Step=3) (Maximum Load Step=3)

(@

(e) ®

Fig. 12 Variation in The Values of Unityaointaxial in JRDC for OD1 (a), OD6 (b), OD9 (c), OD10 (d), OD15 (e), OD16 (f) According to Load Steps (see Tables (5-6))

Unity Values (Uni‘tymn A Bo d.ing)
(Maximum Load Step=2)

@

Unity Values (Unity; ... o ia16 Bending)

(Maximum Load Step=3)

Unity Values

@

Fig. 13 Variation in The Values of Unitysintaxial&se

Unity Values (Unity_‘m_n — di“g)
(Maximum Load Step=3)

Unity Values (Um'tymm Bending )
(Maximum Load Step=3)

°
»

°
S

°
=

Unity Values

°

Node Number

Load Step 1
(b) ©
Unity Values (Unity, b ending) Unity v“‘“‘f‘ (Unity, i Axials Bending
(Maximum Load Step=3) (Maximum Load Step=3)

Unity Values

®

©)

nding in JRDC for OD3 (a), OD6 (b), OD9 (c), OD10 (d), OD15 (e), OD16 (f) According to Load Steps (see Tables (5-6))



Tugrul Talaslioglu

Unity Values (Unity o)
(Maximum Load Step=2)

e 2 2
o ®»

Unity Values

4

5
°
P

Unity Values

10 Node Number 0

=

Load Step Load Step

@

Unity Values (Unity; . <1 )
(Maximum Load Step=2)

30

Unity Values
Unity Values

15
10 Node Number

Load Step
(d)

Unity Values (Unity Joint Yiels d) Unity Values (Lmlywmn,‘el d)

(Maximum Load Step=2) (Maximum Load Step=2)

Unity Values (Unity, . )

(Maximum Load Step=3)

197

®
Unity Values

25

% Node Number

10
Node Number

2,

3
Load Step

(©

Unity Values (Unity JoikYicl d)
(Maximum Load Step=3)

Unity Values

Load Step

®

Fig. 14 Variation in The Values of Unitysointvied in JRDC for OD2 (a), OD5 (b), ODS8 (c), OD12 (d), OD13 (e), OD16 (f) According to Load Steps (see Tables (5-6))

3 4 3
5 5
2 = 23 £
g § £ &
& 22 g 4
° °
Z z z 2
5 & g2 2,
A A Z 2
o
K g E E
1 = = 2
' 8 &1 5
5 - = -
Designations Designations Designations
@ Q) ©

W

)

1

W

Max. Load Step No (Member)

Max. Load Step No (joint)
)

Designations

Designations

Designations

(d (O] ®

Fig. 15 The Maximum Load Step Numbers (Lattice Girder 2 (a-c) and (Lattice Girder 2 (d-f)) (see Tables (5-6))

5. Conclusion

The design of geometrically nonlinear lattice girders was optimized using
the optimization tool named ImpNSGAII, which was obtained in a way of hy-
bridizing the optimization algorithm named NSGAII and a neural network ap-
proach [17]. The member-related design constraints (MRDC) were taken from
the provisions of APl RP2A-LRFD specification [28]. In this study, the design
complexity for the proposed optimal design approach in Reference [17] is in-
creased thereby including the joint-related design constraints (JRDC) into the
current design constraints. Hence, the influence of JRDC on the optimality qual-
ity of designs is investigated. Furthermore, the computing efficiencies of both
ImpNSGAII and NSGAII are also compared by optimizing the benchmark lat-
tice girder and general lattice girder. The following primary observations are
summarized as given below:

i) In spite of increasing the design complexity, InpNSGAII achieves to ob-
tain the optimal designs with higher load-resistance, economic and serviceabil-
ity features through its self-adaptive mechanism. However, the simultaneous
use of JRDC along with MRDC causes a divergence in the construction cost of
tubular lattice girder due to an increase in the entire weight of optimal lattice
girder.

ii) It is shown that an inclusion of diagonal members into the framing con-
figuration of automatically generated lattice girder increases the capacities of
both member and joint-related strengths. However, the lack of diagonal mem-
bers in the framing configuration of lattice girder along with an assignment of
relatively lower cross-sectional thickness to the members causes to increase the
sensitivity in both member and joint-related unities.

iii) It is observed that the joint yield-related design constraint achieves to
be the most determinative one among the other joint-related design constraints
due to its higher values.
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iv) Considering the extreme optimal designs, the solely use of proposed
three objective functions, entire weight of lattice girder, its joint displacements
and its member forces causes to prevent a tradeoff analysis among these objec-
tive functions. But, it is shown that a simultaneous use of these multiple objec-
tive functions correspondingly provides both to make a concise and reasonable
evaluation of MRDC and JRDC-related design constraints and to obtain optimal

lattice girder designs with relatively higher joint and member strength capacities.

Consequently, this challenging optimal design approach achieves to ex-
plore the optimal lattice girder designs with higher load-resistance capability
thereby increasing the design reliability through the usage of JRDC along with
MRDC. Therefore, ImpNSGAII is recommended to obtain an optimal design
configuration for the lattice girder according to a pre-defined spanning length
and loading adjustment.
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