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TOM TAT
it Bai bao trinh bay cich thanh lap va gidi bai todn t5i uu hoa két cau khung thép dua trén d¢ tin ciy si dung giai thuit mét vong lap
Watew

don xic dinh vdi bién thiét k& rdi rac. Ham muyc tiéu la két qua t6i Ju trong lugng cia khung, bién thiét ké 1x tiét dién mat cit ngang
cta cfu kién, bién ngau nhién dugc xem xét la mo-dun dan hdi vat lidu va tdi trong tac dung. Cac ring budc vé 4o bén yéu ciu cua
cdu kién va chuyén vi dugc xic dinh theo tiéu chudn thiét ké clia Vién thép hoa Ky LRFD - AISC (2010) [1]. Giai thuat im kiém
nghiém t3i uu dua trén dj tin ciy dugc sit dung la phuong phap két hop gida giai thuat mot vong fap don xac dinh SLDM (Single-
Loop Deterministic Method) va gidi thuit DE cdi tién (Improved Differential Evolution — IDE). Hai vi du s6 dugc thyc hién nhim
kiém tra do tin ciy va dinh hiéu qua clia phuong phap da dé xuit so vdi cdc phuong phap khic da duge cong bd trude dé.
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e Improved Differential Evolution.

ABSTRACT
e
s The paper presents how to establish and solve Reliability-based design optimization problems of steel frames using a single loop
pel deterministic method with discrete design variables. The objective of the
TR
:_;53 design algorithm is to obtain minimum weight frames with design variables are cross-section of the structures and random variables
| are considered as Young’'s modulus and loads. The subjects to the strength and displacement constraints follow the American
o Institute of Steel Construction LRFD - AISC (2010) {1} requirements. The algorithm is a combination between the Single-Loop
—" Deterministic Method (SLDM} and the Improved Differential Evolution (IDE). Two numerical examples are solved in order to
e analyze reliability and efficiency of the proposed method and to compare with other methods that have been published previously.
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1. Gidi thidu

Ngay nay, trong linh vy thiét ké k&t cdu ndi chung va két cdu khung
thép ndi riéng thi nhu clu thiét 13p va tinh todn cac bai toan tdi yu hoa 13
rat can thiét. Cac thiét ké t3i uu sé lam gidm dang ké chi phi xdy dung
nhung van dam bao yéu cau vé dd bén cia két ciu,

Tuy nhién mét van d€ can phai a4t ra khi thuc hién cdng tac thiét ké
13 sif khdng chic chidn cla cac ngudn di liéu ddu vao. Cic thanh phan
nay thudng khdng cd dinh ma dao dong ngau nhién quanh gia tri thiét
ké ban d&u va thuding tuin theo mot qui ludt phan phdi xac sudt nhit
dinh [2]). Diéu nay sé dan dén cac Ung xU ddu ra cia két cdu cing dao
dong thec mét qui ludt phan phéi xac sudt va cing ¢é thé vugt qua gidi
han cho phép da duok xac dinh trudc. Xac suat cac trudng hop dng xdr
ddu ra vugt qua gidi han cho phép duagc goi 1a do khong an toan hay xac
sudt pha hiy cha két cau [2]. Chinh vi thé, céng tac thit ké 16 vu két ¢du
cdn phai dugc thiét ké thod man ham trang théi gidi han cia chung vdi
mdt chi sé& d an toan nhat dinh hay cén dugc goi la thiét ké tai uu dua
trén 46 tin ¢y (RBDO - Reliability based design optimization).

Mot s cach tidp cdn phd bién dé giai quyét bai toan RBDO bao gom:
Gial thuit vong 13p d6i; Giai thuat vong 13p tuan ti: Giai thudt mot vong
lap don x4c dinh. Cac giai thudt su dung vong 13p ddi va vong 13p tuan ty
van con nhiéu han ché nhu chi phi tinh todn cao do viéc dinh gia 4o tin
cay dugc thuc hién nhiéu In trong qud trinh t&i vu héa. Nguoc lai gidi
thudt mdt vong ldp don giai quyét bai todn RBDO chi trong hai budc: 1/
Chuyén 4 cac rang budc xdc suit thanh rang budc xdc dinh; 2/ Gidi bai
toan téi uu hda xac dinh. Vi thé vong 1ap t&i uu hda va ddnh gid 36 tin cdy
chi thyc hién mdt (3n va chi phi tinh to&n dugc giam dang ké. Nhan thdy
dugc didu nay, ndm 2012 Li et al. [3] 45 dé xuit phuong phap mdt vong
l3p don xac dinh SLDM (Single loop deterministic method) difa trén cach
tidp cdn do ludng hiéu suit (performance measure approach - PMA} dé
gidi cdc bai todan RBDO.,

Trong nhiing nam vira qua da c6 nhiéu nghién cliu vé tdi uu hoa két
¢du khung thép, ¢ thé diém qua mdt s8 nghién clu tidu biéu nhu sau:
Pezeshk et al. (2000} [4); Camp et al. (2005) [5]); Degertekin (2008) [6]; Saka
(2009} (7]); Kaveh va Abbasgholiha (2011) (8] v.v. Cac gidi thuat tim kiém
nghiém t5i uu phat trién & cic gidi thudt nhu: gidi thuit di truyén GA; giai
thudt dan kién ACO; glai thudt vé vy nd 1Gn BB-BC v.v. Ngoai ra mét so
nghién ciru vé thiét ké t6i uu dua trén d@% tin cdy cho két cau khung thép
c6 thé duge lidgt ké nhir sau: Ghasemi va Yousefi (2011) [9): si dung
phuong phép GA sifa 36i két hgp vai phuong phap phan tich 43 tin cay
bac hai SORM; Mohsenali Shayanfar et al. (2014) [10): s& dung phuong
phap GA két hgp vdi phuong phap phédn tich 3o tin cdy bac nhit FORM.
Nhin chung, cac nghién cdu & bén trén phan nao 43 gidi quyét duge bai
toan RBDO, tuy nhién chi phi tinh todn khi thuc hién lai qua cao do sy han
ché cda phuong phap GA va phudng phap vdng lip ddi.

Trong s& nhimg giai thujt tim kiém nghiém t6i uu phd bién hién nay
thi phuong phap DE (Differential Evolution) ducc dé xuat bdi Stomn va
Price (1997) [11] va cac phién badn cdi ti€n cOa no gin day ndl ién nhu (3
m{t trong nhing thuat todn hig¢u qua nhit dé gidi quyét cac bal toan tdi
vy héa. MOt 50 nghién cdu tidu bidu cé thé ké dén nhy sau: HI Hifu Vinh
et al. (2015) [12]: thiét ké t3i uu vi tri va kich thudc két ciu dan si dung
phuong phap DE cai tién rang budc (DAICDE); HS Hiu Vinh et al. (20186)
[13): thiét ké toi wu két cau dan st dung phuong phdp DE thich nghi ty
nhién.

Bai bdo nay nham dua ra mdt phuong phap hiéu qua dé gidi quyét
bai toan thiét ké tdi uu dya trén 45 tin cdy cho két cdu khung thép vdi
bién thiét ké rdi rac, phuong phap dé xuat |a sy két hgp gida gidi thuat
mot vong ldp dan xac dinh (SLDM} va gidi thuat DE cai tién (IDE), vdi IDE
Ia mdt phién ban mdi dugc ¢di tién ti DE nhim tang t6c do hdi ty cla
qua trinh tim kiém nghiém t&i vy ma van dadm bao I&i gidi 1a nghiém t4i
Uu toan cuc.
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2. Thanh i4p bai tosn thidt k€& t& uu khung thép duatrin 8d tin ¢
2.1. Baitodn t6i vu
Bai todn thiét k& tdi wu khung thép duge phit bidu nhu sau:

und
Minimize W{x) = i A pl,

1=}

CP <0 k=l.,nc 1
Chiucicrangbudc {C° <0  r=1,.. 05
054 <ms i=l..,ng

trong d46: mk 13 tdng s& cau kién trong nhém k, Pivatia tre
lugng riéng va chidu dai clia moi cdu kién, Ax 1a dién tich mat ¢3t nga

cdia cdu kign trong nhém k, ng 12 téng s6 cdu kién trong khung, ) <

va C° < 0 1arang bubc vé 46 bén va chuyén vi; ns va nc 12 56 ting va

clu kién dam cdt; Ax dugce chon tir bd dif lidéu tiét dién thép canh md
(W) theo AISC, ms 13 t6ng s& tiét dién (W) xét trong nhém k.

Cac rang budc vé 36 bén yéu clu ciu kién, C7 < O theo LRFL
AISC (2010 [1) dugc thé hién trong phuoang trinh (2):

r
M
EBM |y Lson
P 9 M, M, P
o = . @
£ + ME—+ = |~1 if ﬂ{O.Z
2F \ M, M, ol

trong 4o:
= P13 a8 bén yéu cdu vé nén,

- P=¢F 12 khi ndng chiu nén (kéo) doc truc \
p=¢ =09 hesénén; =g =09 he sd kéo; P, cubmg
chiu nén danh nghia.

- M =4 M, lacudng 8 chiv udn; vai @, = 0.9 hé s6 kh
udn; M, 1a cudng 36 chiu ubn danh nghia,

- M la momen udn clia cdu kién xoay quanh truc xvay.

Céc rang budc vé chuyén vi, C? < 0, duge xac dinh tai phuang trin

Cf=_‘.__] (3)

trong &6: 9, 13 chuyén vi lach tdng trong ting th i, & 12 di
chuyén léch ting cho phép (Huy /300).

2.2 Phuong phip mdt vong 1&p don xic dinh cho bai toén
REBDO

Bii toan RBDO dugc phét biéu nhu sau:
Minimize : f{(d,x5,p)
Design Variables: DV ={d.n_} @)
Subject to: Prob{g (d.x.p) SO) 2+, i =12, . m.
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Trong d6: f(d,x,p) |2 ham myc tiéu; d 13 bién thiét k& xac dinh; x I3
bién thiét ké ngdu nhién; p 1a hé s8 ngdu nhién, ¢, 1a gia tri trung binh
cua X; g;(d,x,p) dugc goi 13 ham trang thai gidi han; m 1 sé lugng rang
budc xac sudt; ' = (4") 13 xac sult yéu clu clia rang budc thiri; B 1d

chimuc d4 tin ¢3y cda rang budc xac sudt tha i; d(,) 1a tich luy cia ham

phén phdi chun,

Dé giai quyé&t bai toan RBDO, Li et al, [3] 43 gid! thigu gidi thust SLDM
vao nam 2012, Gidi thut ndy gdm ¢6 hai budc. 1/ Chuyén d5i cac rang
bud¢ x4 sudt thanh cac rang budc xac dinh. 2/ Gidi bai todn tdi yu héa
xac¢ dinh vdi cic rang budc i duge chuyén ddi.

2.2.1. Chuyén 88i khu vuc kha thi xéc sust sang khu vuc kha thi

x&¢ dinh

Trong SLDM, viéc chuyén d8i ti khu vuc kha thi xdc sudt sang khu
viic khi thi xac dinh duoc tién hanh bang cich di chuyén ham trang théi

gidi han mét khodng cach #' nhu thé hién trong Hinh 1. Khoadng cach
A dugc taoratircdng thic g =a7'(r') .

- &(mauy<0 U,
—#
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Hinh 1. Minh hoa khu vuc kha thi
2,2,2, Thidt 14p céc rang budc xic dinh

Pat #(d,p )la hamrang budc xéc dinh va g,(d,u) |13 ham trang thai
gidi han. Gia s p, 13 diém bét ky trén hdm g (d,p,). diém chic chan
nhst MPP (most probable point) u,,, tuong ing clia p_ cé thé thu ducc
bing cich chuyén cdc diém p_ trén g(d,p) trévé g (d,u) mdtkhoang

4 . MG quan ha giira p_ va diém MPP tugng (ing u,, cdané dudc mé
td nhy sau:

Upge =M, + 5 D (5}

Trong d6 n |3 véc-to gradient tal W, pp trén g, (d,u} va duge xéc
dinh nhu sau;

oo VU & (Usmpr)
"'FU“".E:E (Umrﬂ

(6)

Véc-to gradient 0 cia g, (d,ll) tai B, dugc st dung dé xdp
véc-to gradient n. Sau khi x4p xl, dudng gidi han dugc xac dinh:

v .
gduy)=g; [dnﬂu + B} s = e }-J =0

{7)
?UH,,E;(UMFPJ"
Khi d6, viing an toan dugc xap x! theo rang budc xic dinh 13
- v U
£, (dn"l}) =£1[d=#u +ﬂftk: U,,E,.Eir( HFI') <0 (8)
"‘FU“" £ (Umep )I
B e

3. Phuong phép DE cdi ti€n
3.1. Phuong phap DE coban

Gidi thuat DE dugc @€ xuat diu tién bdi Storn va Price vao nim 1995
[11]. Gidng nhu giai thuat di truyén, giai thuat DE ciing mé phéng bdn
qud trinh ca bin nhu: Tao dan s8, lya chon, 1ai tac va A6t bién. Chi tiét ¢
th& tham khao tal cdc tai liéu (11]-[14).

3.2. Caitién phuong phip DE
3.2.1.  (Cditién giai doan a6t bién

Trong glai doan ddt bién, cac véc-to cha me duoc lva chon ngau
nhién t dan s& hién hitu, Tuy nhién, khi tat ca cha me dugc Iva chon
ngau nhién, n6 cd thé tam chim tai 1di gidi dang khai thic [15). Do @6, cic
¢4 thé tham gia trong giai doan @6t bién nén duoc lita chon vu tién dua
trén cic gia tri thich nghi cla chiing. Diéu ndy nham dé truyén théng tin
cua cha me Gt cho con céi dé t6¢ d6 hdi tu ¢é thé duge ting tc.

Dé chuyén tiép cac thdng tin 16t cho quan thé con, ky thudt lua chon
dua trén Iua chon bénh xe Roulette ngau nhién dé xuat bdi Lipowski va
Lipowska [16). Trong k¥ thuat nay, mdi cé thé sé dugc chi dinh mot xac
sudt lya chon dya trén cdc gid tr thich nghi ¢da ching dugc tinh nhif sau:

p =t =12, NP ©)
Doyt

trong A6 p; va £ 1dn lugt |3 xdc sudt lua chon va gia tri thich nghi clia
c4 thé thi i, e 1 gid trd thich nghi cta céc ca thé té nhit trong bd dan sd
tai thé hé hién tai, NP [a kich thudc dan sé. T phuong trinh, cac ca thé té
nhat vdi cac gia tri thich nghi 16n nhat sé cé xac suat lya chon ldn nhat,
Do d6, cic gla tri thich nghl cia tat ¢& céc ¢a thé duge tru clia mot s6
duong rit 1dn € ddo nguoc cic xac sudt lua chon. Con s8 nay la mét s6

duong 16n hon  f(X) 16n nhit trong bg dan s6 hién hixu. Biéu thuc
chuyén d6i duac thuc hién nhuy sau:

£ = LargeNum~ f(x) (10)

Gidi thudt lua chon dua trén lya chon bénh xe Roulette cho todn tir
Aot bién rand/1 thé hién trong Gidi thudt 1.

Gl thuidt 1: Lya chon banh xe Roulatte cho qud trinh ddt bién
“DE/rand/1*

input: Nhap vectd chi myc i

Lua chon ngdu nhién r, €{1,2,..., NF}

while ¥, =} and rand(0,1]S p,
Lua chon ngdu nhién r, € {1,2,..., NP}

end while
Lita chon ngdu nhién r, € {1,2,..., NP}

while , =1, =i and rand[0,1] £ .,
Lita chon ngau nhién r, e {1, 2,..,NP}

end while
Lua chon ngdu nhién r, e {1,2,..., NP}

while 1, =r, = =¢ and rand[0.1]< p,
Luachon ngdu nhién r, € (3,2,..., NP}

end while
Output: Xuat cac vecta chi myc dugc chon r,r,, 7

3.2.2. Cditién trong giai doan o chon

Cac todn 1 chon loc ty nhién gidi thidu béi Padhye et al. [17] dugc
s dung cho céc qud trinh lua chon. Qué trinh dugc md ta trong Gidi
thust 2.

BTt F 4. .- . Jr. 1 I



Gidi thudt 2: Toan tif lya chon tu nhién

Input: BO dan s6 con cai Cva bo dan s6 chameP
GanQ=CuUP
Lua chon NP ca thé t6t nhat tir Qva gan cho P

Output: P

Bang cach két hop hai phuong phap cai tién néu trén vao DE, gidi
thuat DE dugc cdi thién (IDE) véi todn tl dot bién "rand/1" thé hién trong
Gidi thuat 3.

Giai thuat 3: Giai thuat IDE vdi toan tuf “rand/1"

1: Tao bd dan sé ban dau NP

2: Bénh giad ham muc tiéu véi moi ca thé trong bd dan sé

3: while <diéu kién diung> do

4: Tinh toan lua chon xac sudt cho mdi ca thé bang phuong
trinh Error! Reference source not found.)

5: fori=1toNPdo

6: Lua chon r,r,,r, s dung Gidi thuat 1

8: forji=1toDdo

9: if rand[0,1)<CR or j=j.ana then

1ﬂ: ”:,;' = 'rr,.; +FH{.I,;_, —"7':-"-...}:'I
11: else

12: U, =X,

13: end if

14: end for

15: Panh gia vecto thu nghiém w,

16: end for

17: Thuc hién giai doan lua chon sif dung Giai thuat 2
18: end while

4. Giai thuat két hop SLDM-IDE

So d6 giai thuat cho su két hop gilta SLDM va IDE duoc thé hién nhu
trong Hinh 2.

Thiét 13p bai toan RBDO

Thiét 1dp bai toan
101 wu hoa xac dinh

| — = . = ¥

Hinh 2. S0 dd gidi thudt SLDM-IDE
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5.Vidusé

Trong muc nay, hai vi du s6 dugc khao sat nham danh gia hiéu qua
cua giai thuat két hop SLDM-IDE. Pé ching minh hiéu cGa phuong phap
IDE, phuang phap DE sé dugc so sanh khi thuc hién bai toan téi uu hoé
khi khong xét dén dé tin cdy. Ngoai ra, mét su két hop gilra phuong phap
vong lap doéi DLM vdi IDE cling dugc thuc hién dé so sanh vdi SLDM-IDE
khi thuc hién bai toan RBDO,

5.1. Khung 02 nhip 06 tang

Khung 02 nhip 06 tdng chiu tai trong va phan nhém tiét dién nhu
Hinh 3.

50 kN
MAMuMN .l.;‘.l't '-ll'il'li.l;"l'l-ll'l'
o € 6 ! 3
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kM rr TFEFT ]
2% — _.._:_trusutr r rrsrn.rr !
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Hinh 3. Khung 02 nhip 06 tang

5.1.1. T6i uu hod trong luong khung — khéng xét dén dé
tin cay

Bai toan duoc phat biéu nhu sau:

Bang 1. Thong 56 dau vao cua bai todn

=243l
ey Ll el

Ham muc tiéu
Rang budc vé dé bén Muc 2
Rang budc vé dé léch chuyén vi
gilfa cactdng &: <1.17cm
Rang budc vé chuyén vi dinh O0<7.17cm
Nhém bién cot Wi2vawi4
Nhém bién déam W4x13 - W44x335
Hé 56 chiéu dai tinh todn trong mét K31
phang uén
Hé s6 chiéu dai tinh toan ngoai mat K=
phang uén e |
tuling 8 f, =24.822kN / cm
= o
M dun dan héi E = 20000kN / cm

e —— T
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‘Trong lugng riéng

Két qua cla bai toan khi giai bang DE va IDE sau 20 lan chay chuong
trinh duoc trinh bay & Bang 2. Trong luong t6t nhat tur DE va IDE 1a 67.17
kN, cao haon 3.48% so vdi BB-BC.

Bang 2. Bang so sanh két qua cha bai toan

p=7.68x10"kN/ cm’

» P=25kN, doléch chuan 20%;
* fg=50kN/m, do léch chuan 20%;

Bang 3 trinh bay két qua téi vu clia bai toan vadi ba truong hop chi s6
do tin cay =2, B=3, B=3.5. Trong do, trudng hop B=2 dugc 5o sanh vai
phuang phap DLM-IDE, két qua cho thay thdi gian tim kiém nghiém cua
SLDM-IDE nhanh hon nhiéu so vdi DLM-IDE. Ham muc tiéu tang lén
tuong ung ting trudng hop chi s6 do tin cay, Két qua dugc danh gia lai
dé tin cay bdi phuong phap FORM cho thay SLOM-IDE c6 dé tin cay tot.

BB-BC DE IDE G NS & e s
Kit6 Kaveh Bang 3. Két qua tai uu bai toan khi xét dén do tin cay
m Loai va . N DL
cau kién cau kién Abbasgholi Bl bl hém Loai M-IDE SLDM-IDE
ha (2011) cau cau kién B= B= ¥ B=3.
l Cot tang 1- W14x3 W14x Wi4x kién 2 2 p=3 5
5, cot bién 4 43 43 | Cot tang W1 W1 w14 wi4
5 Cot tang 6, W14x2 W12x W12x 1-5, cot bién 4x38 4x43 x43 x53
cot bién 2 16 16 5 Cot tang W1 W1 W12 W12
3 Cot 1-5, cot W14x6 W14x Wil4x 6, cot bién 2x14 2x14 x14 x14
giua 8 61 61 3 Cot 1-5, wi Wi w14 W14
4 Cot 6, cot W14x2 W12x W12x cot gida 4x99 4x90 x109 x109
gitra 2 14 14 " cote, W1 W1 W12 W12
5 Dam t&ng 1- W18x3 W18x W18x cot giua 2x14 2x14 x14 x14
5 5 35 35 5 Dam W2 W2 W24 W24
6 W14x2 W12x W1 2x tang 1-5 1x48 1x44 x55 x55
Dam ting 6 2 26 26 : Dam W1 W1 W16 W16
Best Weigth (kN) 64.91 67.17 67.17 tﬁngﬁ 4x26 6x26 x26 x26
Worst Weigth (kN) 67.86 69.73 Weigth (kN) 82. 80. 92.7 98.0
Average Weigth (kN) 67.32 67.69 s 9 68 2 8
Standard deviation (kN) 0.26 0.90 Total time (s) 335 136 143. 138.
Average number of 3775 2054 68 59 18 71
evaluations Number of 246 264 278 264
‘ . __ evaluations 0 0 0 0
Hinh 4 so sanh qua trinh hoi tu ham muc tiéu tot nhat cta bai toan. 20 19 305 3 59
Tu hinh vé cho thay IDE c6 toc @6 hoi tu nghiém tét hon so vai DE. Brorw 2 7

1600+~
— DE: Gia Iri tot nhat
|4m§ """ DE: Gia tn trung binh
= IDE. Gia tn tot nhat
***+* |DE: Gia tri trung binh
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60 80 100 120
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% 20 40

Hinh 4. So sanh qua trinh hdi tu cua DE va IDE
5.1.2. Téi vu hod trong luong khung - xét dén dé tin cdy
Pé gidi bai toan RBDO, dau tién can phai xac dinh cac bién thiét ké,
bién ngau nhién cung cac thong sé cla no. Trong bai todn nay bién thiét
ké 13 tiét dién mat cit ngang cua cau kién, bién ngau nhién dé xuat cac
loai nhus 11

=  E=20000 kN/cm?, @6 léch chuan 10%;
*  Fy=24822kN/cm? d6 léch chuan 10%;

Hinh 5 va Hinh 6 Ian luot thé hién ty s6 rang budc vé doé léch chuyén
vi gilfa cac tang va do bén cac cau kién dam - cot vdi ting truang hop do
tin cay khac nhau, cac ty s6 déu thoa man yéu cau vé rang budc

1497
=0

-o-RBDO i, =2
-2-RBDO §i. = 3

-6~ RBDO B, = 3.5

Do lech tang cho phep

Do lech tang (cm)

So tang

Hinh 5. So sanh ty 56 vé d6 léch tang cua bai toan co xet do tin cay
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Hinh 6. So sanh ty 6 o bén cia bai toan co xét do tin cay
5.2. Khung 03 nhip 15 tang

Khung 03 nhip 15 tang chiu tai trong va phan nhém tiét dién nhu
Hinh 7.

Roof Load . 12 4 kN/m
Floors Load 27 kh/m

15.02kN CT s =

3 8 8 3 35m
20 76kN | | .

i ? 8 . B ‘ 3 3A5m
20 61kN TOmEE 1

2

3 2 8 2 8 13 ASm
20 .61kN . g popebe—y 1

3 s 9 4 35m
28 .BEkMN - 4 & | I

s o Fg? 4 Tasm
29 19kN - J 1

4 & 9 . 9 * 4 35m
20 19N i | . 1

5 ‘ 10 ¢ 10 : 5 35m
28 41kN 55—t +—3 1

5 0 10 5 35m
28 .35kN S TR 1

5 0 |10 5 35m
28 206N s—tgt—5- 1 1

6 " 1" 6 3I5m
27 S1kN 0

(21 2 11 e 11 2 B 35m
27T . 10kN - 3 | 3 1 5 , I

6 1 " 6 [35m
26 TOkN . 2 peg 3 ! 1
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Hinh 7. Khung 03 nhip 15 tang
5.2.1. Téiuu hod trong luang khung - khéng xét dén dé tin cay
Bai toan duoc phat biéu nhu sau:

Bang 4. Thdng so ddu vao cua bai toan

! ik
S = i A, ZplLf
=1 =l

Muc 2

Ham muc tiéu

Rang budc vé dé bén
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Rang buéc vé d6 léch chuyén vi

gilfa cac ting

Rang budc vé chuyén vi dinh

Nhém bién cot
Nhom bién dam

Hé s6 chiéu dai tinh toan trong mat

phang uén

Hé s6 chiéu dai tinh toan ngoai mat

phang uén

Cudng do6 tinh toan
Mo dun dan hoi

Trong lugng riéng

5 <H /300

0 <17.67cm

wi12-Wi4
W4ax13 - W44x335

K.2 1
K;=1
/= 24.822kN / cm®

E =20000kN / ent’

p=T1.68x10"kN [ cm’

Két qua clia bai toan khi giai bang DE va IDE sau 20 lan chay chuang
trinh duoc trinh bay & Bang 5. Trong lugng tét nhat ti DE va IDE 13 346.16
kN, thap hon 5,56% so vai BB-BC,

Bang 5, Bang so sanh két qua cUa bai toan

BB-BC DE IDE
Nhom Loai :;ﬁh
cau kiéen s : i b3
o cau kién Abbasgholih Beihdo
a({2011)
Dam
1 =
tdng 15 W18x35 W8x18 W8x18
Dam W24x5 W24x5
2
ting 1-14 WZixda 5 5
Cot
tang 13- W14x2 W14x2
3
15, cot W14x30 6 6
bién
Cot
tang 10- W14x3 W14x3
4
12, cot W14x34 8 8
bién
Cot 4 W14x5
5  ting7-9, W14x34 T "2 §
cOt bién
cot W14x6 W14x6
6 ting 4-6, W14x68 ; X ! X
cot bién
Cot w Q
7 ting 1-3, 14x10 W14x9 Widx
cot bién 9 0 g
Cot
tang 13- W14x2 W14x2
8
15, cot W14x30 6 6
giua
Cot
tang 10- W14x3 W14x3
g X
12, cot W14x34 8 8
gida
Cot
10 ting 7.9, W14x90 W14x5 W14x5
cot gilra 3 3
Cot
- Sno a8 W14x14 W14x7 W14x7
cot gidta 3 4 4

Y e




“ Cot W1dx14 W14x9 W14x9
cot giua

Best Weigth (kN) 366.55 346.16 346.16

Worst Weigth (kN) 551.98 366.32

Average Weigth 362.15 35312
(kN)

Standard deviation 44 80 4.76
(kN)

Ave:rage number of 15286 7067
evaluations

Hirh 8 so sanh qué trinh héi ty ham muyc tiéu t6t nhat cha bai todn.
T hinh va cho thdy IDE cé tdc 86 hdi tu nghiém tot hon so véi DE.
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Hinh 8. 5¢ sénh qua trinh héi tu 3 DE va IDE

5.2.2. Toi uu hod trong lugng khung — xét dén a6 tin cdy

Tuang tu nhie vi de 1, bién thiét ké 13 tiét dién m3t cdt ngang cla cdu

kién, bién ngau nhién dé xudt cic loai nh sau:

= E=20000 kN/cm?, 86 léch chudn 10%;
v Fy=24.822 kN/cm?, d6 léch chuin 10%;
»  fgv=12.4 kN/m, dd léch chudn 20%;

v g, =27 kN/m, 80 1éch chuan 20%;

Bang 6 trinh bay két qua tdi vu cla bai toan v&i ba trudng hgp chi sé
dé tin cay =2, =3, =3.5. Két qua t&i vu dugc danh gia lai 85 tin cidy bdi
phuong phap danh gid 49 tin ciy bic nhat FORM mét 1an nia cho thay
phuong phip SLOM-IDE cé dd tin cdy tét.

Bang 6. Két qua tdi wu bai todn khi xét d&n 88 tin cay

Lot

6  ting -, ":1 4x6 W14x99 W14x68
ct bién
Cot
7 ting 1-3, T“g W14x90 W14x99
cot hién
Cot
tang 13- W14x2
8 15, cot 6 W14x26 W14x26
gida
Cot
ting 10- W14x3
9 12, cot g W14x38 W14x38
gilra
ot
10 ting 7-9, v;”“s W14x53 W14x53
cot givra
cot Wi4x1 W14x19 W14x15
11 tng 4-6, 45 X ; X A *
cOt givra
Cot
12 ting 1-3, v;”"g W14x99 W14x99
cot gilra
Weigth (kN) 370.09 394.24 417.67
Bronu 2.18 3.00 3.51

Nhom Loai

cBukien  cdu kién =2 p=3 p=3.5
DAm
1 t8ng 15 Wex18 Wex18 W8x18
DAm
y tang 1- ":24“5 W24x55 W24x68
14
CoHe
ting 13- W14x2
3 15, ot . W14x26 W14x26
bién
Cét
ting 10- W14x3
4 12,9-:&: 5 W14x38 W14x38
bien
Cot
' W14x5
5 ting 7-9, : X W14x53 W14x53
¢St bién

M\

Hinh 9 v3 Hinh 101an lugt thé hién ty s6 rang budc vé a6 léch chuyén
vi gilfa cac tang va dd bén cac cadu kién dam - gt tuong (ng vdi tifng
trudng hop 46 tin cay khac nhau, cac ty s6 déu thod man yéu cau vé rang
budc.

oz L 4 [ & 7 5 B 0 M 12 13 1w 1
S Lang
Rinh 9. So snh ty 4 vé @6 léch ting clia bai taidn 6 xét & tin iy
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Hinh 10. So sank ty s db bén cha bai todn cd xét dd tin Gy
6. K& ludn

Bai bao da trinh bay cich thanh lap va giai quyét bai toan tdi uu hoa
két cau khung thép dua trén &6 tin cdy su dung gidi thudt mot vong l3p
don xac dinh vdi bién thiét k€ rdi rac theo tiéu chudn thiét ké cha Vién
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thép Hoa Ky LRFD - AISC (2010). Phuong phap tim kiém nghiém téi uu
dua trén dé tin cay duoc sir dung Ia phuong phap két hop gita gidi thuat
mét vong lap don xac dinh SLDM va giadi thuat DE cai tién IDE. Trong
phuong phap SLDM, cic rang budc xac suat dugc chuyén doi xap xi
thanh cac rang budc xac dinh chi trong mét budc, do do chi phi tinh toan
duoc giam di dang ké.

K&t qua s6 chi ra ring phuong phéap két hop SLDM-IDE ¢6 mot s6 uu
diém: 1/ Chi phi tinh toan dé giai quyét bai toan RBDO duoc giam dang
ké; 2/ Cac thuat toan co thé dam bao rang cac 10i giai téi uu toan cuc va
3/ Cac thuat toan sé dé dang ap dung cho cac bai toan RBDO vdi cac bién
thiét ké rdi rac.

L&i cam on

Nghién ciru nay duoc tai tro bdi Quy Phat trién khoa hoc va cong
nghé Qudc gia (NAFOSTED) trong dé tai ma s6 107.99-2014.11.
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