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TGM TAT

Céac tham sd hinh hoc va vat ligu cda céng trinh ciing nhur tai trong
trong thuc t& |3 cac dai lrgng khang chéc chén. Chinh vi vay. dé vigc
thiét k& cong trinh phén anh chinh xac hon dic diém lam viec thyc t&
cia ket cau, di tin cdy cia cong trinh drgc quan tm nghién cin
trong thivi gian gén déy. Trong bai bao nay, tac gia trinh bay bai toan
tdii wru gian thép phi tuyén co xet dén diéu kien rang budc ve xac suft
phé hy cia cong trinh. Ham muc tigu |3 tdng khi legng he gian vai
bign thigt ke 3 bign lién tyc trong mat khoéng gia tri cho trudc. Digu
kien rang bugc twong (ng vai cac td hop tai trong cutng do va sir
dung. Xac sudt phé hiy céng trinh duge xéc dinh sir dung thudt toan
xac sudt ket hop gira 2 ky thuat 1dy mau phan tang mat phan “Latin
haa" (“Latinized” Partially Stratified Sampling) (LPSS) va Iy méu
quan trong nang cao (effective importance sampling) (EIS) va duge
dat tén 13 LPSS-EIS. Qua trinh t6i wru duge thye hign bang thuét toén
céi tién tign hoa vi phan (DE). Gian thép khang gian 72 thanh dugc
nghién ciru minh hoa cho bai toén ti vu dugc xay dung.

Tir khaa: Tign haa vi phan; tdi wu; gian thép; phan tich tryc tigp;
xéc suat; monte Carlo,

ABSTRACT

The geometric parameters and materials of the building as well as
the |oading in reality are uncertain quantities. Therefore, for the
design of the project to more accurately reflect the actual
working characteristics of the structure, structural reliability has
attracted researchers recently. In this article, the author
presented the optimization problem of nonlinear steel trusses to
consider the conditions of the structural failure probability. The
objective function is the total weight of the truss, while the design
variables are the continuous variables in given value ranges.
Constraints corresponding to the strength and serviceability load
combinations. The structural failure probability is determined
using "Latinized" Partially Stratified Sampling (LPSS) and Effective
Importance Sampling) (EIS) and is named LPSS-EIS. The optimal
process is performed using an improved differential evolution
(DE). A 72-bar steel truss is studied to illustrate the optimization
problem developed.

Abstract: Differential Evolution; optimization; truss; advanced
analysis; probability; monte Carlo.

1. DAT VAN BE

Két cau thép noi chung va hé théng gian thép noi riéng dugc
st dung réng rai nhd cac uu diém vuot troi cla vat liéu thép ca vé
kha nang chiu tai va bién dang t6t. DSi véi loai két cau nay, do dac
tinh phi tuyén cla vat liéu thép va tinh dé mat 8n dinh khi chiu
nén cla cau kién thép, cac phuong phap phan tich truc tiép duoc
quan tam nghién ctu va ap dung ngay cang nhiéu. Cac phuong
phap nay ciing dugc su chdp nhan réng rai trong cac bo tiéu chudn
I6n nhu AISC LRFD [1], Eurocode [2], v.v... Tuy nhién, so véi vat liéu
bé téng c6t thép, vat liéu thép c6 gia thanh cao hon rat nhiéu. D&
thiét ké hiéu qua va hgp Iy cac két cau thép, cac phuang phép téi
uu dugc nghién ctu ap dung kha phé bién va dem lai hiéu qua cao
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[3-6]. Bai toan t6i uu cho hé théng gian thép st dung phan tich
truc ti€p c6 tinh phi tuyén rat cao xuat phat tUr cac ung x phi
tuyén tinh phi dan héi ctia cong trinh. Trong cac trudng hop nay,
cac thuat toan metaheuristic dugc uu chuéng s dung do chiing
¢6 kha nang can bang hiéu qua trong viéc tim kiém nghiém téi uu
cuc bé va toan cuc. Mot s thuat todn metaheuristic néi tiéng nhu
la: simulated annealing (SA) [7], thuat toan di truyén (genetic
algorithm) (GA) [8], tim kiém hai hoa (harmony search) (HS) [9], tién
hda vi phan (differential evolution) (DE) [10], v.v.

Ban chat cla tai trong tac dung, kich thudc hinh hoc cta két
cdu va dac diém cda vat liéu la dai lugng khong chdc chan. Diéu
nay khién cho céng trinh luén tén tai mot xac suat nhat dinh bi hu
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héng trong qua trinh lam viéc. Su thiét ké khong thich hop c6 thé
khién cho ti [& xac suat nay cao lén va gay nguy hiém hon cho cong
trinh. Van dé nay dac biét can luu y déi véi cac bai toan thiét ké téi
uu, do cac nghiém t6i uu thudng rat sat vai cac diéu kién rang
budc. Chinh vi vay, gan day nhiéu nghién ctu vé bai toan téi uu co
xét diéu kién rang budc la xac sudt pha hay cta cong trinh dugc
thuc hién [11-12]. M6t diém can luu y déi véi két cdu gian phép s
dung phan tich truc tiép la cac trang thai gi¢i han clia hu hong két
cau khé dugc biéu dién dudi dang ham toan hoc nén cac phuong
phép toan hoc dé tinh toan dé tin cdy nhu FORM va SORM thudng
cho sai s6 tuang dé6i I6n. Chinh vi vay, cac phuang phép 1dy mau
nhu MCS va LHS thudng dugc st dung, nhung ching lai cé nhugc
diém 1a can phai c6 mot s6 lugng mau rat I6n. Van dé nay cang trg
nén nghiém trong khi két hgp st dung gilta thuat toan
metaheuristic va cac phuong phap ldy mau do ca 2 16p ky thuat
nay déu doi hai s6 lan Iap lai phan tich két cau la rat nhiéu.

Trong nghién clru nay, tac gia phat trién mot cdng cu hiéu qua
cho bai toan thiét ké t6i uu gian thép phi tuyén xét dén xac suat
pha huy. Phuong phap tién héa vi phan cai tién (EpDE) do Truong
va Kim dé xuat [12] dugc st dung nham gidm thiéu s6 1an danh gia
diéu kién rang budc ciing nhu hiéu qua hon trong viéc tim kiém
nghiém t6i uu. Xac suat pha huy ctia cédng trinh dugc xac dinh su
dung két hop gilra 2 ky thuat Idy mau phan tang mét phan “Latin
héa” (“Latinized” Partially Stratified Sampling) (LPSS) va lay mau
quan trong nang cao (effective importance sampling) (EIS) do Kim
va Truong [13] dé xuat. Gian thép khong gian 72 thanh dugc
nghién ctu minh hoa cho bai toan t6i uu dugc xay dung.

2. THIET LAP BAI TOAN TOI UU KHOI LUGNG GIAN THEP SU
DUNG PHAN TiCH TRUC TIEP

Ham muc tiéu cda bai toan 13 t6i thiéu héa téng khdi luong hé
gian nhu sau:

d [
Min W(Y):pZ[y,ZL,jj (1
= j-1

trong d6 p la khéi lugng riéng clua vat liéy,

Y = (V1 Varr¥y) 1avecto bién thiét ké ciing chinh Ia dién tich
tiét dién cla cac thanh dan; d 1a s6 lugng bién thiét k& d, la

s6 thanh dan trong nhém phan ti thanh thi i; £, la chiéu dai

cla thanh dan thi j trong nhom phan t thit i. Trong bai toan thiét
ké c6 bién la bién lién tuc thi bién thiét k& y,(/ =1,..,d) dugc
chon trong khodng gia tri cho trudc [y}"Wb, f’pﬂ )

Dai v6i t6 hop trang thai gidi han cudng d6, bang viéc st dung
phan tich truc tiép cho phép tinh toan kha nang chiu tai cta ca
cong trinh. Su an toan cta cong trinh dugc danh gid moét cach don
gian théng qua so sédnh gitta khd nang chiu tai va 4p luc do tai
trong gay ra dugc thé hién nhu sau:

C,f”=1—%so, )

k
trong d6 R, la kha ndng chiu tai clia két cdu ddi vai té hop
tai trong thi k va S, la hiéu tng do t6 hgp tai trong cudng do
tha k gay ra.
Dai v6i t6 hop trang thai gidi han st dung, diéu kién vé chuyén
vi dugc dam bao théng qua cdng thic sau:

i =Aj"’—1so, J =1, @)
J.

trong d6 nn 1a s6 nat dan dugc xét diéu kién chuyén vi,
A, va A‘]'.I,
tuong Ung véi t8 hgp trang thai gidi han st dung thit .

Diéu kién rang budc vé xac suat hu hong clia cong trinh nhu sau:

la chuyén vi va gigi han chuyén vi clia nat thi j

Ccr = M -1<0 (4)
P

a

Trong dé F}(X) va P, la xac sudt hu hong ctia cong trinh

va gid tri cho phép ctia n6; X =(X,,X,,...,X,) la bién ngéu

m
nhién clia cdng trinh.

DGi vdi bai toan t6i uu co diéu kién rang budc & trén, dé ap
dung cac thuat toan meta ho-rit-tic chiing ta can st dung cac ky
thuat dé xu ly cac diéu kién rang budc. Trong nghién ctu nay,
phuong phap ham phat dugc st dung do ky thuat nay kha don
gian va hiéu qua t6t cho hau hét céc loai rang budc khac nhau. Khi
d6, ham muc tiéu clia bai toan dugc viét lai nhu sau:

W, (Y) = (1 +a,p+ ad,spﬂz + apmﬂ3) ><W(Y) (5)
trong dé:

B, = Z(max(Ck“’,O))
B, = Z{imax(q‘.’fj”,o)] 6

B, = max(C”*,0)

=

VO @y, Qug,Va @, la cac tham sé phat tuong Ung vdi
cac diéu kién rang budc vé cudng do, chuyén vi va xac suat hu
héng cta cong trinh. Gia tri clia cac tham s6 phat dugc lay gia tri
da 16n nham loai bo cac thiét ké bi vi pham va chi con lai cac thiét
ké thda man tat ca cac diéu kién rang budc. Trong nghién ctu nay,

cac tham s6 phat dugc ldy bang 10000.

3. XAC PINH XAC SUAT HU HONG SU DUNG LPSS-EIS

Ky thuat Idy mau LPSS dugc Shields va Zhang [14] dé xuat vao
nam 2016 bang cach két hop cac phuang phap Idy mau phan tang
moét phan (partially stratified sampling) (PSS) va ldy mau phan tang
“Latin héa” (“Latinized” stratified sampling) (LSS). PSS va LSS la cac
thuat toan cai tién hiéu qua tir phuong phap Idy mau phan tang
(stratified sampling) va LHS. Do d6, LPSS hiéu qud manh mé trong
viéc gidm phuong sai cla cac udc lugng théng ké. Cac budc chinh
cla LPSS dé tao mau clia khéng gian N chiéu @ nhu sau:

Budc 1: Dinh nghia N va Nmau 13 56 chiéu va téng s6 mau.

Budc 2: Chia khéng gian @ thanh Ns khong gian con Ni chiéu

Ry NS
Q;(i=1,.,N;) thdéa man cac diéu kién sau: (1) Q,=0, ()
i=1

NS
©;NO =T voi j#k,(3) D N;=N.
1

Budc 3: Chia cac mién con @;(i=1,.,N;) thanh M téng

Qe (k =1,.,M;) thda man diéu kien: Npq, =M (i=1,..N;).

Buéc 4: Ap dung
Quli=1,.,Ngk=1,.M,).
Budc 5: Tao mau clia cac khdng gian con ©;(i =1,.,N;) bang

LSS d& tao mau cho tang

cach nhdm ngau nhién cadc méu ctiatdng Q; (i=1,.,Ngk=1,.,M;).
Budc 6: Tao mau cho khong gian @ bang cach nhom ngau
nhién cac mau cda cac khong gian con ©;(i =1,..,N,) .
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Bén canh d6, EIS dugc dé xuat bai Truong va Kim [13]. Ham
trang thai gidi han clia cong trinh chiu tai trong khi st dung phan
tich truc ti€p nhu sau:

G (X):Rx—m—1 (7)

Xm

Trong déX:(y1,...,y,,x1,...,xm) la vec-td bién ngau nhién cla
hé cong trinh vé&i y;(i=1,.,/) labién nga nhién lién quan dén kich
thudc hinh hoc clia céng trinh va dac tinh cda vat liéu va
xi(i:1,..,m) la bién ngau nhién cla tai trong; R,,, la khd ning
chju tai ctia cong trinh xac dinh theo tai trong tdc dung x,, . Ry,
duogc xac dinh nhu sau: trang thai chiu tai cdla cong trinh khi chiu cac
tdi trong (x1,...,xm_1) dugc xac dinh trudc, sau dé trang thai lam
viéc clia hé cdng trinh khi chiju tai trong  x,,, dugc tiép tuc tinh toan.

Xé&c suat pha hay cta céng trinh Pr dugc xac dinh nhu sau
dua trén ky thuat IS:

N
1 .
P s :NZ/(X,,,') 8)
=
Trong dé:
f, (x)

) "’—'ln khiR;m:Rxm(x1i,x2i,...,xm71i)£xmi
I(X;n): 9x, (Xm)

m

)

i iy i i
0 khiR,,, :Rxm(x1 /X2 e X4 )>xm

Sai s6 khi tinh  Pr s c6 thé gidm thiéu bang cach lap lai
nhiéu lan qua trinhtao N mau x,, nhusau:
k

‘I .
_ j
Pr eis = p 21 F s (10

J
Trong d6 k la hé s6 Iap trong EIS va P/ 1a gia tri cla

Pr ;s tronglantao mauthdrjcda N mau x,.

4. THUAT TOAN TIEN HOA VI PHAN EPDE:

Thuat todn EpDE dugc Truong va Kim [12] xdy dung dua trén
thuat toan tién héa vi phan (DE). Trong EpDE, ky thuat dot bién
‘DE/pbest/1' dugc ap dung dé tao ra ca thé méi U nhu sau:

Uj = Xppese +F (X, ~X, ) (1)

VGi Xppese la cd thé dugc lya chon ngédu nhién trong top
100p% ca thé tét nhat trong quan thé hién tai. Giatri p & vong
Iap tha k dugc xac dinh:

i)
p(k)=AxD\ s (12)
Trong d6 D 1a s6 lugng ca thé trong quan thé; A va B 1a 2 tham
s6 dugc cho trudc. p dat gid tri I6n nhat bang A tai vong tién héa
dau tién va gidam dan. Nhu vay, trong giai doan dau, chuong trinh
t8i uu c6 xu hudng kham pha trong quan thé nham kiém kiém cac
khu vuc tiém nang. Trong giai doan sau, chuong trinh cé xu hudng
sir dung s6 lugng it dan cac ¢ thé t6t nhat trong quan thé nham
tdng t6c d6 hdi tu clia quan thé. Piéu nay hoan toan phu hop véi
dac diém hoi tu cha quan thé trong qua trinh téi uu. Bén canh do,
trong EpDE, hé s6 dét bién F dugc ldy bang 0.7 va hé s6 lai tao CR
nhan gia tri ngau nhién trong khoang [0,1].
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5. TRUONG HOP NGHIEN CUU
Mét gian khoéng gian 72 thanh véi kich thudc nhu trén Hinh 1

sé dugc nghién ctu trong phan nay. Cac thanh gian dugc chia
thanh 16 nhom tiét dién khac nhau 1a: (1) A4-A4; (2) Ag-Aq,; (3)
A13-A16; (4) Aq7-A1g;(5) Agg-Ap;(6) Apz-Aszg; (7) Azq-Azy;
(8) Azs-Azgi (9) Azz-Aggi (10) Agq-Augi (11) Ag-Asy; (12)
As3-Asy i (13) Ags-Asg ;i (14) Asg-Age; (15) Agz-A;0 5 (16)
A;4-A5, . Cac bién t6i uu la dién tich tiét dién thanh dugc 1ay trong
khoang [64.516,22580.6] (mm?). Tai trong gié dugc mo phong dudi
dang tai trong diém tai cac nut gian theo phuong truc X. Tinh tai va
hoat tai dugc chuyén ddi thanh tai trong tap trung tai nat gian.
Khéi lugng riéng clia vat liéu 1a 2767.99 (kg/m?). T6 hgp tai trong
cudng d6 dugc xem xét la: (1.2Dn+1.6Ln) va (1.2Dn+0.5Ln+1.7Wn),
va t6 hop st dung dugc xem xét la: (1.0Dn+0.5Ln+0.7Wn). Gi4 tri
han ché diéu kién chuyén vi la dé léch tang va lay bang H/400 vdi
H 1a chiéu cao tang. T8 hgp tai trong xét dén xac suat hu héng cua
cobng trinh la (1.2Dn+0.5Ln+1.7Wn) véi cac théng s6 bién ngau
nhién dugc cho trong Bang 1. Trong dé, Dn la tinh tai danh nghia,
Ln Ia hoat tadi danh nghia va Wn la tdi trong gi6 danh nghia. Ba
thuat toan EpDE-IHS-EIS, EADE va ANDE dugc st dung dé so sanh.
K&t qua tinh toan culia ba thuat toan nay dugc cho trong tai liéu [13].
Diém khac nhau gitta EpDE st dung trong bai bao nay la két hgp
vGi ky thuat tinh toan xac suat hu hong LPSS-EIS thay vi IHS-EIS
trong tai liéu [13]. Cac thong s6 hé théng cho 3 thuat toan nay
dugc ldy nhu trong tai liéu [13]. DGi véi LPSS va IHS, ¢ méau dugc
lay lan lugt bang 64 va 200.
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Hinh. 1. Gian khdng gian 72 thanh
Bang 1. Dac tinh cta bién ngdu nhién

. Biénngdu  Gidtridanh Trung binh/ _—
Loai nhién nghia Danh nghia v Dang phan b6
Vit E 68.95 (GPa) 0.993 0.034 Lognormal
ligu Fy 172.375 1.10 0.06 Lognormal

(MPa)
Tiét A - 1.00 0.05 Normal
dién li - 1.00 0.05 Normal
Tai D 50 (KN) 1.05 0.10 Normal
trong L 50 (KN) 1.00 0.25 Gumbel
W 50 (KN) 0.92 0.37 Gumbel

Bang 2 trinh bay két qua t&i uu tim dugc cla 4 thuat toan aeDE,
ANDE, EpDE va thuat toan dé xuat. K&t qua tinh toan cho thay,
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thuat toan dugc dé xuat co két qua toi uu tuang tu nhu thuat toan
EpDE st dung IHS-EIS. Diéu nay la hoan toan phu hgp véi thuc té la
gilfta 2 thuat toan trén chi khac nhau vé ky thuat si dung cho viéc
tinh toan xac sudt hu héng ctia cong trinh. Cu thé 1a EpDE st dung
IHS-EIS va thuat toan dugc dé xuat tim dugc nghiém t&i uu c6 khéi
lugng nhé nhat la 676.680 (kg), t6t hon két qua cla aeDE la
680.780 va clia ANDE la 777.680 (kg). Bén canh d¢, thuat toan duoc
dé xudt va EpDE st dung IHS-EIS cling thé hién su &n dinh t6t hon
so v&i aeDE va ANDE khi cac gid tri vé nghiém téi uu kém nhat va
trung binh céc lan tim 1a t6t hon. So vé s6 lan phan tich két cau,
thuat toan dugc dé xuat to ra vugt trdi so vai EpDE st dung IHS-EIS,
aeDE va ANDE. Cu thé, thuat toan dugc dé xuat chi st dung sé lan
phan tich két cau trung binh 1a 130334 (lan) bao gém ca tinh toan
xac suat hu hdng cta céng trinh cho diéu kién rang budc vé dé tin
cdy. S6 lan phan tich két cu trung binh ctia EpDE st dung IHS-EIS
gap dén 2.95 lan so vai thuat toan duoc dé xuat. K&t qua cua aeDE
va ANDE ciling gap dén 7.7 va 3.4 lan so vGi thuat toan duogc dé
xuat. Diéu nay dugc gidi thich la nhd uu diém cta LPSS-EIS so véi
IHS-EIS dugc xét cho nghiém thiét ké t6t nhat thé hién trén Hinh 2.
Hinh 3 trinh bay qua trinh t&i uu cia cac nghiém t6t nhat tim dugc
clia cac thuat toan.
Bang 2. Két qua tdi uu

e e A o aeDE (véi ANDE (véi EpDE (vdi .
D'e"nt}']%hr;'(e;]‘::ﬁ;‘ G MsES)  HES)  MSHS) on
[13] [13] [13]
T A-Ad 74771 7075.1 7669.2 7669.2
2 AS-A12 17459 20535 1703 1703
3 A13-AT6 4427 49856 191,59 191,59
& AI7-A8 17308 82232 237.05 237.05
5 A19-A2 46089 45433 4673.1 4673.1
6 A3-A30 1455.5 1596.6 14745 14745
7 A31-A3 11268 483.43 70.44 70.44
8 A35-A36 706 227 460.29 460.29
9% A37-A40 2643 3607.4 25209 25209
10: A41-Ad8 9438 958.12 918.43 918.43
1M Ad9-AS2 15782 49313 122,98 122.98
121 AS3-AS4 8114 8573 186.99 186.99
13 AS5-AS8 830.69 896.8 740,91 740.91
14 A59-A66 621.77 747.9 673.68 673.68
15 A67-A70 219 32158 163.77 16377
16 A71-AT2 55522 54811 579.57 579.57
Khdi lugng t6i wu tot
A I 676.680
Khai lugng toi uu kém
hittmauc (g 7B 10420 GBS0 688.930
Khoiluongtoiwutung o e 905102 681866 680514
binh tim dugc (kg)
SOlanphantichketcu 4 o0acor  gasa00  3s4490 130334
trung binh
Tilesolanphantich o 2o 341 7a9  20501% 100%
két cdu
0.18
R . IH5-EIS —— LPSS.EIS
014
012
5 0.10
8005
0ns 45
0.04 3
0.02 —
000 R —
0 2,000 4,000 6,000 8,000 10,000

56 lrong mdu

Hinh. 2. Bi€u d6 quan hé gitta COV va c§ mau

Khdi lrong gian (kg)

0 1,000 2,000 3,000 4,000 5.000
56 lan ddnh gid ham mue tifu

Hinh. 3. Qué trinh ti uu tuong ting vdi nghiém t6t nhat

6. KET LUAN

Bai bao trinh bay bai toan téi uu gian thép phi tuyén co xét dén
diéu kién rang budc vé xac suat pha hay cta céng trinh. Ham muc
tiéu 13 téng khéi lugng hé gian véi bién thiét ké 1a bién lién tuc
trong mot khoang gia tri cho trudc. Diéu kién rang budc tuong Ung
V@i cac t6 haop tai trong cudng d6 va st dung. Xac suat pha hay
coéng trinh dugc xac dinh sit dung thuat toan xac suat két hgp gilra
2 ky thuat lay mau phan tdng moét phan “Latin héa” (“Latinized”
Partially Stratified Sampling) (LPSS) va ldy mau quan trong nang
cao (effective importance sampling) (EIS). Qua trinh t6i uu dugc
thuc hién bang thuat toan cai tién tién hoa vi phan (EpDE). Két qua
tinh toan gian thép khoéng gian 72 thanh cho thay thuat toan dugc
dé xuat tiét kiém sé lan phan tich két cau rat nhiéu so véi 3 thuat
toan EpDE, aeDE va ANDE. Huéng nghién ctu ti€p theo tac gia sé
ung dung thuat toan LPSS-EIS cho bai toan t6i uu két cau khung
thép va t6i uu cdng trinh thép chiu tai trong dong dat.
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