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AT LIEU

Ung dung thuat toAn SHAMODEWO trong ti wu héa da muc tiéu két ciu
khung thép cao ting véi phan tich phi tuyén

Ho6 Ngoc Khoa!, Luu Vin Thuc!, L& Ngoc Thanh!, Cao Tudn Anh', Nguyén Quang Pat!, Tran Hong Hai'"
!B mon Coéng nghé va Quan ly X4y dwng, Khoa Xay dung dan dung va céng nghiép, Trieong Pai hoc Xay dung Ha Noi

TU KHOA TOM TAT

Téi wu Téi wu héa da muc tiéu két ciu khung thép cao ting 14 mot bai todn phic tap, doi héi can bing giita trong

Ba myc tiéu lugng vat liéu va chuyén vi, ddng thoi xét dén Gng x phi tuyén va cic rang budc thue té. Bai bdo dé xuft

iI;AM(::FWO ng dung thuét toAn SHAMODEWO (Success-History based Adaptive Multi-Objective Differential Evolution
ung thép

with Weighted Operators) dé giai quyét vin d& ndy, két hop phan tich trie tiép (direct analysis) theo cic
tiéu chuén thiét ké AISC. SHAMODEWO 14 thuét toén lai dya trén SHADE, két hop ki thuét p-best tit DE va
xép hang khéng trdi tit NSGA-IL, sit dung kho litu trit ngoai dé ting da dang tip nghiém Pareto va diéu chinh

Phan tich tryc tiép

tham sb tu dong nhim cai thién hiéu suit hoi tu. Phuong phép nay vugt trdi so vGi cac thuat toan truyén
théng nh& kha ning xi 1y khong gian giai khong 16i, giam s6 lwgng danh gid ham muc tiéu va dam bao phan
bd giai phap téi vu déu din. Hiéu qua cta thuit todn dugc dénh gia théng qua trudng hgp nghién citu
khung 5 x 14, v6i cdc muc tiéu t6i thiéu héa trong Iwgng va d6 léch ting cta két cdu dudi tac dung cua tai
trong. Két qua nghién cttu chitng to SHAMODEWO 12 c6ng cu hiéu qua cho thiét ké két cAu phtc tap, gop
phan tiét kiém tai nguyén va nang cao do tin cay trong k¥ thuit xiy dung.

KEYWORDS ABSTRACT

Optimization Multi-objective optimization of high-rise steel frame structures is a complex problem that requires balancing
Multi-objective
SHAMODEWO

Steel frame

material weight and displacement while considering nonlinear behavior and practical constraints. This paper
proposes the application of the SHAMODEWO algorithm (Success-History based Adaptive Multi-Objective
Direct analysis Differential Evolution with Weighted Operators) to address this issue, combined with direct analysis
according to AISC design standards. SHAMODEWO is a hybrid algorithm based on SHADE, incorporating p-
best techniques from DE and non-dominated ranking from NSGA-II, utilizing an external archive to enhance
the diversity of the Pareto solution set and automatically adjusting parameters to improve convergence
performance. This method outperforms traditional algorithms due to its ability to handle non-convex solution
spaces, reduce the number of objective function evaluations, and ensure an even distribution of optimal
solutions. The algorithm's effectiveness is evaluated through a case study of a 5 x 14 frame, with objectives
to minimize weight and story drift of the structure under load effects. The research results demonstrate that
SHAMODEWO is an effective tool for designing complex structures, contributing to resource savings and

enhanced reliability in construction engineering.

1. Giéi thiéu chung phi dan hdi ctia ciu triic dudi céc tai trong phiic tap nhu tinh tai, hoat

tai, va/hodc tai trong gié.

Két cAu khung thép cao ting ngay cang déng vai trd quan trong
trong cac cong trinh d4n dung va c6ng nghiép nhd viao d6 bén vuot troi,
kha nang chiu lyc cao va tinh linh hoat trong thiét ké. Tuy nhién, viéc
thiét ké t6i wu cdc két cAu nay doi hoi phai can bing giita nhiéu yéu t§
nhu chi phi, an toan, va hiéu suét st dung, dic biét trong bbi canh yéu
ciu vé& bén vitng va tiét kiém tai nguyén ngay cang dugc chi trong. Bai
toan t6i wu hoéa két ciu khung thép, dic biét 1a khung thép cao ting,
thuwong phiic tap do phai xét dén cac rang budc phi tuyén tinh v& cudng

d6, chuyén vi, va kha ning thi cong, ciing nhu @ng xi phi tuyén tinh
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Trong hon 3 thip ky qua, cac nghién ctu ti wu héa khung thép
thuwdng tip trung vio don muc tiéu, ching han nhv ti thiéu héa téng
khéi lugng hodc chi phi vit liéu duwéi cic rang budc thiét ké theo tiéu
chuin nhv AISC-LRFD [1]. Vi dy, nghién c®u ctia Degertekin va cs. [2]
st dung thudt to4n tabu search va genetic algorithm dé t6i wu héa
khung thép phi tuyén v6i cac két ndi ban ciing. Truong va cs. [3] xay
dung thuét toan tién héa vi phan (DE) ty thich itng dé t8i wu khéi lvong
khung thép c6 xét dén thiét ké panel zone tai khu virc giao gitta dim va
cot. Pham va cs. [4] ciing da Gng dung thianh céng thuét todn DE dé
giai quyét vin dé co ngin cot trong qué trinh thi c6ng nha cao ting.
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Gan dday, trong nghién cttu nim 2023, Vu va cs. [5] di x4y dyng bai
toan téi u don muc tiéu cho khung thép véi ham muc tiéu 12 t6i thiéu
héa tdng khéi luvgng cta két cdu. Ung x¢ phi tuyén ctia cong trinh dugc
xét dén trong nghién citu nay. Tuy nhién, trong thuc té, thiét ké khung
thép cao ting ciAn dap Gng ddng thoi nhidu tiéu chi, nhv giam khéi
lwong dé tiét kiém chi phi va kiém soat chuyén vi 1éch ting dé dam bao
an toan va thoai méi s dung. Piéu nay din dén sy phét trién cta cac
bai toan t6i wu héa da muc tiéu, noi nghiém t6i wu khong phai 1a mét
giai phap duy nhat ma 13 mét tap hop cic phuong 4n Pareto, cung cip
cho k¥ su thiét k& nhidu Iva chon pht hgp véi cac vu tién cu thé. Mot
s6 nghién citu ndi bat gin dy trong viée t&i wu da muc tidu két ciu
cong trinh 6 thé k& dén nhu 12: gian tuyén tinh [6-8] va gian phi tuyén
[9-11]. Tuy nhién, s6 lugng cac cong bd nghién citu vé tdi wu da muc
tiéu cho khung thép van con han ché, khéng dang ké. Bidu nay, chva
twong xitng v6i vai trd ctia két cAu khung thép trong xay dung dan dung
va cong nghiép, dic biét 1a két cAu nha cao ting.

Phén tich phi tuyén tinh 13 mét cong cu quan trong dé mé ta
chinh xac Gng xi clia két cAu thép néi chung va khung thép cao ting
ndi riéng, dic biét khi xét dén cc hiéu @ng phi tuyén hinh hoc (P-A, P-
8) va phi tuyén vat liéu (dan hdi-déo). So v6i phan tich tuyén tinh, phin
tich phi tuyén mang lai thiét ké thuc té hon, nhv da dugce chitng minh
trong nghién cu cua Truong va Kim [12] thong qua viéc ap dung thuét
toan tim kiém hai hoa (HS) trong t6i vu khung thép phi tuyén c6 xét
dén d6 tin cdy ctia cong trinh. Twong tw, Nguyen va cs. [13] di xay
dung bai toan tbi wu da muc tiéu cho khung thép st dung phan tich
tryce tiép, xem xét ddng thoi tdng khdi lwong va chuyén vi léch ting,
v6i thuat toan téi wu da muc tiéu Rao-DE (RDMO) dé tim tap Pareto.
Cac nghién cttu nay chi ra ring phan tich tryc tiép c6 thé mé phéng
chinh xac ng x{ phi tuyén tinh phi dan hoi, din dén cic thiét ké nhe
hon va hiéu qua hon.

Dé giai quyét bai toan t6i wu héa khung thép phi tuyén, nhiéu
thuat todn metaheuristic d@ dvoc 4p dung nho kha nang tim kiém
nghiém toan cuc trong khong gian thiét ké phtic tap. Cac thudt toan
nhv DE [14], HS [15], va t&i wu by dan (PSO) [16] da dugc sit dung
rong rii trong t6i wu héa két ciu, bao gdm khung thép va gian thép [3-
5]. Vi du, Vu va cs. [5] phat trién bién thé 2EpDE dva trén DE, giam
déng ké sb lugng phan tich két cAu cin thiét cho danh gia diéu kién
rang budc trong qua trinh téi wu. Twong tw, Truong va cs. [3] dé& xuét
phuwong phip mEpDE, tich hop thiét ké viing nit (panel zone) vio tbi
wu héa khung thép phi tuyén, cho thiy hiéu qua trong viéc giam chi phi
tinh todn va cai thién chit lwong nghiém. Gan day, Nguyen va cs. [11,
13] gi6i thiéu phwong phap lai RDMO-XGBoost, két hop thuit toan
Rao-DE vé&i ki thuat hoc may XGBoost dé giam hon 55 % thoi gian tinh
toan so v&i cac thudt toan ti wu da muc tiéu thong thudng nhu GDE3.

Mic dit cic phwong phap trén di dat dugce nhidu thanh tyu, vin
con tdn tai mot s§ han ché, dic biét lién quan dén thoi gian tinh toan
cho chuong trinh. Bai ton téi wu da muc tiéu cho khung thép cao ting
v6i phan tich phi tuyén doi héi s6 lwgng 16n phén tich ciu tric, dic
biét v&i cic khung 16n nhw 10 tAng trd 1én, din dén thoi gian tinh toan

qué lau. Bén canh d6, cdc thudt todn metaheuristic truyén théng nhw

NSGA-II hay DE tuy hiéu qua nhung thudng yéu ciu diéu chinh tham
s6 phitc tap, 1am giam tinh tu dong va kha ning thich Gng véi cac bai
toan da muc tiéu phtic tap. Viéc tich hgp hoc may dé thay thé phan tich
phi tuyén, nhu trong nghién citu ctia Nguyen va cs. [11, 13], tuy giam
thoi gian tinh todn nhung cn cai tién dé dam bao d6 chinh xac va tranh
16i dy doén sai 1&ch, diic biét khi xét dén nhiéu té hop tai trong.

Dé khéc phuc nhitng han ché nay, bai bio d& xuét tng dung thuat
toan SHAMODEWO - mét thuét todn metaheuristic lai dya trén Tién
héa khac biét thich nghi dya trén lich s thanh cong (Success-History
based Adaptive Differential Evolution - SHADE) vé6i cdc cai tién danh
riéng cho t6i vu da muc tiéu. SHAMODEWO két hop co' ché didu chinh
tham sb tu dong tit SHADE véi cac yéu t6 nhu k§ thuét p-best trong DE
va xép hang khéng troi (non-dominated sorting) tit NSGA-II, nhim ning
cao kha ning tim kiém toan cuc, da dang hoa tip Pareto, va giam sb
lwong phan tich két cAu. Thudt toan nay dic biét phit hop cho bai toan
tdi wu khung thép cao tAng v&i phan tich phi tuyén, vi né c6 thé xt 1y
hiéu qua cac rang budc phi tuyén tinh va tao ra tip hop nghiém Pareto
chét Ivgng cao.

Pé6ng gbp chinh clia bai bao bao gdm: (1) Xay dung khung toan
hoc cho bai toan t8i 1ru da muc tiéu khung thép cao ting st dung phan
tich tric tiép, v&i cadc ham muc tiéu 12 tdng khéi lugng va chuyén vi
léch ting, bién thiét ké 12 tiét dién dAm/cot tit tip W theo AISC-LRFD,
va céc rang budc vé kha ning thi cong, cudng do, va sit dung; (2) Téng
quan thuat toan SHAMODEWO va ttng dung cu thé vio bai toan tdi vu
khung thép phi tuyén; (3) Minh hoa hiéu qua ctia SHAMODEWO qua
céc vi du khung thép 5x14 ting, so sanh v&i cac thut todn GDE3 va
SHAMODE; (4) Thao luan tiém ning tich hgp SHAMODEWO véi ki
thuat hoc méy dé tiép tuc giam chi phi tinh toan.

Chu tric bai bdo duge td chitc nhu sau: Phin 2 trinh bay cong
thitc todn hoc clia bai toan t6i wu héa. Phin 3 mé ta chi tiét thudt toan
SHAMODEWO. Phn 4 gi6i thiéu cdc vi du minh hoa. Phin 5 dwa ra két
luin va hudng nghién cifu twong lai. Bai bdo nay khong chi gép phin
nang cao hiéu qua téi vu héa khung thép cao ting ma con mé ra huéng
nghién cttu m&i trong viée két hop cac thuat todn metaheuristic tién
tién v6i phan tich phi tuyén, hd trg thiét ké cac céng trinh bén vitng va
kinh té hon.

2. Thiét 1ap bai toan t6i wu da muc tiéu cho khung thép st dung
phan tich phi tuyén

Bai toan t6i wu da muc tiéu cho khung thép cao ting dwoc xay
dung nhim t6i thiéu héa ddng thi hai ham muc tiéu: tbng khéi lvong
ctia két cAu va chuyén vi léch ting 16n nhét cta cong trinh. Cac bién
thiét ké 1a tiét dién ngang ctia dim va c6t, duoc lwa chon tir tap tiét
dién W theo tiéu chudn AISC-LRFD [1]. C4c rang budc bao gdm didu
kién v& kha ning thi céng, cudng dd va st dung theo cac td hop tai
trong quy dinh trong tiéu chudn thiét k& Phén tich truc tiép (direct
analysis) duge st dung dé danh gia ng x@@ phi tuyén tinh phi dan hdi

ctia cong trinh, dam bao tinh chinh xac va thuc té trong thiét ké.
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2.1. Ham muc tiéu

Hai ham muc tiéu dugc xem xét trong bai toan t6i vu da muc
tiéu 12 tdng khéi Iwgng clia két cAu F, va chuyén vi léch tAng 16n nhét
F,, dugc thiét 1ap nhu sau:

K= :lfl PA; Z:—Tii Ly O
F, = maxZillAkl 2

trong d6: ny 1a s6 lugng nhém phin ti két cAu (nhém dim va cot);
p 12 khéi Iwugng riéng ctia thép; 4; 1a dién tich tiét dién ngang ctia nhém
thit i; ngy,; 12 s6 Iwong thanh trong nhém thi? i; Ly la chidu dai cta
thanh tht j trong nhém thi i; n, 1a s6 long tAng cla khung; A, 1a chuyén
vi 1éch ting cua tAng thi k, duoc xdc dinh tif phén tich triyc tiép.

Bién thiét ké trong bai toan 1a c4c s6 nguyén biéu thi vi tri cta tiét
dién dwoc chon ti¥ tip tiét dién W cho triede. Cic ham muc tiéu nay
thudng méau thuln 14n nhau: giam khéi ltgng c6 thé din dén ting chuyén

vi, vd nguoc lai, doi hoi phai tim tip nghiém Pareto dé can bing.
2.2. Cdc diéu kién rang bugc

Bai toan ti wu phai thoa min cac rang budc vé kha ning thi
cong, cwong do va st dung. Céc rang budc nay dugce danh gid dva trén
phan tich truc tiép, xem xét ng x@ phi tuyén tinh phi dan hdi cta
khung thép.

a) Rang budc v& kha ning thi cong: P& dam bao tinh kha thi thurc
té, tai mbi mdi nbi cot véi cot, chidu cao tiét dién cot dudi phai 16n hon
ho#c bing chidu cao cét trén. Tai méi nbi dAm véi cot, bé rong ban canh
dim phai nho hon b réng cot néu ndi v&i ban canh, hodc nhé hon
chidu cao ban bung cét néu ndi v&i ban bung. Céc rang budc nay duoe
biéu dién nhu sau:

hejower = Peyppers YMOi n8i cdt — cot  (3)
hep = he o, néundi voi ban canh cot (4)
hep < hy o, néundi véi ban bung cot (5)

trong d6: h, 14 chiéu cao tiét dién cot; bpp va by 1a bé rong ban
canh ctia dim va cot; hy,la chiéu cao ban bung cot.

b) Rang budc v& cudng do va sit dung: Cic rang budc nay duge xic
dinh theo tiéu chudn AISC-LRFD [1], bao gdm kiém tra kha ning chiu hyc
clia cong trinh va chuyén vi 1éch tAng. D6i v6i mdi tb hop tai trong 1 (tit
téng s6 n, td hop), cac rang budc dugc biéu dién dudi dang bat ding thitc:

g, X) <0, 1=1,..,n; (6)
JakiX) <0, m=1,..,n5 l=1,..,m; (7)

trong d6: g, 1a rang budc cuong d6 ctia céng trinh dudi td hop
tai trong thi I; g4, 1a rang budc chuyén vi 1éch ting cho ting thit k
dwéi té hop tai trong thit 1; X 13 vector bién thiét ké.

Cac rang budc niy dugce danh gid théng qua phan tich truc tiép,
nhim xem xét cac hiéu ting thi cAp (P-A va P-8), én dinh tdng thé va

cuc bo, ciing nhu #ng x1t dan hdi-déo ctia vat liéu thép.

2.3. Phdn tich phi tuyén va xi¢ ly rang budc

Phan tich truc tiép dugc thuc hién bing phin mém PAAP
(Practical Advanced Analysis Program) [17], tich hgp phuong phép
kiém so4t dich chuyén téng quat (Generalized Displacement Control -
GDC) [18] dé giai hé phwong trinh phi tuyén. Ung x@ phi tuyén vat liéu
duoc mé hinh héa b.'?mg bé mat chay déo Orbison [19], cho phép xac
dinh chinh xé4c sifc chiu tai va chuyén vi ctia khung thép duéi cac td
hop tai trong.

Dé xit 1y c4c rang budc trong bai toan téi wu da muc tiéu, phitong
phép so sanh mitc d6 vi pham true tiép giita 2 ca thé dugce 4p dung. Cu
thé 13, c4 thé X dugc xem 12 tot hon c4 thé Y néu nhu:

Trudng hop 1: Ca 2 c4 thé khong vi pham diéu kién rang budc:
Moi ham muc tiéu cta X khéng kém hon ham muc tiéu ctia Y va c6 it
nhéit 1 hAm muc tiéu ctia X t&t hon ham muc tiéu twong &ng cta Y.

Truong hop 2: X khéng vi pham rang budc va Y vi pham rang
budc thi X tét hon Y.

Trudng hop 3: Ca X va Y cing vi pham diéu kién rang budc: Téng
vi pham ctia X nho hon téng vi pham ctia Y thi X tét hon Y.

Bai toan tbi wu da muc tiéu duoc giai quyét bing thuit toan
SHAMODEWO, duwgc trinh bay chi tiét & phin sau, nhim tim tap
nghiém Pareto bao gdm céc phitong 4n thiét ké can bing giita hai ham

muc tiéu, ddng thi thoa mén tit ca cic rang budc.
3. Thuat toan SHAMODEWO

Thuat todn SHAMODEWO (Success-History based Adaptive
Multi-Objective Differential Evolution with Weighted Operators) la mot
thuét todn metaheuristic lai diwge phat trién dia trén nén tang cta
Success-History based Adaptive Differential Evolution (SHADE) [20],
v6i céc cai tién danh riéng cho bai toan t6i wu da muc tiéu. SHADE 1
bién thé clia DE nbi bat nh& co ché didu chinh tham sb tu déng dira
trén lich st thanh cong, gitp thuit todn thich Gng tét véi cic bai toan
phtic tap ma khong cin didu chinh tha c6ng. Tuy nhién, SHADE ban
diu dugce thiét ké cho t6i wu don muc tiéu, do 46 SHAMODEWO mé&
rong bing céch tich hop kj thuat p-best tit DE dé ting cuwong kha ning
tim kiém cuc bd, va co ché xép hang khéng trdi (non-dominated sorting)
ciing khoang céch chen chiic (crowding distance) tit NSGA-II [21] dé
x( 1y tip Pareto trong tbi wu da muc tiéu. Cac cai tién nay gitp
SHAMODEWO duy tri da dang nghiém, hoi tu nhanh chéng va phan b
déu din trén bién Pareto, ddng th&i giam sb luwgng danh gia ham muc
tiéu — mét yéu t6 quan trong trong bai toan khung thép véi phan tich

phi tuyén t6n kém.
3.1. Cdc thanh phdn co bdn ctia SHAMODEWO

Thuat todn SHAMODEWO hoat dong dwa trén dan sb
(population) ban du gdbm NP c4 thé, mbi c4 thé dai dién cho mot vector

bién thiét k& X. Qu4 trinh tién héa bao gdm céic budc: khéi tao, dbt

bién, lai chéo, chon loc va cap nhét lich st.
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a) Khoi tao dan sb: Dan sb ban diu duogc tao ngau nhién trong
khong gian thiét ké roi rac (tiét dién W tit AISC-LRFD). Kich thuée dan
s6 NP duoc diéu chinh dong dua trén d6 da dang cia tap Pareto, bit
dau tir gié tri méc dinh (vi du: 100) va giam dan khi thuét toan hi tu.

b) bot bién (Mutation): S dung chién lugce "current-to-pbest/1"
tit DE, két hop v6i diéu chinh tham sb tit SHADE:

0 = 0 4 E (1 — 20) + O (8, — x5) (8)

trong d6: v 1a vector dot bién cho c4 thé i & thé hé g; x7

) pbest lé
mét trong céc ca thé tét nhit (p-best, v&i p=NP X P,aer Prace diél chinh
tit 0,05 dén 0,2 dua trén lich si); x%, x, 14 hai c4 thé ngéu nhién; F?
12 hé sb dot bién dugce 14y tit phan b Cauchy dia trén lich st thanh
cong M.

¢) Lai chéo (Crossover): Ap dung lai chéo nhi phan v&i ty 1é CRY
tit phéan bd chun dva trén lich st Mg:

ufj = {vfj néurand < CR;" hoacj = jrana xfj ngwoc lai (9)

trong dé ufj 12 thanh phin thi j cta vector thit nghiém; j,qng
dam bao it nhAt mot thanh phin duoce dot bién.

d) Chon loc va cap nhat lich si: So sanh vector thit nghiém u}
v6i cé thé x{ dya trén quy tic & phan 2.3 (xt 1y rang budc va muc tidu).
Néu v/ tot hon, cap nhat dan sb va luvu £, CRY vao lich s thanh céng

dé didu chinh cho thé hé sau.
3.2. Cdi tién cho tbi vu da muc tiéu

Pé xit 1y da muc tiéu, SHAMODEWO sit dung xép hang khéng
trdi (non-dominated sorting) dé phan loai dan sé thanh céc 16p khong
trdi, noi 16p khong trdi 1 chita cac nghiém Pareto t6t nhit. Khoang cach
chen chiic duge tinh dé wu tién cdc nghiém da dang:

CD =S, SRR 10)

trong d6 M =2 (hai muc tiéu), f,, 1a ham muc tiéu th@ m. Khi dan
s6 vitgt qua NP, wu tién chon cc nghiém c6 thi hang 16p khéng trdi
thap va CD cao.

Ngoai ra, SHAMODEWO st dung kho luwu trit ngoai (external
archive) dé lvu trit tap Pareto, cip nhat sau mdi thé hé bing cach loai
b6 nghiém trdi va duy tri da dang. Diéu chinh kich thuwdc dan sé dong:
Néu do da dang (do bing khoang cach trung binh trén Pareto) giam
dwéi ngudng, ting NP dé kham pha; nguge lai, giam dé khai thac.

3.3. Thudt todn gid va 1tng dung cho bai todn khung thép

Duéi day la thuét toan gia chia SHAMODEWO:

1. Khdi tao dan sé P° véi NP c4 thé ngiu nhién; khoi tao tép
chita lich s F va CR: My, M¢g; kho luu trit Pareto rdng.

2. Déanh gia ham muc tiéu va rang budc cho P° st dung phan
tich truc tiép.

3. Thuc hién xép hang khong trdi va tinh khoang céch chen chiic.

4. Trong khi chura dat tiéu chi ditng (s6 thé hé téi da hoic d6
hoi tu cta Pareto):

a. Tao dan sb con Q8 bing d6t bién va lai chéo (sit dung F va CR
hiéu chinh dya trén lich st gia tri lvu trong Mg, Mcg).

b. Panh gi4 Q¢ bing phan tich triyc tiép.

c. Két hop R¢ = P8 U Q; thuc hién xép hang khéng troi va chon
Pe*! diya trén céc 16p khong troi va khoang cach chen chic.

d. Cap nhat Mz, M, néu c6 cai thién.

e. Cap nhét kho luu trit Pareto.

5. Tra v& tip Pareto tit kho Ittu tri.

4. Vi du nghién cGu: Khung thép phing 5 x 14 ting

Khung thép phéng 5 x 14 duge trinh bay trong Hinh 1 dwgc gidi
thiéu trong tai liéu [22]. Khung nay gbm 174 thanh, dugc phéan loai
thanh 20 nhém thiét ké, trong d6 c¢6 12 nhém cho cac thanh c6t va 8
nhém cho cdc thanh ddm. Hai hAm muc tiéu duwgc xem xét 13 tdi thiéu
héa tdng khéi lwong ctia cong trinh va téi thidu héa d6 léch ting lén
nhét ctia céng trinh. Tap dit liéu thiét ké cho cot bao gdm 169 tiét dién
tit W10, W12, W14, W18, W21, W24, W27 va cho dim 1a 267 tiét dién
tit W10 — W44, duoc l4y tit tap dit liéu cua tiéu chudn AISC-LRFD. Do
d6, khong gian thiét ké c6 hon 1.402x 10* hoan vi. Vit liéu thép 1a
A992 v&i cudng dd chay 344.7 MPa, mé dun dan hdi 200000 MPa, va
khéi lwvgng riéng 7850 kg/m?. Mot tb hop tai trong cwdng d6 va mot td
hop tai trong dich vu duge xem xét, bao gém (1,2D + 0,5L + 1,6W)
va (1,0D + 0,5L + 0,7W). Trong d6, D, Lva W 14n Iwot 14 tinh tai, hoat
tai va tai trong gi6. Giéi han ciia chuyén vi 1&ch tAng 12 h/400. Tai trong
gi6 ngang P.;,q dugce dp dung duéi dang tai trong tip trung theo titng
tAng, vi cwdng d6 dugc dua ra trong Bang 1. Tinh tai va hoat tai dugc
phan bé déu va tac dung lén tit ca cdc dAm & hai ting trén ciing, nhu
trinh bay trong Hinh 1. S6 lvgng rang budc vé kha ning thi cong, cwdng
d6 va stt dung 14n lugt 12 13, 1 va 1. Cac théng sb clia thuat todn GDE3,
SHAMODE va SHAMODEWO bao gdm: s& bién thiét ké 1a 20 (12 cho
cOt va 8 cho dam), sb lugng ca thé (NP) 1a 50, s6 thé hé tbi da 1a 200.
Phan tich truc tiép dugc thuc hién dva trén chuong trinh PAAP [17].
Céc chi s6 hiéu suit bao gdm khoang cach thé hé (GD), khoang cach thé
hé nghich (IGD) va thé tich siéu khdi (HV) (c6 thé tham khao cong thitc
tinh céc chi sb nay trong tai liéu [6]), duoc tinh toan trén may tinh cé
cu hinh Core i7-8700 3.2 GHz v&i 32 GB RAM. Mdi thuit toan dugc
chay doc lap 10 14n.

Dbi v6i cac bai toan t6i wu da muc tiéu cho cong trinh, dudng
Pareto chinh x4c 1 khéng c6 triée. Do vay, dé c6 duong Pareto 1am co
56 so sanh hiéu sult cac thudt toan, dudng Pareto gin ding wéc luong
dua trén tap hgp cac nghiém khong troi tot nhat tir tAt ca cc thuat
toan. Két qua dwoc trinh bay trong Hinh 2. Tit Hinh 2, ¢6 thé thiy ring
2 dudng Pareto 13 dwdng cong thé hién rd sy méu thuln giita 2 ham
muc tiéu 12 téng khéi lwong nhé nhit cia khung thép va chuyén vi 1éch
tAng 16n nhit. Piéu d6 cho thiy ring viéc 4p dung nghién ctu da muc

tiéu trong tred¥ng hop nay 1a hop 1y va can thiét.
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Hinh 2. Dudng Pareto gin diing tit két qua t6i wu khung thép phing
5x 14 ting.
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Thuat toan
Hinh 3. Chi s6 GD, IGD va HV ctia két qua ti vu
khung thép phéng 5x 14 tAng.

Hinh 3 trinh bay céc chi sé so sanh hiéu sudt ctia cdc thuat
toan, trong d6 cac chi s6 GD va IGD dugc tinh dua trén dudng Pareto
gan ding va da hiéu chinh vé khoang gia tri [0, 1]. Chi s6 HV dugc xac
dinh gitta theo diém tham chiéu 1a [1.1, 1.1] va céc gia tri duoc hiéu
chinh v& khoang [0,1] dwa trén 2 gia tri 16n nhét twong ¢ng v&i 2 ham
muc tiéu trong tap tit ca cic nghiém t6i wu ctia cac thuat toan tim duoc.
Tit Hinh 3 ta thiy ring SHAMODEWO dat gi4 tri GD thip nhét (khoang
0,011), cho théy cac nghiém cta n6 gin v6i dudng Pareto thic hon so
v&i GDE3 (GD = 0,017) va SHAMODE (GD = 0,015). Tuong tu, IGD
clia SHAMODEWO 14 khoang 0,081; thdp hon déng ké so v&i céc thuat
toan con lai, phan anh sy phan b ddu din va héi tu tdt. Chi s6 HV caa
SHAMODEWO cao nhét (khoang 1.096), chitng minh thu4t toidn bao
phut thé tich 16n hon trong khéng gian muc tiéu, nghia 1a cung cp tap
Pareto chit lvong cao hon. Pidu nay cho thiy SHAMODEWO tim kiém
dugc nghiém Pareto tdt hon so v6i GDE3 va SHAMODE.

Hinh 4 so sanh gi4 tri t&t nhit (best values) ctia hai ham muc tiéu
tir cdc thuét toan. Pbi véi muc tiéu téng khéi lvgng, SHAMODEWO dat
gi4 tri thip nhét (109100 kg), tét hon GDE3 (127800 kg) va SHAMODE
(121200 kg). P6i v&i db 1éch tAng 16n nhit, SHAMODEWO tim kiém
duwgce gia tri nho nhét 1a 0,225 m, trong khi GDE3 va SHAMODE 14n
lwot 12 0,265 m va 0,243 m. Pidu nay cho thiy SHAMODEWO ciing t6t
hon GDE3 va SHAMODE & kha niing tim céc diém cuic tri theo cic ham

muc tiéu.
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Thuat toan
Hinh 4. Gi4 tri t6t nhit ctia 2 ham muc tiéu tim duoc tir két qua

t6i 1u khung thép 5 x 14 ting.

Téng 1 2 3 4 5 6

Puind 17,37 | 17,37 | 18,46 | 20,09 | 20,82 | 21,54 | 22,63

23,54 | 23,54 | 24,45 | 25,17 | 25,17 25,9 13,22

5. Kétluan

Bai bdo da dé& xuét va ap dung thuat toAn SHAMODEWO, mot
thuat toin metaheuristic lai dva trén SHADE v&i céc cai tién danh cho
t6i wu hoéa da muc tiéu, dé giai quyét bai toan t6i vu héa khung thép
cao ting v6i phan tich phi tuyén. Théng qua viéc xay dung khung toan
hoc bao gdm hai ham muc tiéu (téng khéi ltgng va chuyén vi 1éch ting
16n nhét), cac rang budc thuc té theo tiéu chuén thiét ké, va st dung
phan tich truce tiép béng phin mém PAAP, phuong phap nay da ching
minh kha niing x 1y hiéu qua khong gian thiét ké phtc tap va tao ra
tap nghiém Pareto chét lvong cao.

Két qua ti¥ vi du nghién citu khung thép phing 5x 14 tdng cho
théy SHAMODEWO vuot tréi hon cac thuét toan so sainh nhuv GDE3 va
SHAMODE v2 céc chi sé hiéu suit: GD thap hon (0,011 so v&i 0,017 va
0,015), IGD thép hon (0,081), HV cao hon (1,096), cling nhu kha ning
tim céc gia tri cuc tri tbt hon cho titng ham muc tiéu (téng khéi lvgng
109100 kg va chuyén vi léch ting 0,225 m). Nhitng két qua nay khéng
dinh tinh vu viét cia SHAMODEWO trong viéc duy tri da dang nghiém,
hoi tu nhanh chéng, va dam bao tinh kha thi thue té, gép phan tiét kiém
tai nguyén vat liéu va ning cao d6 an toan, bén vitng cho cac cong trinh
khung thép cao tang.

Nghién citu nay khong chi cung cAp mét céng cu hiéu qua cho ki
st thiét ké ma con m& ra cdc hudng nghién cifu twong lai, ching han
nhu tich hgp SHAMODEWO véi ki thuat hoc may dé giam thém chi phi
tinh to4n, m& réng bai todn cho cic cAu tric khong gian ba chidu, hoic
xem xét thém céc muc tiéu nhu chi phi thi cong va dd tin ciy dudi tai
trong dong dét. Viéc tiép tuc phat trién céc thuit todn metaheuristic
nhw SHAMODEWO sé hd trg manh mé cho linh vic ki thuat xay dung

trong bdi canh db thi héa va yéu ciu bén vitng ngiy cang cao.
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