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TOM TAT

Két cdu gian thép duogc sir dung rong rii trong nhing cong trinh vuot nhip 16n do nhitng vu diém
nhu: trong lugng nhe, do cing 16n,... Do gia thanh cua vét liéu thép cao hon nhiéu so voi vat lidu
bé tong nén bai toan tbi uu trong lugng két ciu thép ludn duge dat ra trong qua trinh thiét ké. Tuy
nhién, thyc té thiét ké doi khi doi hoi phai can bang hai hay nhiéu muyc tiéu xung dot nhau, vi du
t6i thiéu trong luong gian déng thoi tbi da kha nang chiu lyc hodc do cung cua gian. Déi v6i loai
bai toan nay, khong c6 mot giai phap téi vu nhat ma co thé ton tai nhiéu giai phap tot ngang nhau.
Nhiing giai phap nay hop thanh mot dwong cong (khi tdi uu hai myc tiéu) hodc mat cong (khi toi
ru ba muc tiéu) duoc goi 1a bién giéi Pareto. Mot trong nhing thuat toan phd bién nhat dé xac
dinh bién gidi Pareto la thuat toan NSGA-II. Bai bao trinh bay mot nghién ctru ap dung thuat toan
NSGA-II trong cong tac thiét ké két cau gian thép nham tdi wu dong thoi ca trong lugng ciing nhur
d6 cing cia gian. Bai bio gdm bdn phin chinh. Phan mét gidi thiéu tong quan va muc tidu cia
nghién ciru. Phan hai thiét 1ap bai toan t6i wu da muc tiéu cho két cdu gian, trinh bay ngin gon thuat
toan toi wu da muyc tiéu NSGA-II cling nhu mot $0 k¥ thuat bd sung. Phan ba trién khai mot vi du
thuc té ap dung thuat toan NSGA-II thiét ké két cau gian vuot nhip 30m. Phan bdn néu mot sd két
luén va kién nghi.

Tir khéa: THi uu da muyc tiéu, t6i wu két cau, két cau thép, két cau gian, NSGA-II

ABSTRACT

Steel truss structures are widely used in large-span constructions due to their advantages such as
light weight, high stiffness. Because the price of steel material is significantly higher than that of
concrete, optimizing the weight of steel structures is always a crucial aspect of the design task.
However, design practice sometimes requires balancing two or more conflicting objectives, for
example, minimizing truss weight while maximizing load-bearing capacity or stiffness. For this
kind of problem, there exist multiple equally good solutions insteads of single optimal solution.
These solutions form a curve (when optimizing two objectives) or a surface (when optimizing three
objectives) known as a Pareto front. One of the most popular algorithms for determining Pareto
front is the NSGA-II algorithm. This paper presents a study applying the NSGA-II algorithm to
the design of steel truss structures with the goal of simultaneously optimizing both the weight and
stiffness of the truss. The paper consists of four sections. The first section introduces the literature
review and the purpose of the study. Section 2 formulates the multi-objective optimization problem
for truss structure, briefly presents the NSGA-II algorithm as well as some additional techniques. In
Section 3, a practical example is implemented in which the NSGA-II algorithm is applied to design
a 30-meter span truss structure. The last section presents some conclusions and recommendations.

Keywords: Multi-objective optimization, structural optimization, steel structure, steel truss, NS-
GA-IL
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1. GIOI THIEU CHUNG

Nhiéu cong trinh trong thuc té b tri cot
v6i khoang céach 16n hoac khong co cot bén
trong nham tao ra khong gian rong dé dap
g yéu cau st dung hodc tao hiéu tng thim
my, do d6 két ciu d& mai trong nhitng cong
trinh nay thudng phai vuot khau do 16n. Véi
nhitng két cau do mai vuot khau do 16n, nguoi
ta thuong st dung vat liéu thép lam két cu
chiu lyc chinh do day la vat liéu c6 cuong do
cao. V& mit giai phap két cau, phuong an dam
dic mic du c6 nhiéu vu diém nhu san xuét
don gian, dé dang duy tu bao dudng nhung co6
trong lugng ndng nén it dugc st dung trong
két cAu mai nhip 16n. Trong khi d6, phuwong an
gian do vat liéu duoc bd tri mdt cach hop ly
nén co trong lugng nhd hon so vdi phuong an
dam dic cung nhip. Vi thé, két cdu gian 1a sy
Iira chon thich hop d6i voi dang cong trinh nay.
Bén canh d6, do gia thanh vat li¢u thép cao
hon nhiéu so v&i vat liéu bé tong nén bai toan
t6i uu trong luong két cdu thép ludn duoc dit
ra trong qua trinh thiét ké mai thép nhip 16n.
Nhiém vu nay co6 thé giai quyét bang nhiéu
thudt toan nhu Giai thuat di truyén (GA), thuét
toan Tdi wu bay dan (PSO) hay thuat toan Tién
hoéa vi phan (DE). Nhiéu nghién ctru trén thé
gi61 cling nhu tai Viét Nam da 4p dung nhiing
thut todn néu trén nham tbi wu két cau gian
thép [1-6].

Tuy nhién, thiét ké thuc t& d6i khi doi hoi
phai can bang hai hodc nhiéu myc tiéu xung
d6t nhau. Téi thiéu trong lwong gian dong thoi
v6i t6i da kha niang chiu lyc cua gian, hodc
t6i thiéu trong lugng gian dong thoi t6i da do
clg cua gian 1a hai vi du vé bai toan t6i uu
hoa da muc tidu. DSi v6i loai bai toan nay,
khong c6 mot giai phap t6i wu nhat ma co thé
t6n tai nhiéu giai phap tot ngang nhau. Nhiing
giai phap nay hop thanh mot duong cong (khi
t6i wu hai muc tiéu) va mat cong (khi t6i uu
ba muc tiéu) dugc goi la bién gidi Pareto.
Thuat toan pho bién nhat dé xac dinh bién gi6i
Pareto 1a NSGA-IL Thoi gian gan day, nhiéu
thuat toan tdi wu da muc tiéu khac da duogc
dé xuat vi du thuat toan GDE3, thuft toén
RAO,... Nghién ctru trng dung céc thuat toan
néu trén giai quyét bai toan toi vu da muc tiéu
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két cau gian thép da dugc mot sb tac gia trén
thé gioi thuc hién [7-9]. Tai Vi¢t Nam cling
dd c6 mot sb tac gia cong bd cac két qua lién
quan t&i hudng nghién ctru trén [10-12]. Hau
hét cic nghién ctru déu thir nghiém trén cac
bai toan gian don gian nhu gian 10 thanh, gian
25 thanh, gian 72 thanh, gian 200 thanh,...
Theo khao sét, s6 luong nghién ctru p dung
t6i uvu da muc tiéu cho cac cong trinh thyc té
con tuong d6i han ché.

Bai béo trinh bay mot nghién ciru nham
danh gia kha nang tmg dung thuat toan tbi wu
da muc tiéu hd trg cong tac thiét ké thuc té. Cu
thé, thuat toan NSGA-II s& duoc ap dung dé
t6i vu da muc tiéu cho mot két cau gian quy
mo lon gém 768 thanh vugt nhip 30 m, chiu
tai trong ndng. Qua do, bai bdo dua ra mot s6
khuyén nghi nham lya chon phwong an phu
hop dua trén két qua tdi wu thu duoc s& duoc.

2. TOI UU PA MUC TIEU KET CAU
GIAN THEP

2.1. Bai todn t6i wu da muc tiéu két cdu
gian thép

Thiét ké t6i wu thyc chét 1a mot qua trinh
tim kiém phuong an tot nhat dé dat myc tiéu
mong mudn trong khi vin phai dam bao céac
diéu kién rang budc nhat dinh. Trong bai toan
thiét ké toi uu két cau, bién thiét ké c6 thé 1a
hinh dang, kich thudc két ciu hozc tiét dién
ctia cac cdu kién trong h¢ két cau. Ham muc
tiéu thong thuong la téng trong luong clia hé
két cau, hodc tong gia thanh xdy dung. Dleu
kién rang budc cta bai toan tdi wu két cu
thudng 14 cac quy dinh trong tiéu chuan thiét
ké nhiam thoa man hai diéu kién co ban nhat
1a diéu kién an toan chiu luc va kha nang su
dung binh thudng. Ngoai ra, bai toan téi uu
két cAu con c6 nhing rang budc riéng nhim
dam bao yéu cau kha thi trong giai doan san
xuat, van chuyén, thi cong.

Cin ctr theo bién thiét ké, bai toan thiét ké
t6i uu két cau co thé chia thanh 04 nhom: t6i
vu vat lidu, t6i uu cdu trac, toi wu hinh déng,
va tbi uu tiét dién, trong d6 téi wu tiét dién
1a dang bai toan phd bién nhét trong toi wu
két cau. Pay 1a bai toan di tim kich thudc tiét
dién phul hop cla ting phan tir trong hé két
cAu trong khi chiéu dai hinh hoc va lién két
giita cac cau kién khong thay doi.
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Cu thé ddi voi két cau gian thép, bién thiét
ké 1a tiét dién cac thanh gian, ham muc tiéu la
trong luong cua ca hé gian, con diéu kién rang
budc thuong bao gém cac diéu kién chiu lyc,
diéu kién han ché chuyén Vi,... Phat biéu toan
hoc ctia bai toan tdi vu tiét dién cac thanh gian
nhu sau:

tim A={4,i

1,2,...,n} (1)

nham tdi thiéu hoa
W(A)=D pAL
i=1

chiu céc diéu kién rang budc:
{ g,(A)<0, j=1 0

A . <A<A =1,...
trong do: A 1a mot véc-to n chiéu chira gia tri

i,min

, N

tmax’

ctia 7 bién s6 A, mdi bién s6 4, 1a dién tich tiét
dién cua thanh gian thr i; 4, . va 4, 14 gia
tri can dudi va can trén ciia bién Al.;, W(A) la
ham muc tiéu, cu thé trong truong hop nay la
trong lwong ctia két ciu gian; L.1a chiéu dai ciia
thanh gian thtr 7; p, 1a trong lugng ri€ng cua vat
lidu str dung dé ché tao thanh gian tha i; g(A)
la diéu kién rang budc thir j; n 1a s Iwgng thanh
gian va m 1a s6 diéu kién rang budc.

’ Cac ,diél} kién rang budc trong bai toa:ln
toi uu ’két cau gian thép dua theo tiéu chuan
thiét ke hién hanh [13] duogc viét lai dudi dang
chuan hoa nhu sau:

Aj‘Vt -1<0
nd yal e
g (a)=1""
< ——1<0
g, (A)= L 1<
A
A)= Z-1<0
gi( ) ﬂ

u

trong do: g (A) 1a diéu kién rang buéc vé chiu
luc; g (A) 1a diéu kién rang budc vé chuyén
vi; g,(A) 1a diéu kién rang budc vé d6 manh;
trong d6: N, 1a luc kéo diing tdm tinh toan trong
cAu kién; A, la dign tich tiét dién thuc cua cau
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kién; N, la lyc nén dang tdm tinh toan; ¢ 1a h¢
s6 6n dinh khi nén ding tam; A4 1a di¢n tich tiét
dién nguyén cua cAu kién; fv ,1a cuong do chiu
kéo tinh toan cua thép theo gioi han chay; y
1a hé s6 diéu kién lam viéc; A chuyén Vi
dung 16n nhét trong gian; /14 d6 vong dimg
gi61 han; A 1a d méanh cia thanh va A 1a do
manh gidi han.

Nhu da trinh bay & trén, thiét ké thuc té
d6i khi doi hoi phai can bang hai hodc nhiéu
muc tiéu xung dot nhau, vi du trong luong
gian va do cung téng thé cua gian. Day 1a hai
muyc tiéu mau thudn nhau boi dé t6i thiéu hoa
trong luong glan ky su thiét ké thuong cd
gang giam chleu cao tong thé cta glan cling
nhu giam tiét dién cac thanh gian. Diéu nay
lam giam do cimg tong thé cua gian, hé qua 1a
lam tang d6 vong. Do d6, trong qua trinh thiét
ké can xem xét dong thoi ca hai muc tiéu dé
tim ra giai phap thiét k& hop 1y.

Trong nghién ctu nay, gid tri d¢ cling
khong dugc tinh toan truc tiép ma dugc danh
gia mot cach gian tiép thong qua gia tri chuyén
vi dtng 16n nhit (hay do vdng 16n nhat) cia
gian. Nhu Vay, hai muc tiéu xem xét trong bai
toan 1a tbi thiéu hoa trong luong va do vong
cuia gian. Phat biéu toan hoc ctia dang bai toan
t6i wu da muc tiéu két cau gian thép nhu sau:

tim A={4,i=12,..,n} 3)

nham tdi thiéu hoa
W(A)= Zp[AiLi
i=1

dong thoi toi thiéu hoa f
max
chiu cac diéu kién rang budc:

%-130
An yc
g(A)=1 ")
120
quf;/d]/c
A
A)= —-1<0
g, (A) )
A,minSAjSAAj’max,izl,...,n

2.2. Thudt toan NSGA-I11
Mot trong nhitng thudt toan t6i uu da



Tap chi Khoa hoc va Cong nghé Truong Dai hoc X4y dung Mién Tay (ISSN: 3030-4806)

muc tiéu dugc su dung phé bién nhét 1a Giai
thuat di truyén sip xép cac nghiém khong
chiém wu thé phién ban 2 (tén tiéng Anh la
Non-dominated Sorting Genetic Algorithm II,
thuong duoc goi tit 1a NSGA-II). Phién ban
dau tién cta Giai thuat di truyén sip xép céc
nghiém khéng chiém wvu thé (NSGA) duoc
Deb va cong sy gidi thiéu nam 1995 [14].
Phién ban cai tién ciia NSGA goi 1a NSGA-
I duoc dé& xuat nam 2002 [15]. V& co ban,
NSGA-II cling ¢6 ba budc co ban chon lgc,
lai ghép va dot bién nhu Giai thuat di truyén
(Genetic Algorithm — GA), tuy nhién tac gia
Deb va cong su da dé xuat thém hai k§y thuat
bd sung 1a k¥ thuat sip xép nghiém khong
chiém wu thé va k¥ thuat sip xép theo khoang
cach mat d6. Cu thé nhu sau:

Dau tién, quan thé ban dau P, gém NP c4
thé dugc khai tao. Ti€p theo, mot quan thé O,
gom NP cé thé con dugc tao ra bang ba ky
thuat: chon loc, lai ghép, dot bién nhu trong
thuat toan GA. Quan thé R, gdm quan thé
ban dau P va quan thé con O, gbm 2NP ca
thé duoc sip xép thanh cac 16p ma trong mdi
16p, cac ca thé khong chiém wu thé hon nhau
nhung 16p trudc s& chiém wu thé hon cac 16p
sau. Viéc sip xép nay duoc minh hoa trong
Hinh 1, trong d6 quan thé R, duoc sap xép
thanh cdc nhém S,, S, va S,. Céc c4 thé trén
nhom § t6t ngang nhau, cac ca thé ¢ nhom S .
s& t6t hon c4 the & nhom S, va ca thé & nhém
S, s& t6t hon ca thé & nhom S..

hy
A

Nhom S3
Nhom S,

Nhom S

;hl

Hinh 1. K§ thuét sip xép nghiém khong troi.

Thuat ngit “chiém wu thé hon” hay noi
cach khac, phuong 4an X tot hon phuong an Y
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khi X khong kém hon trong bat ky muc tiéu
nao va tot hon & it nhat mot muc tiéu. Vé mat
toan hoc, trong bai toan cuc tiéu hoa hai muc
tiéu, X chiém wu thé hon Y khi:

Vi h(X)<h(Y)

{3,. I (X) <, (¥) “

Céc ca thé & nhém S, s€ duoc gitr lai cho
thé hé tiép theo. Néu s6 ca thé cuia nhom S,
nho hon NP, tiép tuc lay thém cac céa thé ¢
nhom S, va néu tong sb ca thé trén hai nhom
S, va S, van it hon NP thi tiép tuc lay ca the &
S.. Néu tong s6 ca thé cua ca ba nhém S, S,
va §S, 16n hon NP, cac ca thé trong nhoém S, s€
duogc sap x¢p theo khoang cach mat do va chi
mot vai ca thé & nhom nay dugc lya chon cho
thé hé tiép theo. Qua trinh nay duoc tiép tuc
cho dén khi dat t6i s6 vong doi da duoc thiét
lap trude.

Sép xép theo khoang cach mat do 1a mot
co ché dé phan loai ca thé dwa trén nguyén tic
céc ca thé & xa nhau s& duoc wu tién hon cac
c4 thé ndm gan nhau nham dam bao tinh da
dang cho quan thé. Ky thuat nay dura trén mot
chi s6 duoc goi 1a khoang cach mat do. Chi
sd ndy c6 thé duoc hinh dung nhu chu vi cua
hinh chit nhat dugc tao thanh boi nhirng ca thé
gan nhét véi ca thé dang duoc xem xét trong
bai toan tdi wu hai muyc tiéu nhu trong Hinh 2.

hy
A

C4 thé nam trén
cung mot nhom

Cathé
xem xét

> I
Hinh 2. Minh hoa chi sb khoang cach mat do.

Minh hoa thuat toan NSGA-II duogc trinh
bay trong Hinh 3.
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Si

\4

Py

[ 5]

E—

K§ thuat
sép xép
nghi¢m

khong troi

Ro

s

\4

K¥ thuat
sap xép
theo khoang
cach mat do

Loai bo

Hinh 3. Cac budc chinh cua thuat toAn NSGA-II

2.3. Ky thudt xvr Iy diéu kién rang budc

Céc thuat toan tdi vu ban dau hau hét déu
duoc phat trién cho bai toan tdi uu khong co
diéu kién rang budc. Pac diém cta bai toan toi
wu két ciu 1 giai phap tim duoc can dap tng
cac diéu kién vé chiu luc, do vong, d0 manh.
Trong nghién ctru, k¥ thuat xir Iy diéu kién
rang budc “Uu tién tinh kha thi” [16] duoc st
dung dé co thé ap dung thuat todn NSGA-II
giai quyét bai toan toi wu két cdu gian thép.
Day 1a mot k§ thuat xtr 1y don gian, khong
phat sinh thém tham s6.

K¥ thuat nay dua trén thuc té 1a khi danh
gia mot phuong an thiét ké, k¥ su ludn kiém
tra giai phap d6 c6 dam bao cac diéu kién rang
budc khong (hay noéi cach khac 1a c¢o kha thi
khong). Néu mot diéu kién rang budc b vi
pham, phuong an do s€ bi loai ngay ma khong
can xem xét gia thanh, chi phi. Vi vay trong
bai toan tdi uvu da muc tiéu, khi so sanh va lya
chon gitra hai phuong an:

- Gitra phuong an vi pham va phuong an
khong vi pham diéu kién rang budc, phuong
an khong vi pham s€ dugc chon.

- Néu ca hai phuong 4n déu khong vi
pham bat ki diéu kién rang budc nio, phuong
an s€ duoc lya chon dua trén ham muc tiéu.

- Néu ca hai phuong an déu vi pham diéu
kién rang budc, phuong an nao vi pham it hon
s€ duoc Iva chon.

Trong 1ap trinh, k¥ thudt trén dugc cu thé
hoa bang cach thay thé ham muc tiéu /(x) thay
béng ham muc tiéu méi H(x):

néu g, (x)<0,Y)
(5)

h(x)
- fggj(f‘)

H(x)= nguoc lai

trong do h_ 1a gié tri 16n nhat ctia ham A(x),
con g(x) la diéu kién rang budc thir j, m 1a
tong s6 diéu kién rang budc.

2.4. Ky thudt xir Iy bién roi rac

Bai toan tbi uu tiét dién gian thép thuong
13 bai toan ti wu roi rac do tiét dién gian phai
lga chon trong mot danh muc quy cach thep
hinh co san trén thi truong Pé xur 1y van dé
nay, mdi dién tich tiét dién ctiia phuong an méi
tao ra s& dugc thay bang gia tri 16n hon gan
nhét trong danh sach lya chon.

3. VIiDU THUC TE

3.1. Dix ligu thiét ké

Trong phﬁn nay, thuat toan NSGA-II dugc
trién khai t6i vu da muc tiéu cho mot két cau
gian mai cua mot khu vuc t?mg ham co kich
thuoce 33x33 m. Mai duoc dat trén cac dinh
cot bé tong cdt thép. Bude cot B=6 m. Khoang
cach gitra hai cot d6i dién L=30 m. Theo yéu
clu kién tric, mai duoc d6 san bé tong bt
thép, phia trén c6 mot 16p dat hoan thién dé
tao canh quan. Tong tai trong thuong xuyén
(bao gdm trong lwong ban than san bé tong cdt
thép, hé dam phy, trong luong cic 16p hoan
thién va cac thiét bi treo budc) 1a DL=5 kN/m>.
Trén mai cho phép céc loai xe 6 td nhu xe con,
xe khach va xe tai nhe co tong trong luong
khong 16n hon 30 kN luu thong. Tai trong tam
thoi phan bd déu ldy bang LL=5 kN/m?.
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3.2. Lwea chon gidi phdp két cdu

Can ctr theo hinh dang kién trac, lya chon
g1a1 phap gian truc giao ké trén 20 cot bé tong
bé tri theo chu V1 ctia cong trinh, mdi gian co
dang tam giac gdm hai thanh canh trén va mot
thanh canh dudi nhu thé hién trong Hinh 4.
Chiéu cao gian khong ddi trén toan b mai
h=1,5 m. Céc thanh gian s dung tiét dién
thép 6ng dang hop vudng, lién két véi nhau
bang phuwong phap han giao tuyén (Hinh 4(c)).
Gbi gian duoc thiét ké dang khép ¢ dinh.

Cac thanh gian dugc phan loai thanh 6
nhom nhu Hinh 5. Céac thanh canh trén, canh
dudi, bung o gén géi tua thudéc nhom T1, DI,
B1, céc thanh cénh trén, canh dudi, bung &
gitra mai thudoc cac nhom T2, D2, B2. Céc
thanh trong cting mot nhom c6 tiét dién giéng
nhau duoc chon tir danh sach 41 loai thép 6ng
dang hop vuodng tir 0503 dén [300x10
tham khao quy cach san pham cua Hoa Phat.
Ong thép duoc ché tao tir thép cc-bon thap
ASTM A500 cip C c6 gii han chay f =345
MPa va gidi han bén f,=425 MPa. Cu0’ng do
chiu kéo tinh todn theo gidi han chay fy y fy /
Y,,~ 313,6 MPa.

A‘V -‘.\YAA

AN A
[SZTSS

V2
N 74 N

L\
AR S R AN

A“.'//A'A\ .L'ﬂﬂl"k‘\"i‘”\\'ﬁ"A\\lA i

Y/

30 m

(a) So db khong gian

6m

6m

6m

6m

6m _

6m | 6m | 6m [ 6m
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Hinh 5. Phén loai tiét dién thanh cta %4 gian.

Hé dam phu d& san dat tai dung nut gian.
Céc loai tai trong phan bd déu trén mai dugc
quy vé tai trong tap trung dat tai nut gian, do
d6 noi luc trong thanh gian chu yéu 1a lyc

doc truc. Viéc kiém tra di€u kién chiu luc va
d0 manh can ctr theo tiéu chuan thiét ké hién
hanh. Hé s0 diéu kién lam viéc cua cac thanh

giany =0,9.
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3.3. T6i wu da muc tiéu két cdu gian thép

Céc tham s6 chinh cua thuat toan NSGA-
11 dugc thiét 1ap nhu sau: s6 luong c4 thé trong
quan thé NP=30; budc lai ghép sir dung phép
lai chéo nhi phan mé phdéng (SBX); budc
dot bién str dung ky thuat dot bién da thuc
(polynominal); s6 vong doi ti da n,=100.

Trong nghién clru nay, thuat todn NSGA-
Il duoc lap trinh bang ngdn ngir Python, ¢o
sir dung cac thu vién ma nguén md numpy,
pymoo. Phan tich két ciu gian dya trén phuong
phap d6 cing truc tiép va ciing duogc 1ap trinh
bang ngdn ngit Python.

Két qua toi uvu da muc tiéu két cau gian
bang thuat toan NSGA-II sau 100 vong doi
dugc trinh bay trong Hinh 6. Thoi gian tinh
toan mot 1an t6i wu 1a 798 s.
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3 11.0 °

100 2 fu

e EE= . " e e S At

i | W%

o 9.0 CAOO

£ =

3 D) %% @

g 80 OA

g Cogq
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Trong lwong gian W (daN)

Hinh 6. Bién gi¢i Pareto sau 100 vong doi.

Can ct trén két qua nhan dugc, mdt $6
nhan xét duoc rat ra nhu sau:

- Hai ham muc tiéu trong bai toan (trong
luong va do vong 16n nhat cua gian) 13 hai
ham mau thudn nhau. Néu trong luong gian
giam thi do vong t6i da cua gian s& ting va
nguoc lai.

- Thuat toan NSGA-II cung cép mot loat
giai phap ma tir do, k¥ su thiét ké co thé Iya
chon phuong an phu hop véi nhu cau nhét.
Can luu ¥ rang do vong gian trong truong hop
nay khong phai 1a diéu kién rang budc ma 1a
ham muc tiéu, vi thé viéc lua chon phuong
an can can nhic thém diéu kién do vong gidi
han. Theo TCVN 2737:2023 [17], dbi voi mai
va san tdng cta bai dd xe trong nha cd nhip
L = 24m, do vong dung gidi han f, theo yéu
cau cong nghé ldy bang £/300=10 cm thé hién
bang duong ngang net dit mau do trén Hinh
6. Nhu vay mot s6 phuong 4n t6i wu trén bién
gidi Pareto khong thoa man diéu kién do vong.
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- Sau khi loai bo nhitng phuong an t6i wu
khong théa man diéu kién do vong, mot sd
phuong 4n dang cha y duoc tong hop trong
Béang 1. Phuong 4n A 1a phuong an c6 trong
luong gian nho nhét (71728,7 daN) nhung do
vong 16n nhat (9,9 cm). Day ciing 1a phuong
an tim duogc khi sir dung thuat toan GA véi
bai toan t6i wu don muc tidu trong lugng gian
thép. Nguoc lai Phuong 4n B 1a phuong an
¢6 trong luong gian 16n nhat (146463 daN)
nhung d6 vong nho nhét (6,0 cm). Phuong an
C 1a phuong an c6 ca hai gia tri myc ti€u &
mirc d§ trung binh (91484,7 daN va 7,9 cm).

- So vo1 phuong an A, phuong an C tang
trong lugng thém 28% va do vong gidm 20%,
con phuong an B tang trong lugng thém 104%
nhung d6 vong ciing chi giam 39%. C6 thé
thay mdi quan hé giira d6 vong va trong luong
gian cua cac phuong an trén bién gidi Pareto
1a phi tuyén.

- Ngoai ba phuong &4n da néu, mdt phuong
an dang chu y khac la phuong an D c6 trong
lugng 76095,7 daN tang chi 6% so v&1 phuong
an A nhung d¢ vong giam 9% chi con 9,1 cm.

- Néu uu tién muc tiéu tdi thiéu hoa trong
luong gian, ki su thiét ké nén lua chon phuong
an A. Do vong 16n nhat ctia gian theo phuong
an A lén toi 9,9 cm, gan sat voi do vong dung
gi61 han theo quy dinh trong [17]. Nguoc lai,
néu uu tién t6i da hoa do cung gian, k§ su nén
lya chon phuong an B. Phuong an nay du gian
c6 do cung 16n nhung trong luong ting gip
doi so vai phuong an A. Hai phuong 4n C va
D 1a cac phuong an hai hoa gitra hai muc tiéu.

- Ttr gbe do cua ki su thiét ké két cau, khi
xem xét dong thoi ca hai yéu t6 ky thuat va
kinh té, c6 thé thiy phuong 4n hop 1y nhat 1a
phuong 4n D véi trong lugng twong d6i nho va
do vong khong qué sat voi do vong gidi han.

Bang 1: M6t s6 phuong an t6i wu tim dugc

Phuong an

;‘; A B C D

T1 |200%6 020010 |J250%6 [J200x6
T2 |O250x10 |300x10 (300x10 (J300x10
D1 |0250%x6 030010 |J300x8 [180x10
D2 |O0250x10 |O300x10 |300x10 |250%10
B1 |O150%5 O180x8 |O150%5 O150%5
B2 (O100x6 O0250x8  |0180%6 0100x8
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4. KET LUAN
Bai bdo trinh bay mot nghién ctu thir
nghi¢m &p dung thuat toan tdi wu da muc tiéu

NSGA-II trong cong tac thiét ké gian thép véi

hai ham muc tiéu dit ra 13 t6i thiéu hoa dong

thoi trong lwong gian va do vong tbi da cua
gian. Két qua thu duoc 1a mot tap hop cac giai
phap ¢ uu thé twong duong nhau, khong co

giai phap nao tét nhat. Két qua thu duoc s&

c¢6 ¥ nghia tham khao, goi y cho ky su thiét

ké. Can ctr vao do, k¥ su thiét ké co thé lya
chon phuong an phu hop véi nhu cau nhat.

Thong qua mdt vi du bang sb voi mot cong

trinh trong thuc té, nghién ctru da chirng minh

thuat toan NSGA-II c6 thé ap dung trong cong
tac thiét ké.

LOI CAM ON

Nghién ciru nay dugc tai tro boi dé tai

NCKH “Téi wu da muc tiéu két cAu gian

thép”, ma s6 23-2025/KHXD ctia Truong Dai

hoc Xay dung Ha Noi.
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