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bstract:

In this paper, the authors presented the method to
establish and solve the optimisation of steel trusses
subjected to several load combinations and frequency
constraints. A direct design was employed to account for
the non-geometric non-linear behaviour of the structure,
The objective function of the optimisation problem
was the total cost of the structure which was simplified
4s a function of total weight. The constraints of the
optimisation included the strength and serviceability
conditions, and structural frequency requirements. The
differential evolution algorithm was applied to solve the
proposed optimisation problem. A 10-bar planar truss
was studied to illustrate this work.

keywords: ditferential evolution, direct design.
optimisation, steel truss.
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Khoa hoc Ky thugt va Cong nghé wm

ring budc dong raL can dirge xél dén trong cic bai 10an Gi
uu [10]. Bé thye hign di¢u nav, cac dicn kign ring buge
vé tan sb dao déna riéng cia Lu chu duge vet dén. Mat sé
ngbién ctru né1 & bai 10an i wu dan thép ¢o didu kién
rang budc 12 tin $6 dao dong riéng co thé k¢ dén nhr PH
Anh [11]. Kaveh va Zolghadr [12]. Farshehin vd es [13]. .
Tuy 56 lugng cdc nghién ciru vé tdi wu din thep chiu dicu
1én rang budc 1a cac 16 hop tai trong hode [ tan sé dao
dong riéng coa két cau khi nhicu, nhung theo hicu né
tic gia chua cd mat nghién e ndo &1 dén cic didu Kign
rang budc néu lrin mot cich dom. thin. Didu niy khun cho
cie nghién ciru téi wu vé két cin dan ¢6 khoing lronu cian
duge bo H\u)ul

cua

Trong nghién clu nay. e e trinh bay bai toin 161
uu dan thép c6 dicu kign rng buge. eom ca didu kign tang
bude vé chuyén vy va cirdmg d6 dudn cic (6 hop @i trong
khac phau \3 dicu kién rang budc vé in $6 dao déng riéng
cia két cau. Ham muc tiéu cia bai toan (63 ro duge dom grin
hoa nhu ham tdng khéi lugng. Cic didu kign rang buge vé
CUb‘n“ d6 v su dung duge xie dinh dya vao phin tich e
lI(,p cha phép xdt dén céc tinh chat phi luycn hinh hoc coa
két cau va ph luycn it ligu. Thudt todn tién hoa vi phan
duge sir dung dé giar bar toan 147t dé ra. Dan thép phing
10 thanh duoc xem xét dé minh hoa cho nghién eitu ndy.

Thiét I4p bal toan (4} vu dan thép

Tong khor lugng ecua két can duge chon 1 bam myc uéu
cua bai 10an va duge 161 thigu héa theo phuang irinh (1).

Mo (j=p Sl YL J

rong dé £ 1akhéi luong riéng coa vat ligu: ¥
la vec 10 bién thiét ké, ciing chinh la dién tich 1iét dién cia
cac thanh dan: d 13 56 lugng bién thiét ké: dla 56 thanh dan
trong nhom phin tr thanh thir 11 L, 1a chi¢u dai cua thanh

dan thir ; rong nhom phan tir thix 7. Trong bai twan thiét ké
¢ bién la bién lién tyc thi bién thiét ké ¥, (1 =1,..d) duoe
chon trong khodng gia tri cho truge [»/”“’ 3 'J Trong bai
duge chon 1 mdt

10an thiét ké co bién ta bién roi rac thi 3,
tdp hop cdc gia tri rai rac cho trrde.

Déi voi 16 hop trang (hai gidi han cudng dj. bing vié
dyng phan tich truc 1iép cho phép tinh (0dn kha ndng chiu tai
cua ca cong trinh, diéu kién rang bugc dugce thé hién bing
cong thirc (2.
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ti trong thir & va § 1a hi¢u img do 16 hop tai trong cudng
dé thu & gay ra
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phuong \a téc dd hoi tu cua kS thuat "DE rand 1° la1 kém
hom *DE best 1.
¥i du minh hoa

Dan plla;llg 10 thanh

Dé minh hoa cho bai 1oan 161 uu ¢6 xét dén dicu kién
rang buge 13 1in 56 dao dong riéng. trong phan nay chung 1a
s¢ xem Nét mot dan phang 10 thanh nhu trong hinh | Nhip
dan 13 9.144 (mm). Tai wong ic dung gém tinh tai DL
_hoat tai LL va tai trong gio 11" duoc quy \¢ thanh cac tai
tap trung 1ai cac nat dan. Gid tricua DL. LL va )17 lan lugn
13 400 (kN). 300 (kN) va 300 (kN) Vit li¢u ¢a cudme d
chiy 1a F, = 344.7 MPa va md dun dan héia E =200 GPa.
Taitrong KkNoi tap trung. mass. dung dé tinh tan s¢ dao dong
neng cua két cau duoc ¢1a thi¢t dit tai nut dan va co khoi
Jugng la 454 (kg). Khéi lrong riéng caa vat héu la 7.850
tkg/m?).

Bii todn 161 uu ¢d 10 bicn hidl ké 13 Gét dién cic
thanh dan duge chon trong khoang gia (rj [64.3. 22.580.6]
(mm?). Dicu kign rang buge gom: 2 diéu kign 1¢ cuc'nw
4o womg (ng vai o hop tar trong (1.6DL +1.2LL) ¥
(1.2DL+ 1.6 +0.5LL): ! diéu kign vé chuyén vy tuomg,
g vai (0 hop (]_ODL +0.7W + 0_5/_L) voi gidi han chuyLn
vicua cde nut dan theo phuong ngang khdng s ugt qua 1/400
86 (mm) vai 1 13 chidu cao cua ting: 3 didu kign vé
unsodaodong riéng. f127. £, 21530 f, 20 (H=) vai
_[. fona /, 13 3 tdn sé dao dong néng déu tién cia két cae.
Cac 16 hop 1ai trong duge \ét dén trong bai toan dua theo
uéu chudn AISC-LRFD cua My [1]. Phdn mém phan tich
phi myén PAAP s& duoc sir dung dé tinh 1odn img u phi
wyén cua Két cau nhim danh gid dicu kién rang buoc Chy
néLv ¢ phin mém PAAP déc gid co thé tim doc trong cac
ti héu 3. 4. 8. 9). Céc thong s6 dp dung cta thuat wan DE
duge lya chon nhu sau: s bién (uét ké () 13 10. quy md
quin thé (NP)1a 25, s8 1hé hé 101 da (Maxlieration) 13 4.000,
bién dg dét bién () bing 0.7. xic sudt lar ghép (Cr) bang
0.6. Lun v ring. vige lya chon cac tham s6 NP. Fva Cr ¢
anh hudng dén két qua cua chum\g trinh 11 vu. Vi du, néu
\P chon lon sé gitp qua trinh 181 wo tranh bi 1&1 1 cue bo
161 hon nhung lai hoi tw cham hon va 16n nhueu thai gian
tinh todn. Do vay. rdy thude vao timg bai todn 16 uu khac
nhau mi cdc gid tri nay can lwa chon mat cach thich hop.
Trong trugmg hop nzhién clru ndy. cic gid tri coa cac tham
6 dugce lua chon dua trén sic tham khao 1ai ligu [3). Digu
Kién dimg lai cua chuomg trinh to1 wru la khi s6 thé hé 11 da
dat dén 2ia tri cho truge. hoie khi gia tr1 cua ham muc néu
khong thay doi trong 1.000 thé hé lién .
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Hinh 1. Dan phang 10 thanh.
Kér qua tiph todn vi trav dbi

Ba trudmg hop bai toan 16i wru duge vem a6l Lz (1) T
ca cac diéu kign ring buge duge xdt. (2) Cice didu kign rang
bugc \¢ tan sé khong durge vél dén 3) Chi xér ciie dicu
kién rang budc vé 1in s6. DE A1 dén yéu 10 n;..\u nhicn cua
cdc giai thuat meta ho-rit-tic, chuong trinh toi wu duge chay
10 lan doéc lap. Cly ket qua 161 v 161 nhit duge trinh bay
trong bang | Dua vio bing | ta co 1hé thay cing, khi xét tat
ca cac didu kign rang buac, i i uu tim duoe caa dan
12 675.54 (kg). lon hon khi nhicu so vis hai truémg hep con
lai. Bicu nay cho thiy r.mg. bai todn 16i vu khong chiu sy
anh buong lon coa tat ca cic dicu kign rang bude Ve cuomg
do. chuyén vi va tdn s6 dao donyg ricng. Hay nér mal cach
khéc. cic dieu kién rang bude nay déu dong vai tro quan
trong trong bai toan 16i tru dang \éL. Do do. v xét dén 1l
ci cae dlcu Kién vé cudmg do. chuyén i vi tan 50 dao dong
rieng 1a can thiét trong bai todn (i wru két cau dan.

Bang 1 Két qua 16i wu ot nhat.
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Hinh 2 trinh bay dudmge cong hor tw cua 3 bai toan t
cotov di

wu. Bai toan et diéu hién rang bude v ¢ 1dn 0
uu nhanh hon 2 bai toan hisvadumg & o~
qua tnnh 01 wu Khesng hon 1.000 Bai
vac dicu hig¢n rang budc hr tu cham nhit va duny Lu

‘aan \et t

vong 13p rén 3 500, Didu nay co nghis Ja, vée vet dén dicu
Kign ring buge bao gdm ca tan & dao dong néng, cumg &&
vachuyén vy khién cho bai toan 161 vu tro nén phire tp hom
rit nhiéu so von vige chivet tin s6 dao dong riéng. Noi mdt
cach khae bai 10dn 161 v duce xem vet trong bai bae nay
¢6 unh phirc tap cao hom rit nhiéu so van bai toan 161 vu chi

At tan o dao dong niéng
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Hinh 2 Duong cong héi ty cua bai 1oan i wru hé dan 10 thanh.

Két luan

Nghien cuu dd tnnh by mot dang bar todn 161 vy méi
diéu kign rang budc v ¢
churén vy cuemg dé dua cse to hop tai trong khic nhau
va dicu Kign ring buje \é1an < dao déng an cia két ciu.

Ham muyc néu cua bai toan 100 ru 1a him mnu Khoéi hrong.

Cac dicu kién ring buge vé cuong do va sir dung dugc Nac
dinh dya vio phin tch trye tiép cho phép xét dén céc tinh
chat phi wyén hinh hoe cda két cdu va phi tyén vat ligu.
Thuit todn uén hoa vi phin ducc sir dung dé ¢iai bai toan
161 1 dé ra. Két qua phan uch dan thép phang 0 thanh cho
thay cac didu kién ring bude ¢ cuong da. chuyén viva tin
20 daa dgng rigng 1éu anh hudmg 16 dén két qua tdi wu cho
nén ¢an phar duge \em \ét. Bén canh do. bai todn thi uu co
A ca diéu Kign rang bude v chuxén vi crong di v

cho danihep trong do co et dén
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