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Tém tat: Cdc thudt todn mé-ta o-rit-tic dang dwge sir dung réng rdi cho thiét ké téi wu cong trinh
nho khd nang manh mé cia ching trong viéc tim kiém céc nghiém t6i wu toan cuc. Tuy nhién, hiéu
qua ciia cdc thudt todn ndy con tiry thudc vao ddc diém cia I6p bdi todn t6i wu dge xem xét. Do
do, viéc hiéu ré wu nhuoc diém cia cdc thudt todn t6i vu la hét sirc can thiét dé cé thé van dung mot
cdach hiéu qua trong cong tac thiét ké. Trong bai bdo ndy, ba thudt todn t6i wu mé-ta o-rit-tic hién
dai dwoc nghién ciru dp dung cho bai todn thiét ké t6i wu két cdu dan sir dung phan tich phi tuyén
tinh phi dan héi bao gom: gidi thudt di truyén vi mé (micro-GA), thudt todn t6i wu Rao va thudt
todn tién héa vi phan thich nghi (EapDE). Dan thép khong gian 72 thanh véi 16 bién thiét ké duwoc
xem xét cho ca hai triecong hop bién roi rac va bién lién tuc. Két qua cho thdy EapDE tim duwoc két
qua va t6c do t6i wu tét hon hai thudt todn con lgi.

Tiur khéa: Dan thép, tbi uu, giai thuat di truyén, Rao, tién hoa vi phan, phan tich truc tiép.

1. PAT VAN DE

Két cau dan duoc st dung rat phd bién hién
nay trong ca cong trinh xay dung dan dung va
cong nghi¢p nho kha nidng vuot nhip lon, hinh
dang phong ph, tiét kiém vat liéu, v.v. Vat liéu
sir dung cho hé dan chu yéu 1a vat lidu thép véi
dac tinh chung 1a loai vat li¢u déo, lam vi¢c chu
yéu ngoai mién dan hdi. Chinh vi vay, cic
phuong phap phén tich phi tuyén tinh phi dan
hoi dang duge st dung ngay cang nhiéu cho tinh
toan két cdu dan (Trwong va Kim 2018,
Sadollah va nnk. 2015).

Thiét ké toi vu 1a hudng nghién ctru méi
day tiém ning va thu hat dugc sy quan tdm
16n tir cong dong khoa hoc nhd uwu diém vuot
troi trong viéc dua ra cac phuwong an thiét ké
t6i wu héa dugc muc tiéu dit ra ma van dam
bao cac diéu kién theo yéu cau cua tiéu chuin
(Ha va nnk. 2018, Truong va nnk. 2017,
Truong va Kim 2017). Tuy nhién, bai toan
thiét ké t6i wu dan thép sir dung phan tich phi

! S xdy dung tinh Ninh Binh
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tuyén tinh phi dan hoi lai trd 1én kha phic tap
va ¢6 do phi tuyén cao do dic tinh phi tuyén
ctia cong trinh. Di v6i 16p bai toan tbi wu
nay, cac phuong phap téi wu mé-ta o-rit-tic
hién dai dugc uu ti€n st dung (Ha va nnk.
2018, Truong va nnk. 2017, Truong va Kim
2017). Pic diém cua cac thuat toan nay 1a kha
ning can bang giita tim kiém dia phuong va
tim kiém toan cuc. Tir 6, cho phép tim kiém
dugc cac nghiém t6i vu hiéu qua. Nhuoc diém
cua chung lai 1a cac nghiém t6i uu tim duogc
thuong khong phai 1a nghiém téi wu tot nhat
ma chi “gan t6t”. Tuy nhién, ddi véi cac bai
toan tdi wu phtc tap, viéc tim kiém nghi¢m toi
vu toan cyc thuong 13 bat kha thi. Luc nay, két
qua cua thuat toan mé-ta o-rit-tic hoan toan
chép nhan dugc. Dudi quan diém do, rat nhiéu
thuat toan t6i uu mé-ta o-rit-tic duoc xay
dung. Trong do, ndi bat nhit 1a cac thuat toan
sau. Giai thuat di truyén (Genetic Algorithm —
GA) dya trén nguyén 1y cua di truyén trong tu
nhién (Carrol 1999). Thuit toan Rao dugc dé
xuat nim 2020 vé&i cach tiép can hién dai la
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khong st dung bat cir tham s6 hé thong nao
(Rao 2020). Thudt toan tién héa vi phan
(differential evaluation) (DE) cai tién do
Truong va cong su (Truong va nnk. 2020) dé
xuat sir dung k¥ thuat dot bién ‘DE/pbest/1’
va gidi phap tu thich nghi. Ky thuat nay duoc
dat tén la EapDE.

Trong bai bdo nay, hi¢u qua ctua ba thudt toan
t6i wu mé-ta o-rit-tic dwgc dé cap ¢ trén dbi vai
bai toan tdi wu dan phi tuyén s& dugc nghién
cuu. Ham muc tiéu la téng khéi luong cua hé

dan. Cac bién thiét ké 1a tiét dién ngang cua
thanh dan. Piéu kién rang budc dugc xem xét
gom trang thai giéi han cuong do va trang thai
giéi han str dung. Mot dan khong gian 72 tang
dugc nghién ciru dé danh gia hiéu qua cia cac
thuat toan.

2. BAI TOAN TOI UU KHOI LUQONG
DAN THEP SU DUNG PHAN TiCH PHI
TUYEN TiNH PHI PAN HOI

Téi wu dan thép phi tuyén duge thiét lap nhu
sau (Truong va nnk. 2020):

N
Téithieu hoa: W (X)=Y pAL , (1)
i=1
Vi diéu kién:
1-If, <0 j=1.,N,
] 1<0 k=1.,N;l=1.,N
u = TR dVgdot T e S 0 (2)
|

min max
A™ < 4 < A

Véi p, L, va 4 1a khdi luong riéng cua vat
liéu, chiéu dai va dién tich tiét dién cua phan tir
thr i; X =(4,,4,,....4,) 1a véc-to bién thiét ké;
If; 1a h¢ s6 chiu tai toi da cua dan thép ung voi
t0 hop trang thai giéi han cuong do tht j; d,,
va df, 1a chuyén vi va gia tri gi6i han tuong

ung cua nat thr | & trang thai gidi han st dung
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Véi a,,, va a, lacac hé s phat. Cac hé
s6 nay duoc chon du 16n nhiam loai bo cac thiét
ké vi pham diéu kién rang budc trong qua trinh
tdi wu. Trong bai bao nay, cac hé sb duoc liy
bang 10000.

3. THUAT TOAN ME-TA O-RiT-TiC

thir k. Chi tiét sir dung phan tich phi tuyén tinh
phi dan hoi dé xéc dinh If; c6 thé tham khao
trong tai li¢u (Truong va Kim 2018).

Bai toan toi wu ¢ didu kién rang budc & trén
dugc chuyén vé bai toan khong co diéu kién
rang budc nho ap dung phuong phap ham phat
nhu sau:

3)

3.1. Giai thuit di truyén vi mé (micro-GA)

Giai thuat di truyén vi mo (uGA) 1a mot cai
tién ciia giai thuat di truyén GA bang cach sir
dung quan thé véi rat it ca thé (Carrol 1999).
Diéu nay gitip cho qua trinh ti wu nhanh chdng
hoi ty. Khi d6, pGA cho phép khoi tao lai bang
cach git lai minh ca thé tot nhat, cac ca thé khac
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s& duoc tao ngau nhién trong quan thé méi. Viée
khoi dong lai quan thé nhiéu lan trong qua trinh
t6i wu gitp nGA ngin chin sy hoi tu som va
viéc phat trién mot quﬁn thé nho dan dén su hoi
tu nhanh hon va bd nh¢ can thiét it hon dé luu
trit quan thé.

Chuong trinh t6i uu hoa bat dau bang cach
tao mot bo gia tri cho mdi bién thiét ké tir gid tri
gi6i han dudi va gidi han trén. Trong thé hé dau
tién, cac giai phap ban dau duoc chon ngiu
nhién tir tap hop cac bién thiét ké da tao. pGA
cai thién cac giai phap ban dau nay bang cach ap
dung chéo cho cac cdp giai phap bd me duoc
chon dé tao ra cac giai phap mai c6 gia tri ham
muc ti€éu nho hon. Cac gidi phap mdi nay thay
thé cac giai phap duwoc xép hang kém nhit va
quy trinh t6i uvu hoa dugc lip lai cho dén khi dat
duoc diéu kién két thic.

Ma hoéa nhi phan dugc st dung cho cac gidi
phép riéng 1¢ trong quan thé. Phuong phap chon
loc theo giai dau (tournament selection method)
duogc sir dung dé chon cac gen bd me bang k¥
thuat x40 tron dé chon cac cap ngau nhién dé
giao phdi, trén d6 ap dung thao tac trao d6i chéo
ddng nhit voi ty 16 trao dbi chéo 14 0,5. K thuét
tinh hoa (elitism scheme) duoc st dung dé dam
bao thanh vién tot nhit cua quan thé ton tai
trong mdi thé hé. Két qua tinh toan cua céc ca
thé gidng nhau dugc bao toan va cac phép toan
dot bién khong dugc st dung trong uGA. Sy da
dang cua cac giai phap dat dwgc bang cach
khoi dong lai quin thé méi dugc tao ngiu
nhién va giir lai c4 thé tot nhat cta thé hé trude.
Phuong phap phat ciing duwoc ap dung dé
chuyén d6i mot van dé tdi wu hoa bi rang budc
thianh mot van dé& khong bi gidi han. Quan thé
duoc coi 1a hdi tu khi su khac biét gitra cac bit
clia ca thé tot nhat va nhiing c4 thé khac trong
quan thé nho hon 5%.

3.2. Thuit toan t6i wu Rao

Thuat toan ti uu Rao dugc dé xuat boi nha
khoa hoc Rao nguoi An D6 (Rao 2020). Pay 1a
thuat toan khd mdi va theo truong phai gidm

thiéu toi da bién hé théng trong thuét toan. Thuc
té, thuat toan Rao khong stt dung mot tham )
h¢ thong nio. Qua trinh dot bién duoc thuc hién
chi duva trén ca thé tot nhét va ca thé kém nhat.
Do vay, thuat todn Rao t6 ra kha don gian, dé
hiéu va d& str dung. Rao dé xuat 4 ky thuat dot
bién co ban duge dit tén la Rao-1, Rao-2, Rao-3
va Rao-4. Trong s6 d0, thuat toan Rao-2 duoc
danh gi4 1a 6n dinh va tot hon trong kha nhiéu
nghién ctu dugc thyc hién. Do viy, trong
nghién clru nay, chi thuat toan Rao-2 dugc xem
xét véi phurong trinh dot bién nhu sau:

X;' =X, +1 (X =X, )5 d (X, |_|Xj D, 4

Trong d6 x, 1a ca thé dot bién dugc tao ra

worst

cho céc thé thir i cia quan thé, x;; x,,, va X,
14 c4 thé tot nhat va kém nhit trong quan thé; r,
va r, la cc vec-to s6 dugc tao ngau nhién trong
doan [0,1]; d=1 néu gia tri ham muyc ti€u cla x,
t6t hon cua X, ; ngugc laithid =-1.

3.3. Thuit toan tién héa vi phin thich nghi
(Adaptive DE)

Thuét toan t6i wu tién hoa vi phan (DE) duoc
Storn va Price dé& xuét ndam 1997 (Storn va Price
1997). Tir d6 dén nay, da co rat nhidu phién ban
cai tién cua thut toan nay ra doi va déu cho
thdy sy hiéu qua rat 16n. Mot trong nhiing phién
ban DE cai tién méi nhét 1a EapDE do Truong
va nnk. (2020) dé¢ xuat. Trong phuong phéap DE
thong thuong, ‘DE /rand / 1’ va ‘DE / best / 1°
14 hai chién luoc dot bién phd bién co tac dong
trai ngugc nhau trong viéc can bang cac tim
kiém toan cau va cuc bd cua tdi wu hoa. Cu thé,
cd nhan thir nghi€ém dugc tao dua trén mot ca
nhin ngau nhién va ca thé tt nhat tuong tng
véi viée su dung ‘DE /rand / 1’ va ‘DE / best /
1°. Do @6, ‘DE / rand / 1’ tham do toan cAu tbt
hon nhung hoi tu chdm hon so véi ‘DE / best /
1’. Dé tan dung loi thé ciia cac phuong phap
nay, chién lwoc ‘DE / pbest / 1’ dugc st dung
trong phuong phap mEpDE trong dé gid tri p
duoc tinh nhu sau:
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V6i NP 1a sb ca thé trong quan thé; DI() la

chi s6 danh gia muc do da dang cua quan thé.

Néu DI, 16n chiing ta c6 thé doan rang cac céa

thé van con phan tan cao, vi vay viéc duy tri sy
da dang cua cac ca thé dugc wu tién hay nén
chon gia tri p 16n va nguoc lai. Dl(t) duoc xac

dinh nhu sau:
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4. TRUONG HOP NGHIEN CUU

Dan thép khong gian 72 thanh véi hinh dang
nhu trong Hinh 1 dugc nghién ctu. 72 thanh
dan duge chia thanh 16 loai tiét dién khac nhau
tuong tng véi 16 bién thiét ké 1a: (1) A -A,;

2) A 'Alz; 3) A13_A16’ 4) A17 AIS’ (5)
Ap-Ays (6) Ay-Ays () Ay-Ay; (8)
As-A; (9) Ap-AL (10) AL -A,: (1)
A49 'Asz ; (12) A53 'A54 ; (13) Ass 'Ass; (14)
Ay-Ay; (15) A,-A.; (16) A, -A.,. Khoi

lwong riéng cia vat lidu bang 2767,99 (kg / m3).
Tai trong gid véi cuong do 50 (kN) dugc
chuyén thanh tai trong diém tai cac nit dan theo
phuong X. Tinh tai va hoat tai duoc quy vé nhur
tai trong tap trung tai moi nut cua dan va c6 gia
tri déu 1a 50(kN). Cac thong sb thiét ké toi vu
duoc thé hién trong Bang 1.

TANG DIEN HINH

Hinh 1. Gian khong gian 72 thanh
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Bang 1. Thong tin tém tit vé trudng hop nghién ciru

Khong gian bién thiét ké lién tuc

[64,516; 22580,6] (mm®) hay 14 [0,01; 35,0] (in)

Khong gian bién thiét ke rdi rac

List(42)=[1,62; 1,80; 1,99; 2.13; 2,38; 2.62; 2,63; 2,88; 2,93;
3,09; 3,13; 3,38; 3,47; 3,55; 3,63; 3,84; 3,87; 3,88; 4,18;
4,22; 4,49; 4,59; 4,80; 4,97; 5,12; 5,74; 7,22; 7,97; 11,5;
13,5; 13,9; 14,2; 15,5; 16,0; 16,9; 18.8; 19,9; 22,0; 22.9;
26,5; 30,0; 33,5] (in’)

biéu kién rang budc

T4 hop cudng do: (1,4D; 1,2D+1,6L; 1,2D+0,5L+1,7W)
T hop sir dung: (1,0D+0,5L+0,7W) vé&i khéng ché chuyén
vi léch tang 1a H/400

Dicu ki¢n durng qua trinh to1 uvu

Tong s6 1an dénh gia ham muc tiéu = 5000
Hoic cé thé tot nhat khong thay dbi trong s6 vong lién tuc 1a = 1250

EapDE S4 ca thé trong quén thé = 20; Sd vong lap = 250; F = 0,7;
CR = Rand (0;1)

Rao-2 S6 ca thé trong quan thé = 20; S6 vong lap = 250
micro-GA S c4 thé trong quan thé = 10; S6 vong lip = 500

Bang 2. Két qua tdi wu véi bién thiét ké roi rac
Nhom bién thiét ké (mm2) Rao-2 Micro-GA EapDE
1: Al-A4 7419,340 7419,340 7419,340
2: A5-AI2 1858,061 1696,771 1690,319
3:  Al3-Al6 1045,159 1045,159 1045,159
4:  Al7-Al8 1045,159 1161,288 1045,159
5. Al19-A22 4658,055 4658,055 4658,055
6:  A23-A30 1283,868 1283,868 1283,868
7:  A31-A34 1045,159 1161,288 1045,159
8: A35-A36 1045,159 1161,288 1045,159
9:  A37-A40 2290318 2503,221 2238,705
10: A4l - A48 1045,159 1045,159 1045,159
11: A49 - A52 1045,159 1374,191 1045,159
12: A53-A54 1045,159 1161,288 1045,159
13: A55- A58 1045,159 1045,159 1045,159
14: A59 - A66 1045,159 1045,159 1045,159
15: A67 - A70 1045,159 1045,159 1045,159
16: A71-A72 1045,159 1045,159 1045,159
Khdi hrong tot nhét (kg) 894,880 910,510 882,220
Khdi hrong kém nhét (kg) 907,899 981,640 885,050
Khdi hrong trung binh nhit (kg) 900,864 947,266 883,063
Do léch (kg) 3,033 22,777 1,081
S lan trung binh d4nh gid ham muyc tiéu 4968 5000 3633
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Bang 3. Két qua tdi wu véi bién thiét ké lién tuc

Nhom bién thiét ké (mm?) Rao-2 Micro-GA EapDE
1: Al-A4 7477,1 7075,1 7669,2
2: A5-Al2 1745,9 2053,5 1703
3: Al3-Al6 144,27 498,56 191,59
4: Al17-Al8 173,08 82,232 237,05
5. A19-A22 46089 45433 4673,1
6: A23-A30 1455,5 1596,6 1474,5
7: A31-A34 112,68 483,43 70,44
8: A35-A36 477,06 222,72 460,29
9:  A37- A40 2643 3607,4 2520,9
10: A41 - A48 964,38 958,12 918,43
11: A49-A52 157,82 493,13 122,98
12: A53-A54 281,14 857,23 186,99
13: AS55- A58 830,69 896,8 740,91
14: A59 - A66 621,77 747,9 673,68
15: A67 - A70 221,9 321,58 163,77
16: A71-A72 555,22 548,11 579,57
Khdi hrong tot nhét (kg) 694,396 779,125 676,680
Khdi hrong kém nhét (kg) 717,977 1044,315 689,680
Khdi hrong trung binh nhit (kg) 703,625 908,213 681,866
Do léch (kg) 7,855 84,263 4,331
S 1an trung binh danh gia ham muc tiéu 5000 5000 4167

Bang 2 va 3 trinh bay két qua téi wu ctia gian 180

\ Y A 1A s \ 1A 1700 { |
trong truong hgp céc bién thict ké roi rac va lien 4 - - = “Micro-GA
. . P . 1600
tuc. Ket qua cho thay EapDE tim kiém dugc thiet 2 EpDE
< WA

ké t6i wu c6 khdi lwong nhé nhét trong ca 2 £ 1w |
truong hop bién roi rac va lién tuc. Két qua £ 1304
twong (g 1a 882,22 va 676,68 (kg). Pong thoi.  1m ]
EapDE ciing t6 ra 6n dinh hon Rao-2 va pGA vi £ 111
c6 thiét ké t6i wu kém nhit duge tim thdy cling |

nhu gid tri trung binh va d§ léch chuan cua céc | | | |
thiét ké t6i uu 13 nho hon so véi két qua cua Rao- 0 1000 2000 3000 4000 5000
2 va uGA. EapDE cling hdi tu nhanh hon Rao-2 S0 lan Ganh gid ham mye 0

va nGA nhu c6 thé quan sat duoc tir Hinh 2 va 3.
Do do6, EapDE dugc coi 1a hi¢u qua hon Rao-2
va nGA trong nghién ciru dién hinh nay.

Hinh. 2. Qua trinh toi wu cua cac thudt toan
voi bien roi rac
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Hinh. 3. Qua trinh toi vu cua cac thudt toan
voi bien lién tuc

5. KET LUAN

Hi€u qua cua cac thuat toan tdi wu mé-ta o-
rit-tic cho thiét ké t6i wu két céu dan phi tuyén
dugc nghién curu. Ba thuat toan t6i vu duge xem
xét la Micro-GA, Rao-2 va EapDE. Ham muc

TAI LIEU THAM KHAO

tidu 14 tong khéi lwong cua ca hé dan. Cac diéu
kién rang budc gém diéu kién vé kha ning chiu
tai theo trang thai giéi han cuong do va khong
ché chuyén vi theo trang thai gidi han st dung.
Viéc danh gid hi¢u qua cta cac thuat toana dugc
thyc hién thong qua toi wu dan thép khong gian
72 thanh v&i 16 nhom bién thiét ké. Hai dang
bién thiét ké va lién tuc va roi rac dugc nghién
ctru. Két qua tinh toan cho thiy ca 3 thuét toan
duoc xem xét déu hiéu qua trong viéc thuc hi¢n
thiét k& t6i wu dan thép. Thuat toan EapDE thé
hién ndi troi hon hai thuét toan con lai do tim
duogc két qua toi wu va c6 toe do hoi tu tdt hon.
Nghién ctru nay cho thiy viéc Gng dung cac
thuat toan tdi wu mé-ta o-rit-tic vao bai toan
thiét ké hé dan phi tuyén 1a rat hiéu qua va nén
nghién ciru 4p dung vao cong tac thiét ké hang
ngay cua k¥ su.
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Abstract:
OPTIMIZATION OF TRUSS STRUCTURES USING METAHEURISTICS

Metaheuristic algorithms have been widely used for structural optimization design because of their
powerful ability to find globally optimal solutions. However, the efficiency of these algorithms
depends on the characteristics of the class of optimization problems considered. Therefore,
understanding the advantages and disadvantages of optimization algorithms is essential to apply
them effectively in the design work. In this paper, three modern metaheuristic algorithms are
studied and applied to the optimal design of truss structures using nonlinear inelastic analysis,
including micro-genetic algorithm (micro-GA), Rao optimization algorithm, and the adaptive
differential evolutionary algorithm (EapDE). The 72-bar space steel bar with 16 design variables is
considered for both discrete and continuous variables. The results show that EapDE finds the
optimal results and speed better than the other two algorithms.

Keywords: Truss structures, optimization, genetic algorithm, Rao, differential evolution,
advanced analysis.
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