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1-Introduction

Optimum design of structural engineering problems,
especially truss structures, is a very challenging task due
to the presence of design constraints such as stress and
displacement. In most cases, these constraints are defined
in a nonlinear and dynamic way, which makes the
optimization algorithms local in the optimum. Classical
high precision causal methods take time to arrive at the
answer. This increases the number of calculations. On the
other hand, meta-heuristic algorithms produce acceptable
answers for this type of problems using special
programming techniques and operators. The standard
special relativity search algorithm is unsuccessful in
solving this group of problems due to the lack of
coordination between the two important cases of
exploitation and exploration, and the local optimum
converges. In this research, two new techniques are
introduced and implemented to improve the performance
of this algorithm. The descending modification algorithm
has been used as a complementary algorithm for gravity
search. The movement step of the algorithm is controlled
using special coefficients. Also, studies show that creating
a dynamic population proportional to the convergence rate
improves the performance of the algorithm. To prove the
effectiveness and method of the proposed method
compared to other advanced methods, their results are
compared. The results show that the proposed algorithm
has constant evaluation compared to other previous
methods and has created a suitable balance between
exploitation and exploration.

2- Formulation of the Optimization Problem for Sizing
Obijective functions that can be used to measure the quality
of a design include minimizing construction costs,
minimizing lifecycle costs, minimizing weight,
maximizing stiffness, and many others. Typically, the
design is constrained by factors such as material selection,
applicable strength, node displacements, natural
frequencies, loading conditions, support conditions, and

technical limitations (such as the type and size of available
structural members and cross-sections, etc.). Therefore, it
must be decided which parameters can be varied during the
optimization process. These parameters are then
transformed into optimization variables. As a result, the
truss optimization method is formulated as follows:

N,
minimize W =Yy 1A
e=1
o' <o, <0 (1)
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subject to

3- Development of the Special Relativity Search
Algorithm

The Special Relativity Search (SRS) algorithm is an
intelligent algorithm inspired by the interaction of particles
in a magnetic field and simulated using the principles of
special relativity. The optimization variables in the
algorithm are essentially charged particles moving with
velocity v in a magnetic field. The force that drives the
movement of particles in the magnetic field results from
their interactions with one another. The main step equation
of the algorithm is calculated using Eq. (12).
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In the context of optimization, the gradient refers to the
vector of partial derivatives of a function with respect to
its variables. It indicates both the direction and magnitude
of the steepest ascent or descent of the function at a given
point. Mathematically, if we have a multivariable function

*Manuscript received May 10, 2024 , Revised January 19, 2025, Accepted March 16, 2025.
1 PhD Candidate, department of structural engineering. Shahid Bahonar University of Kerman, Kerman, Iran.
2 Corresponding author. Assistant Professor, Faculty of Civil Engineering and Architecture, Shahid Chamran University of

Ahvaz,Ahvaz, Iran. Email: v.goodarzimehr@scu.ac.ir



https://civil-ferdowsi.um.ac.ir/article_46484.html?lang=en
https://civil-ferdowsi.um.ac.ir/article_46484.html?lang=en
https://civil-ferdowsi.um.ac.ir/
https://orcid.org/0000-0001-6268-1890
https://doi.org/10.22067/jfcei.2025.88012.1297

Farnaz Salajegheh, Vahid Goodarzimehr

50

f(x1,x2, ..., xn), the gradient is denoted as Vfor grad (f)

and is defined as follows:

vfo| L o 13)
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Each component of the gradient represents the rate of
change of the function with respect to the corresponding
variable. The convergence changes for the alpha
coefficient are shown in Figures 1 and 2.
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Fig. 1. Convergence of the Algorithm with Very Large
Values of a
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Fig. 2. Convergence of the Algorithm with Very Small
Values of a

4- Evaluation of Structural Engineering Applications

In this paper, a total of three truss structural systems with
various loading conditions and design constraints have
been selected as benchmarks to demonstrate the
effectiveness of the SRS algorithm. The computer codes
for the algorithm and structures were developed in the
MATLAB environment, and the truss structures were
analyzed using the direct stiffness method. The best design
is determined through 10 independent runs for each
problem. To evaluate the performance of the SRS method,
three well-known structural engineering problems were
considered: a 52-member planar truss (with discrete
variables), a 72-member space truss (with both continuous
and discrete variables), and a 160-member space truss
(with discrete variables). In this study, the algorithms are
evaluated based on the best, worst, average, and standard

deviation of the results, as well as the convergence speed,
and are compared.

6-Conclusion

In this study, one of the latest metaheuristic algorithms,
called Special Relativity Search, was developed for
optimal structural design. The Special Relativity Search
algorithm is a single-objective, population-based
metaheuristic that, inspired by the interaction of particles
in a magnetic field, has successfully developed an
optimized algorithm. The mathematical equations used in
this algorithm were first developed for practical
application based on the theory of special relativity. Due
to the effective application of this algorithm in the past two
years, it has been widely used to solve various scientific
problems worldwide. However, considering the
background of metaheuristic algorithms, these types of
algorithms are incapable of optimizing all problems.
Therefore, they require revision and development to solve
new problems. In this research, the gradient descent
algorithm was used to increase the accuracy of local
search. The performance of the gradient descent algorithm
is dependent on various coefficient values. For this
purpose, a sensitivity analysis was developed to select the
best coefficient. Finally, to prove the effectiveness of the
proposed method, several structural engineering
optimization problems were solved. The results show that
this method performs more effectively than other past
methods. It is worth mentioning that with this algorithm, a
new range of problems can be optimized in the future.
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Improved Special Relativity Search Algorithm for Optimal Design of Truss Structures
Farnaz Salajegheh Vahid Goodarzimehr

Abstract Optimal design of structural engineering problems, particularly truss structures, is highly challenging due to
the presence of design constraints such as stress and displacement. These constraints are often defined in a nonlinear
and dynamic manner, which causes optimization algorithms to become trapped in local optima. In contrast, metaheuristic
algorithms generate acceptable solutions for such problems using specialized programming techniques and operators.
The standard Special Relativity Search (SRS) algorithm fails to solve these types of problems effectively due to the lack
of coordination between two crucial parameters: exploitation and exploration, leading to convergence to local optima.
In this study, two new techniques are introduced and implemented to enhance the performance of this algorithm. The
gradient descent algorithm is employed as a complementary method to the SRS algorithm, with the movement step
controlled using specific coefficients. To demonstrate the effectiveness of the proposed method compared to other
advanced approaches, their results are compared. The findings indicate that the proposed algorithm has a higher
convergence rate than previous methods and successfully establishes a proper balance between exploitation and
exploration parameters.

Key words Optimal Design, Special Relativity Search Algorithm, Metaheuristic Algorithm, Soft Computing, SRS.

b e VETAYYS O 5k S AARMATAR IRV ARG IR @JU*
bSOl S b gl oKl (Ol jes wdige it il (5,585 (g gmiils (V)
Email: v.goodarzimehr@scu.ac.ir .l sal olsal Ol ez dogd o815 ((olams 5 Ol jas pdige 8AKES cojles Ol jas Hbslins] (J shme Sy 55 (Y)

o


https://civil-ferdowsi.um.ac.ir/article_46484.html?lang=fa
https://civil-ferdowsi.um.ac.ir/
https://civil-ferdowsi.um.ac.ir/article_44507.html
https://civil-ferdowsi.um.ac.ir/article_44507.html
https://orcid.org/0000-0001-6268-1890

b slaoile g UL (sl ol S St ot 55 s

oy

S (5l Ay S g

Glabi L B S5 S 8] OLes 5 Kss
Sl sl b ol sl Lo sl a8 (gl sl
e S5 s S s bl sl Jod gl 4 8
5 g o3I (sl e 4 S5 0, S OF s a8 s S
e el sl 35l e S S sl s
Slaite 53 b i G b it oL sl L S
A By oy e S el S5 w8 s S5
S Ll LS o s 1) 3l a2 Ked g 5 355 8
5 Shslr oS sledy s pl 8 Gl B A
aoy M p S35 s Os mls Lk odsl sl [9] OLlSes
e 5 Lsls slely (gile g Lolie gl S e O 50
R T N T 3 | W IO T Vi D
el e a0 S 5s Lls i sl
Sledy (anl sls Boae | 2 &S C‘)/\S (S s (..:i)jil\
os13 ay e [10,11] O 5 e (555055 L5 S
w8 5 ol e St s S Gl
5 e sbaeile ol sl ile e sl sl 6L
Lo J g b S [12] OL e 5 (6l Asls anen 5 205 5elS
2 U s 5 sl 4 e Dlinie aale gl el
Oleals i S slgley o311 (g3l wge Sl 2 (P o ooy (Slae
Sl S Sl ok S5 By K [13] 0L Ses
Sl g e 650l 5 el Sl LY e i
A3 gad slgnda e 3 o3Il (5l a0

585 Jds e A1 sl s, Al oLl oS shiles
SR s Jlinal 550 gl 03 28 cb“ 53 Sy Sl
4SSl gt s S Sl o, SIS Ll b S
3 ok Sileaig i Gl el Jel) (8L
J= ol 8L o pd e 4, Hl sl | g A B as 1k
s ol > kST b a3l SleSbl bl s g LB
S50 (Ol 5 Glnlms 0518 dile) 5 5dme il 51 315
o SOl g Bilas e o Gl USRI ek ol
Slles Slagss ;s ot aas 5 glas,slins o 5 a5
S ooy anv g 4 | a5 aS 35l sy ol Al
N NP U{' T NE PPN
Sl o ok o5 O iy Jae 5 il (5 IS 3

4o s

togr b Gly e ladle s ) g glaen Sl
Ao a8 ledy) pl sl sdd 03ls axv 5 ol 2 glaesle
(23S el s o 3 Ol oo ) il 0352 o G850 555
g (ool IS0 gl ag (0 L ol gl v
woole @bl O3 dsl Bay 02 . ob A SAns ol
b e seais Ol e 4 Lasl shade v 5 Ss U5 0l 5o
Ol 4 o S Jlail latsns g3 g, 53 i o i 25
Loz 2 s 055 Lsdpe a8 S B > (b i

CAEL e el awks s a5 b
oIl (3l g bl e (65585 5 Ll GudS (ol 5o
055 035 @S Sl &b ) pl 55 A3k e a5 35 5
e BLS | o3l 035 S sl 5l e ol lgleYl
05,5 0eS 53 gy sdowe g oo 43503 OF (ML L
058 @S gy cpl o ol 5l xal sl 55 05kl 05
e s 03,5 €S L 4y 3l e Liel clads mlas
5 dob Wl b bl Al o SRS 5 el O35 20
1] sl e ol (3l w13 s Bl o puasin 035
Sl g Slp gt e (sl s Sl as 3 55
G Gais ol 45 Sl sdd edls amweg o3Il
Loy Gy o [2] 0 5 il 55,8 0 S5 lacy tege
awds ol by 5l Jigme Sy 4w b sl s
Ao S A1 ey o3l s 3L O amio ol > (S35 8 s
5o s gl b L SO oo Bl sl ) o
(.:wij\ S [8] OLKaa 5 oslS ol sis Jlesl o3l
5 Sl e sl g o1 S s Gl L oSS
GFl S s sl 1 el el 265 oSl
Ldr (lwdg (.:wjii\ K ols anw g e (S gt
Sy Sl aS el cank Sl Seldl s Camer e
et b o Sk 3 Codd S 5 Suls s S5l
33 [45] OLes 5 e (655555 S oo dlis sus Sl
wbad 5 s oL laesle (il ag Gl n ns s
Sl gy 5 L3 sledy e s Sledsy sl
Ak s SSI6,7] Ooan 5 Slias sl plil 1 651
ks amn 5 e B 5 b laesle o3Il (g5l a5
Ll besle 5l slie g5 55 s opl 3l eslinad b Ll

!ﬂ?‘g;ajw‘w" _}‘;wzJLw

93 Ol es ndiga 4



oY

e (535S s —aizdl U S

UES 5 opiindin Gt a5 il sl 48l
(8,593 iz 53 [43] Wles S eslizul aesle Jed bl g
Sl l3se 53 Glas s (TIA) sl ol 5 215,
GLoladl Sl eleal b dlader iy il o
5 6Sler s [45] Whosls &yl |y ol 55 6 alis
L obosle s oot plulis 4 (V) 550 goas]
MOPSO bisi JalSE (6 3losings (sl S S eolina
5 A G0 S (mzen [46] Llatls , MOEA/D
Flas Slas bl wlps sy & (1070) 0L
S s 4] Klastls Ok okl s lasla
Fls o (V) OLKGn 5 e o008 o Sl
Sheslinal badd wa¥is 0 S 0 Olmio o (gileang
o 5 SIS [47-49] lastls ,y ad iy Lguv.g)}@\
sl Ly pab  Salys SL ool sl glasB (Yo )
S I 3 [50] s S (gSlutas Jrlee S5 0 S S
e e Sl s b el (Y910) O,Ses 5 el
5k S5 e (g gmier ot SIS eslinal L1 Lae L
[51] Lsls anw s
s bl wp Sk ke w0 Gl Lo
Ll L 0315 ann g [14] Lol Cond (G gt ('-:-i)jﬁ\
w S g S S Kb 5 bk alie
Jolss @i S nl sl ol e (gt
A s ol (Sl L L s D3 Ol 4 S gt
S b Sl e 3 033 2 S J= 3 disd e B S
J ol oo n Canise als ol s plr L bl
Ul L Juls o o8 I s i s > 5l 08
Sy Ologen j5b 4 558 0 03l sl Gua K
oty o ol e 4 3 s S > sl bl
Bl > Wl ol Cd (st 02y S 23 8 e
W I baS Joe el 5 (oo 8 Sl 3L ag
o G Ul 5 SN pl S A OLES s
sSen a glies Sl wal i Lo 5 i
5 ol SUSS e 5l Sl ul 2 sk 4 s st
Ll ol eslixal Lol ﬁ)}g‘ s Shas s ¢l L
0Ll S s 5 e S cpl Samier S g Sl
J= Gl Gmmmer Sl o eslind e ol L (o5

T e e e
358 e e ey ol o smege 3 oIS aalsl 53 s
a1 s S S [14,15] 0L 5 s 53355
5 ol Sl Gt 2 Ul o g
oA S sl i 53 5l S ol el sl
Olge 4y ublian Oliwe S 53 Ol Hld, gl i s .ol
SVsbes plad LU sl gl ps o 3 5 Sl g S
el 03 8 (il 2] ol d S gles
ool o b Ll leag s S [16] ST 5 d)
- el slgly 50l 4S8 Ol ST sl 55 51 (S
3P MW Ky S b sl S S 5 S KL
SB Gl kol Shs Oas olal 5 S e bl Ll
el b 6 S il S Ko e s oS b s o
OLen 5 dn gl o 0lelS i G ol 158
SN (Silatngs ol 4 il (Sl o, SIS [17]
Sl e 056 (S ) & Lsad slgdy g0 58
056 LS o ME 1 Gilutng 2K Sl Bl
2345 1) eme S8 ke oS el ()50 S8 056 S g e
Lieopiie Jm bl o o 5 05 4 Sligles S
o U S e S 1) 5B reas S, oS epl S e
“og 3l 5 LS Dolate gt lab o 1) SLAST 5 (gl
w18 Sl 5 oslS S (6 S e
w8 Olpe co ) Cad Sl el b i (leaigs
S S [19] e 5 sl s e slgi O 5oal,
Gl g dolio gl o, SO ST Olge o L
Slas ol o) S [20] OO 5 (g5 0 2 sls wmn 5
ALy a5 Ol hls (slatans
il 558108 6ur;,")j§iu oy el Slidss
WJle Olgs ap Llaztls  glosle sagtunn 3lotng ¢l
2o st (0D e ds Slal 5 pddl lelond
2 LB wp Caadse el sl 256515 sl S
el 3 (ISl p el s o lesls 1) (5 lee sl IS
3 el oraen [A1] ol onls OLS e la 2 L
e Ga b s e B (YD) 0L
[42] Wlos S o) 2 15 ol Jlad J 8 3 S oSl
S5 eSS Sladle 5 ol S J s

32 O pas pwligo 4

]F'F‘J)a)L«J‘mb"L j‘;«fd[w



b slaoile g UL (sl ol S St ot 55 s

¥

o ALy 035 e ol 3 JS 035 W 0T s oS
2 5 ke mhaw Ae ol pas a d b e | Hllas
Sty sgdme LL oomen b Joe pl ool Ll
S 03,50 p e Jail a3 1y s se 8 Gl sl oe S
4 dey GU oo 3 Ols e g s gdmn pl J xS (6l

2 S eslinal 3 s
ifo! < 0, < oYthengt =

ifo, < o'oro, > o

Ge—olt
theneé = |eGT|

™)

0% = Xel 0 )

B Lsle S bl plmlr osle olul J xS sk «

Al sl Sl wl 035 a8 L il S L
oSl bl (Rl 4 e alin ol [RalS al el
ol b aS Shso 55 058 o ot s, ld8 L Cos
@ e @dlel J S 1 b obulr ol csle ST

bbb I8 sln 25 stidsn b 238 oo o5l (B3

el o S sl
if8! < Scyzy < 8
then@gy,» =0
i8¢ (xy.z) < 8'or...
Setey) > 8 Py = |a(yﬁ+sll
(f)
0f = Zelilog, +0fy + 0f) ©)

)M&Lﬁ@{bﬁ&ﬂ)‘ L;.SJS vﬁL@.JMﬁch
\|/k=(1+(|)]g+(|)]gg *)

oles 3l eslanwl L d CK 53 dag o polie acaloes Sl
.J:ﬁdﬂa C}Mo\ RV GU )

FX = yk wk V)

o%:ﬁozwtkﬁ:w” )‘;W” 5 ;WLSM" T LS:""‘-“*
Galgig sy O S 5 O3 63,8 Sl gl e
.g:,..,;\a,\.igjfaj\)(}ib%fljbA;:A)'):‘_;lajbdimﬁm

Sl e s See flwe Slazas ol >

o311 (g5l dingy i gk g0
S48 j—\)b C":"".:SLSJ; e)‘.b‘ LS‘J" Jw\}SL;a S Cida Cb;
Pl cwsle g Bl ) ws)le L,S 15 esla
JJ}"’;SL?’;}‘ ,..>=~u jﬁ‘bJQ)}J}lJ}cﬁbﬁwﬁ
bl il pacossdon U >l b Jsere ssb 4 K00
38 Lgl.auw;lsfe ‘Lhejf v.;[z-.:l} c\f>\ JJL.; fl&;&u‘ 46@
JuJLA) ‘;\_9 LSLAC,\i.))W B JL:L.L.: .ﬁ;‘J& 45)‘;&)@ .))\}.A
(ojz.é« 9 CEJ.A ijaw 5 2950 é‘AJLw 6Lﬁ.¢| o)"Ju'\ 9 Cj;
Sl e 33 S S5l ang Al b s Ol s |y
slabrle Ll o bl ol aug gl e 4 s 2l
Sla e 3l il g5 A Lol oo Vgann | PRI
kn la e (V) coslhl sla i (V) s S can g8 > b
GJ\J\J\ u’.‘.'.‘.'*j “ o)\.LJ szl.w g Lﬁgﬂjjjﬁ); 6L¢ﬂ.’.’;ﬁ O~> 9
‘5JLW%J}';’L5‘ J&yjﬁw‘\.\ﬂ“&;)‘ obul.ﬂ\bda_z.a
sl Ll o3Il 5 pwdin (gla ie 5l (gl as sazmn (g Sy
&3P0y Giletag LS o e Gere G505 S
ot S sk 4 s Sl bl il 6l Ol
Gl 8 5 ol oy S S35 ol
sbosle luawe sl L imh Ol S
Saosle Gl aig 53 3 5d oo Sl s LB aypa alS
i 53 5d e Sl e S Il a gl bl
Bahe O 5 s e b2 GOl e
Nm
minimizeW = ZYe-le-Ae

e=1

subjecttoo’ < 0, < o"
Al<A, <AV 8l<§, <8

Q)

H‘"“_;Jojvw‘{p&iz_;wzjﬂw

93 Ol es ndiga 4



00

e (535S s —aizdl U S

cvw%ﬁjb.bﬁ@w(\\j\')QYDN )'\oJLiZwlL.)
J)ku,bL,ﬁloJ%Ji<upl}%&ﬁér@anﬁJ%}>Jw\l{

Al s
fitf—worstt
t _ ]
Qj " Bestt—worstt )
_ 2_1'[ _ 2mm _ @
T—wn——QB:wn—m CY)
v
Xnew = Xoid T w_SIH( wpt) ()
n
Qjvj
B=p—>—
W. = @_R%j > QiQjv;j ()
n m H mr3j

s D3 plad Jold o el slagly IS 08 >

b ctedsl Slamin Jald oS 355 e aralos (V1) doles U
S Sl L;Lplfgdbbul oplasdly 5ol 4 gl Ol
o el Glagal Curdge Jles 5a5 4 LSS e o
5o o) 3l Ak G il g B e 4 1
LBl s 1 28 S sl ol o dolas S ane
Aol Ll g fuly e Gl GRS mlie LI5S s
35 gh (S I g sl o 5 S el b SOuG 53
dalee K8 a0 O3 Ol o311 s (gl (oolging Jse b
Sor 35 KedSs 35 2 90 el S5 A2l e (1)
u)&omaﬁcﬁ.thubQLi}(\)Jiiﬁmbw
eMo;l:QLﬂ(Y)JKJJJ%MWA{QbSQSf

]

v Qin v
X = (E)in + [HmRIJZ V]' t]' 1-— (E)z‘}‘
Ry sin(wp) |1 - ()?
Y
t _ norm(Xit—X]-t)
I'i]- = Txf (“ﬂ)

PP e (g iy 53 S s

ol iz @25 SISy ol ol (i o255
Lok wﬁfw smablise Ol 53 lyd uSan 5l aS
S el ok (Gl and ol o S ) eslinad
Aiea &S > Jb s YU s o b bline Ol
ad sl [14] cl S8 Cs o 0 Kon 3 Lo L8 O3 Sy
CS o 48 558 3 llons el 3Y (D3 L5 (3l
D 0P ad Sl ol VL s
G S5 3 O3 S ol bt ol (6l S
gxore ol W3 338 o biol D5 o Pl ol
O3 aes Sy 5l g Glae H g Ce S Cll bl
G S O3 Sy ol el SGd oy Ol i
oty D53 L a8 05 e 5 0 S s e
52 ety il VL Sl cds il 1S0n5 8
Cf o 45 033 b s S &y OVolae (ol Cod G508
.:,l:vﬁ:\m{)f'

Lt (S S 3 Olas w15 5 (g5l wigr gls ine
sl s ¢S > I sV e w b ublise Olus 5 S
ol 290 255 o peblian Olde ;3 D3 S > el &S
S eslimal b D3 iSas S e sl U, 4 S
S OLSS (S OL Ll sl e a5 (S50
Clr ) KUK S e CS g G il 4
L K e (STl bl b l)s e S 0
MW@Q‘)S&‘J{@6W‘6€J{%S.M&8)
5L SRS r:wﬂl); .JJ\JQ\)SJQJ;Q\)QA{L;;...{%
(A Jsla) 35300 s Bls 1 ks Sl 3 3
ool (5 S el e G sloml (1 el S3 a4 p3Y
sl 43 S s e IS 3 Lasila

Sy a D3 ES s eblae laplle s
Sl Gl o pls O3 S > &S bl A il e Sl ss
el 3V lizn Sges SIS 5 58 5 S Glagls s
Lopled (Sl and 1S58 00 0o SO L ) s S5
asly S8 Db S 4 b e SledbL Sl eslil

Jetd 5S dalwe Q) doles 3 eslazal L Oy o 1y sl

32 O pas pwligo 4

]F'F‘J)a)L«J‘mb"L j‘;«fd[w



b sloojle g b (ol ol W‘Jﬁ:_ergjjf//wf"

[Ng

Sl 2y 350 5 Shas dm i e 4y o ool 53

Flos e Hb dolie Gl ol Gl i
el ol 08 3l 35 0L S w258 S 63l g
2 e S bzl psle (s S5 0ol S Ll
O3t Gn s il G 6 U5 s e g
S L (3l o s dde odd o S S O
wopp aS e oo bl pglhe Sl 5s, 4 b uS e ©AS
g asgerme 8L s 4 wn S e e RS
s 53 il o B &1 e 508 ol ol
wars b ol S g olitie b4 0Ll S gl e
355 L s p A5 Son s S 30 0L 0T (sla ae
2B STl i ldes e 0L ) ol ahai S s b
fV o 0o 0lsl S bl azdls f(Xa, X, . X) 0 e L
Dy s S 5 D g 4y 5 350 e esls OLL grad(f) L
V= (om0, ) 0%

%, 0x;" """ 0xn

S ol S ek 0L 0Ll S 5l e s
ol dbo g 6 e

e Jds 4 ol o (6 st 5L p:w)ﬁ‘ Bt
2 Ses ol LY S 5y el 23l J S
Jlosl odd ool lo s 0 a5 b 338 o 5055
ke 5 Ll e sy Comerr ol jan 4 Jg5 0Ll S
w S L cmlze Js5 e, S G5l ool Ll S
e b oled L;L%K ol ol G (St
2 oo

oS lasl gl ol Cumar G g5 1l (S
P Sl (e

b el sl Sl el l U 1y Gs o a3 oS
oS S e i e SO GU o r.uLwL;a L3I
LS o 6, 310l 1y ails s s Ja

s bl ole G S el g s o8
ool Dd s 53 Jo5 OLal S s 5 el DS
233 S o dlasl

Sl 3l eslinn | b 1 b ol o pslis te sl ¢L§
55 Ko S pI8 K il b IS ol il e s 0318
@S0k 5L oS s e plmil OIS il g
IS 1y Sl 35w eslbla 800 &5 b e oliie
CE LAl 5 el S S e e S Vsane S

omeblise Ol 53 )3y (6,00 Saled ) IS

Negative right handed clockwise

. @

Positive right handed anticlockwise

CJ\)'J Olaishs S “53:.‘."5 Y }g.j

ot [14] o, 830 ) O 5 e 50355
4,:.5}‘ V.S{J)i}b\ oslaul gs"L."J.)‘ J}LAA L" Lsls Wj: j:i"‘)"
cu Y4 [15] d‘)&».ﬁ 3 sz_)hﬁ ‘J?Z.A LFLNG L}>)>
5 @S (Gla e L1y Lde wdige alies VY 5 Lds (goUs
o bl Bles @ by lacussime B LSS
sl Jds 4 8l sbis Bl (g5l ang sl Ll L5 505
Aj}f@&)ﬂ\w\rjycubu%Jfl)aéuj_ﬁw:Llj
| Ran ol g 0 Jolaite S L S AL x5
S S (S gt sl 53 S5 ol b Bl | 353
dut&g;.xSlJﬁl)%é“g@%&lpwlaﬁw
34 Celb &S ol i glaos gds S99 Jn\ U"‘
‘J—’L‘J Mf‘ébﬁ%}bﬁ)ﬂ‘
25 g sl &&\éur&)ﬂlﬁ

’f"“}):‘)u‘r;ibjwd[w

R R



ov

e (535S s —aizdl U S

108

Gradient Coefficient = D 0.0001
Gradient Coefficient = D 0.001
Gradient Coefficient = D 0.002
= Gradient Coefficient = D 0.003
Gradient Coefficient = D 0.004
= Gradient Coefficient = D 0.005

10°

Gradient descent algorithm
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ol | in? mm? | ekt | in? mm? ol | jn? mm? ol | jn? mm?
1 0.111 | 71.613 17 1.457 | 939.998 33 3.840 | 2477.414 49 11.500 | 7419.340
2 0.141 | 90.968 18 1.563 | 1008.385 34 3.870 | 2496.769 50 13.500 | 8709.660
3 0.196 | 126.451 19 1.620 | 1045.159 35 3.880 | 2503.221 51 13.900 | 8967.724
4 0.250 | 161.290 20 1.800 | 1161.288 36 4.180 | 2696.769 52 14.200 | 9161.272
5 0.307 | 198.064 21 1.990 | 1283.868 37 4.220 | 2722.575 53 15.500 | 9999.980
6 0.391 | 252.258 22 2.130 | 1374.191 38 4.490 | 2896.768 54 16.000 | 10322.560
7 0.442 | 285.161 23 2.380 | 1535.481 39 4590 | 2961.284 55 16.900 | 10903.204
8 0.563 | 363.225 24 2.620 | 1690.319 40 4.800 | 3096.768 56 18.800 | 12129.008
9 0.602 | 388.386 25 2.630 | 1696.771 41 4970 | 3206.445 57 19.900 | 12838.684
10 0.766 | 494.193 26 2.880 | 1858.061 42 5.120 | 3303.219 58 22.000 | 14193.520
11 0.785 | 506.451 27 2.930 | 1890.319 43 5.740 | 3703.218 59 22.900 | 14774.164
12 | 0.994 | 641.289 28 3.090 | 1993.544 44 7.220 | 4658.055 60 24.500 | 15806.420
13 1.000 | 645.160 29 3.380 | 2180.641 45 7.970 | 5141.925 61 26.500 | 17096.740
14 1.130 | 729.031 30 3.470 | 2238.705 46 8.530 | 5503.215 62 28.000 | 18064.480
15 1.228 | 792.256 31 3.550 | 2290.318 47 9.300 | 5999.988 63 30.000 | 19354.800
16 1.266 | 816.773 32 3.630 | 2341.931 48 10.850 | 6999.986 64 33.500 | 21612.860
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328 OF o3l ang b mls Y sl

2 | s s SGA HPSO HS DHPSACO RBAS
(mn?) b slo e [21] [22] 23] [24] [25] SRS
A—Ay 4658.055 4658.055 | 4658.055 4658.055 4658.055 4658.055
As-Ajp 1161.288 1161.288 | 1161.288 1161.288 1161.288 1161.288
Aq-A 645.160 363.225 506.451 494,193 494,193 494.193
Aq4-Ary 3303.219 3303.219 | 3303.219 3303.219 3303.219 3303.219
Ag-Ays 1045.159 940.000 940.000 1008.385 939.998 939.998
Ays-Ayg 494.193 494.193 494.193 285.161 494,193 494.193
Ayr-Azg 2477.414 2238.705 | 2290.318 2290.318 2238.705 | 2238.705
Az1-Asg 1045.159 1008.385 | 1008.385 1008.385 1008.385 | 1008.385
Az7-Azg 285.161 388.386 2290.318 388.386 494,193 494,193
As-Asz 1696.771 1283.868 | 1535.481 1283.868 1283.868 | 1283.868
Ay-Agg 1045.159 1161.288 | 1045.159 | 1161.288 | 1161.288 | 1161.288
Asp-Asy 641.289 792.256 | 506.451 506.451 641.289 | 494.193
«ar 035 (Ib) 1970.142 | 1905.495 | 1906.76 1904.83 | 1903.366 | 1902.6055
Sbe 035 (Ib) - - - - - 1904.4047
035 i (Ib) - - - - - 1907.9661
Sxs il (Ib) - - - - - 1.891
PAHNRT - - - - - 5760
8000 52-bar planar truss structure (Discrete) 10000 72-bar space truss structure (Discrete)
7000 Best solution Best solution
Mean solution 8000 Mean sulut\.un
c 6000 - Worst solution - —— Worst solution
=] k=]
T 5000 S 6000
= =
~u-- 4000 &
§ % 4000
3000 ©
2000
2000
1000 0
0 20 40 60 80 100 0 20 40 60 80 100
Iteration Iteration
1400 72-bar space truss structure (Continuous) 10000 160-barspace truss structure (Discrete)
Best solution Best solution
1200 Mean solution 8000 Mean solution
— \Worst solution Waorst solution
5 1000 5
= = 6000
= j o
= 800 Z
B @ 4000
S 600 f S
a0 | M 2000
200 0
0 50 100 150 200 0 50 100 150 200
Iteration Iteration

el sbadlis 5l ag el n te 2 Ses Jlagel £ IS

R R

]F'F‘_})aJL«JuM_}‘;wJLw



b sloojle g b (ol ol W’Jﬁ:_ergjjf//wf"

S

g 5 S b S 5s 3 e s s e sl
el b salgnig s el ol ok gy b
2 sy (b Sl 5 0) s 53 S (AL sl
eSS dade 0L S ool ekis S L1 (9) s
(P) JSo s el 3508 A 5 (55 50 gl e el a3
e e s e e ol Gl Ses l sl

RGO P 4

(17

ur 9Dy

&wVV&w a}\.«%fbb
O (V) U3 s (gl akoo VY olias L= o3l g S
JLQ.;‘ 6)\J§)L} JQ.’.‘;":‘ 9 @-‘J.k (5[.@]14‘)@. A;.w( ol o3l
03,30 (F) Jsdr 5 () Jsdr 53 i 5 o ol = o3l 53 o
r.:.,.é.". ajjf \¥d “ S C,...»‘fa_c— VY Lael slows .ol ol
258 o ol (V) s 5l anenS e i Ll ol S
mﬁ.’ﬁ/\' v_“:}‘.é.cv* &w&gﬁgbd‘ﬁwg‘x\
Voo Lyl SO slaws STus ool aug AT 5 3 ool ol

Typical story

Element and node
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wras VY o3le sl L;)\Jf)l;‘c)l.,.:ij? ¥ Jed>

G L bS5 | e S (Kips) s L

Py Py P,

Jol b oSy W 0 0 -0
A . . .

14 - - ‘

Y. . . .

p03 0k S5 WV ' ' -0
A . . -

14 . . -0

Ys . . -0

&MVV h)bwf‘}@b OJ)V\>

e | B0 | "B | e | A | en | e | SRS
A-Ay 0.196 | 4.970 0.196 1.800 0.196 1.563 1.990
As-Aj, 0.602 1.228 0.563 0.442 0.563 0.563 0.563
Ajz-Agg 0.307 0.111 0.442 0.111 0.111 0.111 0.111
Ai-Asg 0.766 0.111 0.602 0.111 0.111 0.111 0.111
Aro-Ay 0.391 2.880 0.442 1.228 1.228 1.266 1.228
Asz-Agg 0.391 1.457 0.442 0.563 0.442 0.563 0.442
Ay -Agy 0.141 0.141 0.111 0.111 0.111 0.111 0.111
Azs-Asg 0.111 0.111 0.111 0.111 0.111 0.111 0.111
As-Agg 1.800 1.563 1.266 0.563 0.563 0.391 0.563
Ag-Asg 0.602 1.228 0.563 0.563 0.563 0.563 0.563
Agg-Asy 0.141 0.111 0.111 0.111 0.111 0.111 0.111
As3-Asy 0.307 0.196 0.111 0.250 0.111 0.111 0.111
Ass-Asg 1.563 0.391 1.800 0.196 0.196 0.196 0.196
Aso-Agg 0.766 1.457 0.602 0.563 0.563 0.563 0.563
Agr-Agg 0.141 0.766 0.111 0.442 0.391 0.391 0.391
Agi-Amy 0.111 1.563 0.111 0.563 0.563 0.602 0.563
<oz 055 (ID) 427203 | 933.09 | 390.73 390.380 389.33 390.18 389.3342
oSk 055 (Ib) - - 395.432 - 391.59 - 390.2501
035 oA (Ib) - - 399.49 - - - 391.9601
Sbre Sl 1 (Ib) - - 3.04 - - - 0.982
56T slaas 60000 | 50000 | 11600 - 17010 - 7020

WJJJ}‘J/JMWW?J‘:‘J ,F'Fij)é)LQJ&M_}‘;\AJLW



b sl g (A Lb Sl o S Samier 15055 dnss

Y

328 VY il sy b il F s

s | B TR T [ | 3 [T [ 5 | o
A—Ay 1.7427 | 1.8577 | 1.860 1.8861 1.9001 | 1.8911 | 1.9170 | 1.8904
As-Ap, 0.5185 | 0.5059 | 0.521 0.5123 0.5131 | 0.5051 | 0.5031 | 0.5138
Aps-Agg 0.1000 | 0.1000 | 0.100 0.1000 0.1000 | 0.1000 | 0.1000 | 0.1000
Aj-Agg 0.1000 | 0.1000 | 0.100 0.1000 0.1000 | 0.1000 | 0.1001 | 0.1000
Ajg-Asy 1.3079 | 1.2476 | 1.271 1.2685 1.2456 | 1.2778 | 12721 | 1.2652
Axs-Agg 0.5193 | 0.5269 | 0.509 0.5117 0.5080 | 0.5082 | 0.5050 | 0.5112
Az-Asg 0.1000 | 0.1000 | 0.100 0.1000 0.1000 | 0.1004 | 0.1000 | 0.1000
Azs-Asg 0.1000 | 0.1012 | 0.100 0.1000 0.1000 | 0.1000 | 0.1000 | 0.1000
As7-Agg 0.5142 | 05209 | 0.485 0.5236 0.5550 | 0.5297 | 0.5184 | 0.5228
Ag-Asg 0.5464 | 05172 | 0.501 0.5171 0.5227 | 0.5343 | 0.5362 | 0.5160
Aso-Asy 0.1000 | 0.1004 | 0.100 0.1000 0.1000 | 0.1000 | 0.1000 | 0.1000
Asy-Asy 0.1095 | 0.1005 | 0.100 0.1000 0.1000 | 0.1000 | 0.1000 | 0.1000
Ass-Asg 0.1615 | 0.1565 | 0.168 0.1565 0.1566 | 0.1566 | 0.1569 | 0.1565
Aso-Ags 0.5092 | 05507 | 0.584 0.5456 0.5407 | 0.5431 | 0.5374 | 0.5460
Agr-Aqg 0.4967 | 0.3922 | 0.433 0.4103 0.4084 | 0.4069 | 0.4062 | 0.4105
As-Agy 0.5619 | 0.5922 | 0.520 0.5697 0.5669 | 0.5500 | 0.5741 | 0.5681
oz 055 (D) 381.91 | 379.85 | 380.62 379.6148 379.73 | 379.72 | 379.75 | 379.6168
oSSbe 035 (Ib) - 382.08 - 379.6149 382.26 | 380.39 | 380.03 | 379.6264
035 cr i (Ib) - - - 379.6155 - - - 379.6393
Sbre Sl 2l (Ib) - 1.912 - 0.0002 1.94 0.54 0.278 0.0081
50T slaes - 19621 | 13742 - 13166 | 8400 | 18000 33570

27.50, 29.88, 32.76, 33.90, 34.77, 39.16, 43.00, 45.65,
46.94, 51.00, 52.10, 61.82, 61.90, 68.30, 76.38, 90.60,
94.13} (cm?)
)LQ}A&L}J‘\S@‘@M ‘-57-(}196(44;440‘)[‘&
e Q‘.’.\Jé '>J-‘~§J‘J’; (10) J}.\?)J IS . 43\)‘ JEJ_,.M.A
ws S b s golis slasl gl bS5 o s
4.3(5[) &L«sﬁc)w@d}—ﬁﬁpﬁ Ls\f k;—wl IS A
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2

(%) ..
1300 — L if¥ < 120
o_b — 5 y 24 T
i< > 120
O

Q)

s VP ald oSl w1 b
sl el e Gl 3 odd o) (S3leigs alis o
059 ol 0l esls OLES (A) Ji.,, 238 Sl g2 VO
Jsde 5 caSe o oS LS 4,0 o VAD llas o ol
5 6l e S Slase il o PNV exY P Flas ezl
03,31 (A) 5 (V) sl 3 o5 4 L3 cnl slaael Olodr
(A) Jsd s il w0l Jlesl (18,1 LS 5ol o
YA & sae 190 shaie mhans i opl 5o o oo S &l
s DS 45 pams Sl old o s b i
S={1.84, 2.26, 2.66, 3.07, 3.47, 3.88, 4.79, 5.27, .c..!
5.75, 6.25, 6.84, 7.44, 8.06, 8.66, 9.40, 10.47, 11.38,
12.21, 13.79, 15.39, 17.03, 19.03, 21.12, 23.20, 25.12,
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fbye paiTedd ad S B s pae Job 0T s S
1.0=K ki s opl 53w | Jige Jsb o s K5 gm0
Y ln blae Ol 3 25 gt oul ol 5 3
r={0.47,0.57, 0.67, 0.77, .cewlold Jlos! atmnS i
0.87, 0.97, 0.97, 1.06, 1.16, 1.26, 1.15, 1.26, 1.36, 1.46,
1.35, 1.36, 1.45, 1.55, 1.75, 1.95, 1.74, 1.94, 2.16, 2.36,
2.57, 2.35, 2.56, 2.14, 2.33, 2.97, 2.54, 2.93, 2.94, 2.94,
5511 2.92, 3,54, 3.96, 3.52, 3.51, 3.93, 3.92, 3.92} (cm)
FGIW P W (“k“’ Voo glae V80 SL o o5le Gl Comas
bl 00 1SS slaws ST (gl aige Lal B s
3 dle ol gl eSS wg ~b Sl el el sl
Sy Sl el 6l gl o ul ot S Wl (10) Jsuxr
L 5) ple & Sl ol el Gt o501 O3
Wl o 5 (F) JSCE 3 ) S s 00 AL 0

d}&\?' h)b&‘aﬁuw VJ},\}

o 5. X-latsa, Y-olasa, ARSI WEESN o 5. X-Colazsha, Y-oolais. Z-olazad.
1 -105 -105 0 27 40 -40 1027.5
2 105 -105 2000 28 214 0 1027.5
3 105 105 0 29 40 40 1027.5
4 -105 105 0 30 -40 40 1027.5
5 -93.929 -93.929 175 31 -40 -40 1105.5
6 93.929 -93.929 175 32 40 -40 1105.5
7 93.929 93.929 175 33 40 40 1105.5
8 -93.929 93.929 175 34 -40 40 1105.5
9 -82.859 -82.859 350 35 -40 -40 1256.5

10 82.859 -82.859 350 36 40 -40 1256.5

11 82.859 82.859 350 37 -207 0 1256.5

12 -82.859 82.859 350 38 40 40 1256.5

13 -71.156 -71.156 535 39 -40 40 1256.5
14 71.156 -71.156 535 40 -40 -40 1346.5
15 71.156 71.156 535 41 40 -40 1346.5
16 -71.156 71.156 535 42 40 40 1346.5
17 -60.085 -60.085 710 43 -40 40 1346.5
18 60.085 -60.085 710 44 -26.592 -26.592 1436.5
19 60.085 60.085 710 45 26.592 -26.592 1436.5

20 -60.085 60.085 710 46 26.592 26.592 1436.5

21 -49.805 -49.805 872.5 47 -26.592 26.592 1436.5

22 49.805 -49.805 872.5 48 -12.737 -12.737 1526.5

23 49.805 49.805 872.5 49 12.737 -12.737 1526.5

24 -49.805 49.805 872.5 50 12.737 12.737 1526.5

25 -214 0 1027.5 51 -12.737 12.737 1526.5

26 -40 -40 1027.5 52 0 0 1615
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