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Thiét keé t6i uu gian thep chiu tai trong déng
dat st dung phan tich truc tiép

Optimization of steel truss structures under seismic loading using direct analysis

> TS MAI SY HUNG
Khoa Cong trinh thuy, Truong Pai hoc Xay dung Ha Néi

TGM TAT

Bai bao trinh bay bai toan tai vu khai lwgng ket céu gian thép chiu
tai trong dang dét. Phuong phap phan tich tryc tiép duge sir dung
dé xét dén (ng xir phi tuyén cia ket céu gian khi chiu tai trong tinh.
Phan tich dang theo lich st thai gian (goi tét |3 dang phi tuygn)
(time-history dynamic analysis) duge sir dung dé tinh toan cng
trinh chiu tai trong dong dat. Bien thigt ke | tigt dién cda thanh gian
vari céc diéu kign rang budc bao gdm cudng d@, sir dung. Thuat todn
tién hoa vi phan (DE) duge sir dung dé gidi bai toan duge dit ra. Dé
minh hoa cho bai toan téi vu duge xay dung, mat céu gian phang 113
thanh chiu tai dang dat El Centro duge nghign cou. Kt qua tinh toan
cho thdy higu qué coa thuat todn tdi vu trong viec gidi quyét bai
toan he gian chiu tai trong dong dat.

Tir khada: Tdi wru; tign haa vi phan; phan tich truc tigp; gian thep.

ABSTRACT

This paper presents a problem for optimizing the volume of steel
truss structures subjected to earthquake loads. Direct analysis
method is used to consider the nonlinear behavior of truss
structure under static load. Time-history dynamic analysis is used
to calculate structures subjected to earthquake loads. The design
variable is the cross-section of the truss rod with constraints
including strength and use. The differential evolution (DE) algorithm
is used to solve the given problem. To illustrate the construction
optimization problem, a 113-bar plane truss bridge subjected to El
Centro earthquake loads is studied. The calculation results show
the effectiveness of the optimization algorithm in solving the
problem of the truss system subjected to earthquake loads.
Keywords: (ptization; differential evolution; direct analysis; truss.

1.PAT VAN DE

K&t cau thép néi chung va két cdu gian thép nai riéng duoc st
dung réng rdi trong cac cong trinh dan dung va cong nghiép véi dac
diém néi bat vé kha nang vugt nhip, hinh dang phong phu va dep
mat. Tuy nhién, do dac diém lam viéc cla vat liéu thép, phan tich két
cdu thép can phai xét dén cac tng xr phi tuyén hinh hoc va phi
tuyén vat liéu. Dua trén dac diém d6, cac phuang phap phan tich
truc ti€p da dugc chap nhan cla cac bo tiéu chuan thiét ké I6n va sur
dung rong rai hién nay [1-3]. Trong phuong phéap phan tich truc tiép,
qua trinh tinh toan sé lan lugt theo cac budc tai chia nhé nham nam
bét su thay d6i trang thai lién tuc cla cdng trinh khi chiu tai trong.
Do dé, phuong phép nay cho phép xéac dinh dugc toan bé Ung xU
cla cong trinh khi chju tai (dudng cong quan hé tai trong-bién
dang). Tlr d6 kha nang chiu tai cia toan bo céng trinh dugc xac dinh,
lic nay, viéc danh gia an toan clia cong trinh khéng can st dung dén
céc cong thic phc tap dugc cung cap trong tiéu chuan ma chi can
so sanh mét cach don gian gilra kha nang chiu tai cia toan bo hé
két cdu va tai trong tac dung. Song song véi dé, khi céng trinh chiu
tai trong dong dat, d€ danh gia chinh xac ing xu phi tuyén phic tap
cUa két cau thép, cac phuong phap phan tich dong phi tuyén dugc
uu tién st dung.

Gan day, t6i uu hoa két cau déng vai trd quan trong trong phan
tich va thiét ké gian thép vi n6 gitip giam chi phi két cdu ma van dam
bdo an toan cho cong trinh. Trong bai toan téi uu hoa gian thép, tiét
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dién céc thanh gian thudng dugc lua chon la cac bién thiét ké dé toi
thiéu héa khéi lugng clia ca hé két cau. Cac thuat toan mé-ta o-rit-
tic dugc coi la cdng cu manh dé€ giai cac bai toan t8i uu. Mot s6 thuat
toan ndi tiéng co thé ké dén & day la GA [4], tim kiém Tabu (TS) [5],
HS [6], PSO [7], t6i uu hoa dan kién (ACO) [8], v.v. Phan tich truc tiép
clng dugc nhiéu nha nghién ctiu 4p dung vao trong bai toan téi uu
V@i cac vi du dién hinh I3 tai liéu [9-12]. Bai toan téi uu xét dén dong
dat cing dugc quan tam nghién ctu [13-16]. Tuy nhién, khi xét dén
tai trong déng dat, cac nghién ctu hién nay thudng ap dung cac
phucng phap phan tich phd nham gidm thiéu thai gian tinh toan.
Cach tiép can nay cho két qua tinh toan chap nhan dugc. Tuy nhién,
dudi khia canh phan tich phi tuyén ctia céng trinh thi chua phu hgp,
chua danh gia dugc day du tng x phi tuyén clia két cau khi chiu
déng dat. Dac biét, theo sy hiéu biét ctia tac gia, chua c6 nghién ciu
nao vé téi uu két cau gian chiu tai trong dong dat st dung phuong
phap phan tich truc ti€p va dong phi tuyén.

Trong bai bdo nay, bai toan thiét ké t6i uu két cau gian chiu tai
trong dong dat dugc xay dung. Phuong phap phan tich két cau dugc
chia thanh hai budc: (1) ban dau cong trinh chiu tai trong tinh nén
phuong phép phan tich truc ti€p dugc sirdung va (2) khi cong trinh
ti€p tuc chiu déng dat, phuang phap dong phi tuyén dugc st dung.
Thuat toan t6i uu dé gidi bai toan trén la thuat toan tién hoéa vi phan
(DE). Cau gian phéng 113 thanh dugc xem xét dé€ danh gia hiéu qua
clia nghién ctu. Noi dung tiép theo ctia bai bao dugc trinh bay nhu
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sau. Trong phan 2, bai toan t6i uu dugc thiét lap. Phan 3 gidi thiéu
phuong phéap phan tich truc tiép dugc sir dung cho phan tich két
cdu gian thép chiu tai trong tinh va tai trong dong dat. Phan 4 la
trudng hop nghién ctu va cudi cung la két luan.

2. THIET LAP BAI TOAN TOI UU
Ham muc tiéu clia bai toan la téng khéi lugng cla hé gian
dugc thé hién trong céng thic sau:

d d,‘
MinW(X)=p Y | 5> L m
=1\ j=1

trong dé o lakhdilugng riéng clia vat liéu; d 1a s6 lugng bién
thiétké&; X =(x;,x,,..,x,) lavectobién thiét ké ciing chinh la dién
tich tiét dién thanh dan; d, la s6 thanh dan trong nhém phén ti
thanh thui; Ll.]. la chiéu dai ctia thanh dan thur j trong nhém phan
ta thui.
Diéu kién rang budc tuong Uing vdi cac té hgp tai trong & trang
thai gi¢i han cuong do la:
R
cfP=1-"L<o )
Si
trong d6 R, va S, tuong ting la kha nang chiu tai cta két cdu
va hiéu ung do tai trong tac dung & t& hgp tai trong thir .
Diéu kién rang budc vé chuyén vi cho cac t6 hgp tai trong st
dung la:
A
c = fsu] 10 @3)

u
L]

Trong d6 A, ; va Af/. la chuyén vi clia nut thi i va gia tri gidi
han tuong Uing clia né & t8 hgp trang théi gidi han sir dung thi j.

Bai toan t6i uu c6 diéu kién rang budc sé dugc chuyén vé bai
toan t6i uu khong cé diéu kién rang budc bang phuong phép ham
phat thé hién qua céng thiic sau:

W(X)=(1+f +ayBy)xW(X) (4)
Trong dé:

) =Z(max(c,@,o))
5-3 Zm( .0)

véi &, va ar, lacactham s6 phat tuong ting véi cac diéu kién

(©)

rang budc vé cudng dé va chuyén vi.

3. PHAN TiCH PONG PHI TUYEN CHO KET CAU

Quy trinh giai phan tich truc ti€p cla gian thép chiu tai trong
déng dat gom hai giai doan, trong dé phan tich tinh duéi tac dung
clia tai trong tinh, tai trong dong va tai trong gié dugc thuc hién
trudc ¢ xét dén cac hanh vi phi tuyén tinh phi dan hoi; sau do, ti
trang thai clia két cau trong phan tich tinh, phan tich dong phi tuyén
dugc thuc hién. Trong phan tich tinh, thuat toan diéu khién chuyén
vi tng quét (GDC) [17] dugc sir dung dé gidi cac phuong trinh phi
tuyén. Uu diém cla thuat toan GDC la (1) kich thudc budc dugc diéu
chinh ty déng; (2) né ¢6 thé tu thich tng véi sy thay déi ctia hudng
tai; (3) va, phan tich tuong ddi 6n dinh tai cac di€m tdi han. Chi tiét
vé thuat toan GDC c6 thé tim doc trong tai liéu [18].

D3i vai phan tich dong phi tuyén, phuong phap Newmark dugc

st dung. Phuang phap Newton-Raphson cling dugc st dung dé loai
bo cac lyc du trong cac budc thai gian. Phuong trinh dao dong cda
cong trinh cé dang:

[M]{AX} +[C]{AX} +[KJ{Ax) ={AF) 6)

Trong d6 {AX}, {AX} va {AX} la cac vecto gia tang chuyén
vi, van téc va gia t8¢; [ M |, [C ] va [ K | 1an lugt la cac ma tran khéi
lugng, gidm chan va dé cling tiép tuyén; {AF} la vecto clia taitrong
gia tang.

St dung phuong phap Newmark véi cac hé s6 y=1/2 and
£ =1/4,taxac dinh dugc téng chuyén vj, van téc va gia téc & 1an
I3p dau tién cda thai gian ¢+ At la:

(Xt} = (X} +{Ax) @)
(== (R} + o {ax) ®)
(Fanf =~} {0} + =5 {ax) ©
& budc 13p thir (k+1) la:

{Xn+l}:{Xn}+{AXk+]} (10)
(o} =-{ )+ faxe1) (an
{X} =—{%}—%{&}+§{AX"“} (12)
Trong dé:

{AX"“} - {AX"} +{aAx) (13)

(aax} =[R ] ({Fuur ) -[MF} LT}~ (P 09

3. THUAT TOAN TIEN HOA VI PHAN

Thuat toan t6i uu DE dugc dugc Storn va Price gidi thiéu lan dau
tién vao nam 1995 [19] véi cac budc chinh nhu sau:

a) Khdi tao: Dau tién, NP ca thé X, :(xj)(j =1,..,D) dugctaoramot
cach ngau nhién tur mién gia tri cho trudc cha bién thiét ké.

b) Dot bién: Tuong ting véi mébi ca thé X, , mot ca thé dot bién
V =(1,,....vp ) dugc tao ra dua trén ky thuat dot bién DE:
DE/rand/1: V =X, +Fx(X,, =X, ) (15)
DE/best/1: V = Xy, + F x (X, =X, ) (16)

Trong do6: F la bién do dot bién; X,,,, la ca thé t6t nhat trong
quén thé hién tai; 7}, 7, va 7; la 3 56 tu nhién ngau nhién dugc lya
chon trong khoang [1,D | vathéaméan diéukién i # 1, # 1, £ 7;.
¢) Lai tao: Ca thé U = (uy,u,...,up ) dugc tao ra thong qua viéc lai
taogita X; va V nhusau:

= {vj if (mnd(O,l) < CR) hoac (j =I)

X TH khac

(17)

d) Lua chon: U = (uy,uy,...,up ) sé& dugc lya chon thay thé cho vi
tri cGla X; trong quan thé méi néu gia tri ham muc tiéu cla né t6t
hon clia X; .
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Hinh 1. Gian phang 113 thanh

4. TRUONG HOP NGHIEN CUU

Trudng hop dugc xem xét 1a cau gian phang 113 thanh c6 so 90,000
d6 hinh hoc nhu trong Hinh 1. Nhu trén hinh vé thé hién, tiét _ 85,000
dién thanh gian dugc chia thanh 43 nhém khéc nhau va clng %ngg_(]oo
chinh la 43 bién thiét ké trong bai toan t6i uu. Tiét dién thanh 2 75,000
gian dugc gidi han trong khoang gia tri [3870.96,22580.6] (mm?2). < 70,000
T6 hgp cudng dé dugc xem xét 13 (1:25D+1.75L) va té hop s g 65,000
dung la (1.0D+1.0L) vé&i giGi han chuyén vi theo phuong ding la g
10.5 (mm) tai cac nut. D va L |a tinh tai va hoat tai dugc quy vé | 60,000
cac nut gian & duong xe chay trén vdi gia trila D = 100 (kN) va L 5 55000
=50 (kN). Vat liéu thép dugc st dung 1a 1a thép A992. Tai trong - 50,000
déng dat tdc dung 12 tai El Centro c6 phé nhu thé hién trong Hinh 45,000 1
2. Tai trong dong dat dugc xét dén cung té hadp st dung véi gid 40,000 - . . .
thiét khéng ché gia tri chuyén vi ngang la 0.025 chiéu cao cla 0 1000 2000 3000 4000 5000
cau tuong Ung véi 182.9 (mm). Cac théng s6 sif dung trong S6 vong tién hoa
chuong trinh t&i uu 1a: S6 cac thé trong quan thé: DEpop = 25, s6 Hinh 3. Qué trinh t6i uu cla 6 1dn chay
vong tién hoa: Maxltr = 5000, F = 0,7, CR = 0,6.
Két qua t8i uu dugc thé hién trong Bang 1 sau 6 lan chay doc 90,000
lap. K&t qua cho thay rang, thuat toan DE tim dugc nghiém tGi 85,000 Lin chay tét nhit
uu t6t nhat 1a ¢6 téng khéi lugng clia hé bing 46.392 (tan). Gia 2 80,000 - —— Trung binh céc lin chay
tri t6i uu tim dugc kém nhat |a 48.286 (tan), c6 do chénh léch so £ 75.000
véi gid tri tt nhat chi 13 1.894 (tdn), tuong duong véi 4.08%. Diéu = 20000 |
nay cho thdy rdng thuat toan DE rat hiéu qua trong viéc giai 2 65.000
quyét bai toan t6i uu hé gian phi tuyén chiu tai trong dong dat. g
. A . . 1A e s A 2 N o . 60,000 4
D6 chénh léch gitra cac lan chay t6i uu la khong qua 16n cling thé =
hién su én dinh cta thuat toan. Hinh 3 thé hién qua trinh t6i uu "5 35:000 1
cla 6 lan chay doc lap. Co6 thé thdy rdng t6c do hoi tu cla ca 6 8 50,000 1
45,000 -

lan chay la tuong d&i nhu nhau véi su khac nhau khong dang ké.
Diéu nay khang dinh thém tinh én dinh cla thuat toan téi uu 40,000 . T T T
trong viéc giai bai toan dit ra. Bén canh d6, Hinh 4 minh hoa lan 0 1000 2000 3000 4000 5000
chay cé két qua tot nhat va trung binh cla ca 6 1an chay. , S0 vong UET} h0§ ‘

Hinh 4. Qué trinh t6i uu tuong ting vdi nghiém t6i uu tt nhat va trung binh cc lan chay

1.2 1
08 | Bang 1. K&t qua téi uu
Bién thiét ké (mm2) DE
504 1 4658.055
s 2 4658.055
5 3 5141.925
2 4 5999.988
5 4658.055
e 6 10903.204
2 7 4658.055
Time (s)
8 10322.560

Hinh 2. Téi dong dat El Centro
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9 5141.925 vi phan (DE) dugc st dung dé giai bai toan dugc xay dung. Két qua
10 8967.724 tinh todn cf‘Eiu gian thép phang 113 thanh dugctr‘lnh béy.Thuéttoén
’ DE cho thay tinh hiéu qua trong viéc tim ki€ém nghiém toi uu va su
1 4658.055 én dinh ctia qua trinh chay. Cac nghién ctu tiép theo sé tap trung
12 8709.660 vao viéc xay dung cac thuat toan t6i uu hiéu qua nham giam baét s
13 4658.055 lan phan tich két cau ctia chuang trinh.
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5. KET LUAN

Bai bao xay dung bai toan ti uu gian thép chiu tai trong déng
dat. Phuong phap phan tich phi tuyén dugc sir dung dé tinh toan
két cau bao gém 2 budc: (1) phan tich phi tuyén tinh phi dan héi cho
cong trinh chiju tinh tai, hoat tai va tai trong gid, (2) phan tich dong
phi tuyén dé tinh toan cho cong trinh chiju dong dat bat dau tirtrang
thai chiu tinh tai ctia toan hé két cau. Ham muc tiéu cda bai toan téi
uu la t8ng khdi lugng toan hé. Cac bién thiét ké la dién tich tiét dién
cac thanh gian dugc gia thiét la cac bién lién tuc trong mién gia tri
cho trudc. Cac diéu kién rang budc bao gém diéu kién vé cudng dé
va st dung theo cac t6 hgp tai trong tuang Uing. Thuat toan tién hoa
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