KET QUA NGHIEN CUU VA UNG DUNG

MOT CACH GIAI PHWONG TRINH CO BAN
CUA PHUONG PHAP PHAN T HO’U HAN KHI CO HAM THUOQC
CUA CAC THAM SO MO’

Lé Xuén Huynh'; Lé Céng Duy’

Tém tat: Bai béo trinh bay mét thuat toén duoc dé xuét dé gidi phuong trinh co
ban ctia phuong phép phéan ti hitu han - mé hinh chuyén vi cé tham s6 mo. Thuéat
toan duoc xay dung dwa trén nguyén ly mé rong va phuong phéap téi uu mirc
anpha. Mot vi du sé ap dung tinh khung phang c6 cac tham sé mo dang tam giéc
la médun dan héi véat liéu, kich thwdc hinh hoc va tai trong tinh. Két qua tinh
chuyén vi nut két céu la cac sé6 mo duoc so sanh véi két qué tinh theo phuong
phép PTHH tai gié tri trung tam.

Tir khéa: ham thuéc, tham sé mo.

Summary: This article presents an algorithm for solving basic equation of finite
element method-displacements model, with taking account of some fuzzy input
parameters. The algorithm is established by the aid of extension principle and
anpha-level optimization method. A numerical example is applied for a plane frame
structure in that elastic modulus, geometric dimensions and statics loads are
triangle fuzzy numbers. Fuzzy nodal displacements output results have been
compared with results of the solution by FEM that computed at center values of
input fuzzy parameters.
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1. Dat van dé

Phuong phap phan t& hiru han mo (PTHHM) trong phan tich két cAu la két quéd mé rong
phuo’ng phap phan t& hivu han truyen théng (PTHH) khi xét dén tinh khong ré rang, khdng chac
chan (uncertalnty) dwoi dang s6 mo cla cac tham sé dau vao va tham s mé hinh khi phan tich
két cAu. Tay thudc ban chét cta tham sé va dang mé hinh, tinh khéng chac chan dwoc mo ta
b&i cac sb m& cé ham thudc khac nhau. Khi dé trong phuong trinh co ban cia phuong phap
PTHH [K]{q}={f}, ma tran d6 cirng [k] va vecto tai trong {f} sé chira cac tham s dau vao mo va
do d6 vecto chuyén vi tim dwoc {q} 1a cac két qua mo.

Viéc nghién ctru va tinh toan két ciu c6 xét dén cac yéu t6 khong ré rang, khong chéc
chan thé hién dwéi dang s6 md la mot van dé dang dwoc nhiéu chuyén gia, ki sw két cau trong
va ngoai nwéc quan tam. No6i dung chinh trong phwong phap PTHHM la khi biét cac tham sé
m& qua ham thudc (membership function) clia chung, ta can tim nghiém phwong trinh co ban
ctia phwong phap PTHHM. Cé mét sbé cong trinh toan hoc gidi thiéu cac phwong phap giai
phuwong trinh dai sb tuyén tinh hodc phi tuyén mé [1, 2] véi cac thuat toan di truyén (GA) va mo
phdng Monte-Carlo m&. Cac cdng cu toan nay kha phire tap khi ap dung tinh toan két ciu, khéi
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lwong tinh toan rat Ién. Trong [3], gi¢i thiéu so d6 thuat toan phan tich két cAu mé theo mé hinh
ngau nhién md. Tac gid dé xuat so dd thuat toan két hop phwong phap téi wu mirc anpha, véi 28
bwéc, 5 vong 18p rat cong phu nhwng ciing kha phure tap. Vi du minh hoa gidi bai toan dao dong
riéng hé 3 bac tw do, mddun dan hodi va hé sb can la cac dai lwong meé tam giac cho trwde. Trong
[4] tac giad gidi thiéu chung vé phwong trinh co ban clia phwong phap phan tir hivu han me va
trinh bay vi du tinh tdn sé dao ddng riéng clia ddm phéng cé 27 bac tw do v&i cac dai lwong me
cho trwdc 1a déc trung tiét dién va khéi lwong cla két ciu. Trong [4] cac tac gia chi don gidn néu
duong 16i st dung tap cat - o két hop véi phép toan phan tich khodng cta ly thuyét tap me dé
gidi bai toan, tac gia [4] khdng trinh bay thuat gidi cho bai toan dé co két qua tinh toan.

Trong bai b&o nay, xuét phat tir nguyén ly mé rong (Extension Principle) va phwong phap
tdi wu murc anpha (o-level optimization), tac gid d& xuat mot thuat toan giai phwong trinh co
ban ctia phwong phap PTHH mé hinh chuyén vi, trong d6 cé mét sé tham sé dau vao mé nhw
kich thwéc hinh hoc, médun dan hdi va tai trong ngoai. Thuat toan duoc trinh bay véi két ciu
hé thanh, phan t&r mau sau bac tw do.

2. Phuong trinh co ban caa phwong phap PTHH me

Theo nguyén ly cong kha di, thiét lap dwoc phwong trinh co ban cla phuwong phap
PTHH m& nhw sau

[k14q} =1/} (1)
trong d6 [/;] l& ma tran dd cing tdng thé cta két cu, la mot ma tran vudng cé kich thuwdce tuy

thudc vao sb bac tw do ciia tat ca cac nit. Cac phan t&r clia ma tran [k | 1a cac s& mé, c6 dang
tdng quat déi véi hé cé n bac tw do nhu sau:

1,;11 klZ kl3 kln
[]:] _ k21 kzz k23"- k2n
];nl ;nZ ;n3" ;nn

Dé& minh hoa cho viéc trinh bay thuat toan, khong lam mét tinh tdng quat, ta thwc hién
tinh toan v&i két ciu khung phang. Gia st dién tich mat c&t ngang, chiéu dai phan tt, mé men
quan tinh tiét dién va médun dan hdi 1a cac tham sé md. Chuyén tir ma tran d6 cirng [k] cla
phuwong phap PTHH, khi khong xét dén tinh me& cua lién két, ta ¢ ma tran dé clrng mo cla
thanh thang c6 sau bac tw do nhw sau:

e~ 0 e~ 0

EA/T o ., —EA/ U

0 12E1 /1 6EI /1 0 —12EI/1° 6EI/I*
= |0 6ET/T°  4EI/I ~6EI/T*  2EI/T
(k1=] __ _ o

_EA)T O 0 EA/T 0 0

0 ~12ET/T° —6EI/I* 12ET /T —6EI/I’

0 6EI /1> 2ET /T 0 —6EI /1> 4ET/T

trong d6: £, 4,7, 1an lwot Ia cac dai lwong mo: mddun dan hdi, dién tich mat cit ngang, mo
men quan tinh va chiéu dai cta phan t& thanh;
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- {]N’} la véc to lwc nat véi mdi phan tir c6 dang sd me, cé kich thudc (nx1);

- {g} la vecto chuyén vi nut ctia két cau, véi mbi thanh phan chuyén vi nat 1a cac an sb
duoc xac dinh bang cach gidi phwong trinh (1).

Ma tran dd cing va vecto lwc nut cé cac phan tir 1a cac sé md nén cac thanh phan cla
véc to chuyén vi nat {g}cing la cac sb md, cé kich thudc twong wng (nx1), dang
{q} = [671 az 67,, ]T
3. Mét cach giai phwong trinh co ban ctia phwong phap PTHH c6 tham s6 mo

Cach giai nay dwa trén cong cu toan la phwong phép ti wu mirc anpha, dwoc gidi thiéu
trong [3]. D& tién theo dai, xin trinh bay néi dung phwong phap nay, cé vi du minh hoa don gian.

3.1 Phwong phép t6i wu mirc -« [3]

Bién mo dau vao

H(xq) Bién m¢ dau vao H(x2)

X1 X2,0k] | X2, Olkr X2

X2 € Ap 0

| »| Phépanhxa 4—’

yi € Bj ok

T6i wu mirc-a.

Yi.Od Y;, Ok y

A 4

Bién déuramo y ; € B;
Hinh 1. So dé thuat toan tbi wu mirc -a

Phwong phap duoc thwc hién bang cach roi rac héa tat cd cac bién md dau vao voi
cuing mot mire do thudc oy, k = 1,...,n (0 < oy < 1). So' dd minh hoa thuat toan ctia phwong phap
v&i hai bién dau vao mé, mot bién dau ra mo nhw trén Hinh 1.
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T so d6 thuat toan ta thay véi mirc -oy, tlr tAp x;€Aq oy va tap x,eAz 0y c6 thé tinh dwoc
cac gia tri cla yjeBj,o v&i j=(1,...,m), trong do y; o 1a gié tri nhd nhat va y; oy, 1a gia tri I6n nhat
clia tap mirc -a, Bj,ax. Tuy nhién viéc xac dinh hai gia tri nhd nhat y; oy va 1én nhét y; o, khdng
thwe hién bang phép toan min-max ma dwoc xac dinh théng qua hai bai toan téi wu:

y; = fi(X1,...,Xn) — min, voi diéu kién (X1,--,Xn)EXaik (2)
y; = fi(X1,...,Xn) — max, voi diéu kién (X4,...,Xn) € X (3)

Giai hai bai toan qui hoach (2) va (3) ta dwoc hai gid tri nhé nhat va Ién nhat cla bién
dau ra y;c6 mirc do thude twong tng 1a oy vEi afy;) = o, dong thoi cling xac dinh duoc gia tri
diém tbi wu clia cac bién dau vao Xio ok tong (rng vai cac gia tri min-max clia két qua dau ra y;.

Viéc tinh toan xac dinh dang ham thudc ctia s m& bang thuat toan téi wu mac -o doi hoi
phai gidi 2m bai toan qui hoach v&i m 1a sb lwgng diém chia mirc d6 thudc o, trong khodng
[0,1]. Théng thwéng chia truc tung cla ham thudc cla cac sé md dau vao thanh muwdi khodng
bang nhau v&i sb gia clia mic o, = 0.1 s& cho ham thudc két qua dau ra c6 hinh dang kha gan
v&i hinh dang thwc cla né.

Vidy, xét ham sb mo ¥ =1,2.X —2.5,.X, + X, , trong d6 X,,X, la cac sb mo tam giac
cé ham thudc nhw trén Hinh 2a,b. Bé xac dinh ham thudc dau ra, ta rdi rac hda cac bién mo véi
11 mi&re a dung thuat toan t6i wu mirc-a bang phan mém Maple 13, [9] két qua cho trong Bang 1.

wx
| SRR %

I s T T,
Hinh 2.a Hinh 2.b

Béng 1. Két qua tinh toan theo thuét toan téi uu mirc-a

Ok | Xq,0k | X1,0kr | X200k | X2,0kr | X1opt, Okl | X20pt, Okl | Ymin, Okl | X10pt,Okr | X20pt,Okr | Ymax,Okr

0 1 6 2 7 1.667 2.000 0.667 1 7 36.200

01| 1.2 5.7 23 6.8 1.192 2.299 0.882 1.199 6.799 | 31.648

02| 14 5.4 26 6.6 5.400 6.599 1.127 5.400 2.600 | 27.432

03| 1.6 5.1 29 6.4 2.417 2.899 1.402 1.600 6.400 | 23.552

04| 1.8 4.8 3.2 6.2 2.667 3.200 1.707 1.800 6.200 | 20.008

0.5 2 4.5 3.5 6 2917 3.500 2.042 2.000 6.000 | 16.800

06| 22 4.2 3.8 5.8 4.200 5.799 2.407 2.200 3.799 | 13.928

07| 24 3.9 4.1 5.6 3.899 5.599 2.802 2.399 4.099 | 11.392

08| 26 3.6 4.4 5.4 3.600 5.400 3.232 2.600 4.400 9.192

09| 28 3.3 4.7 5.2 3.299 5.200 | 4.138 2.799 4.700 7.328

1.0 3 3 5 5 3 5 5.800 3 5 5.800
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Tw Bang 1, ta co gia tri can dwai, can trén va gia tri trung tam cta y lan lwot 1a: ymin =
0.667; Ymax = 36.200; y, = 5.800. Tir bang sb liéu v&i cac gia tri clia oy €& CAC gid tri Ymin VA Ymax
twong (ng, ta cé duoc dd thi ham thudc clia sé m& V dang phi tuyén nhw trén Hinh 3.

u)

1 5.8
4.137.328
0.8 4 535 9492

3:232

2.802

0.6 -

0.4

0.2 127 432
{0.882 1.648

Hinh 3. Ham thudc cda s6 mo 'y

g
<

3.2 Mét cach giai phwong trinh co’ ban cua phwong phap PTHH mo

Cac tham s6 trong phwong trinh (1) c6 dang s mé nén viéc gidi phwong trinh (1) dé xac
dinh gia tri cGia cac thanh phan chuyén vi nat dwoc tién hanh két hop véi cac phép toan cla sé
hoc m&. Trong bai nay dé giai phwong trinh (1) tac gia van dung phuwong phép téi vu murc -o.
xac dinh cac thanh phan chuyén vi m& ctia nat. T phwong trinh can bang ctia hé két ciu theo
phwong phap PTHH mé (1) sau khi x(¥ ly diéu kién bién (kht suy bién) ta cé thé viét lai phwong
trinh nhw sau:

G =[k1'{f} (4)

Khai trién phwong trinh (4) ta c6

e e B Fn FaeE | XT ®)
@ = hamr = f2 R ) TUS
‘7;: I;n[ EHZ ]:n3 l;lm ?’7

bat [g]=[l:]_1 la ma tran nghich ddo cla ma tran d6 cirng téng thé cla két ciu. Viéc
nghich ddo ma tran [k | chira cac phan t&r dang symbolyc, dwoc tinh toan truc tiép bing phan

m&m Maple.13 véi didu kién dinh thirc ciia [ | 13 khac khong. Phuong trinh (3) dworc viét lai

671 gll 512 513 . gln 171
{‘7} = 1> =[5]{f}: 521 522 523 an X 72 (6)
4 5’”1 5712 5n3 - g»m 17;1

trong d6 phanter 5 — 1 (—1)("”).det(1\71ﬁ.) v&i det(l;) la dinh thirc cila ma tran d6 clrng

Y det(k)
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téng thé [l;]; det( 1\714./.) la dinh thirc clia ma tran []\7[.].1.]; [1\71.].1.] I& ma trén con suy ra tir ma trén
[k ] bing cach bé di hang j, cot i.

Phwong trinh (6) chuyén vé& dang hé phwong trinh dai sb tuyén tinh

1 :51171 +512172 +"'+5~ln7n
=0, fit0nfi+..+t8,,f, (7)

EECINY:
S}

al = gnl?l + é:1;'1272 +o. T+ gnn 771
Xét phwong trinh th i cda hé phwong trinh (7)
q~i =0, /1 +0,f, +..+6,1, (8)

Trong phwong trinh (8), vé trai 1a thanh phan chuyén vi me thv i can tim, dwoc xac dinh

tr cac tham sé mo ng va f. (i, j = 1,2,...n). Ta xem phuong trinh (8) nhw 1a mét ham sb me,
can xac dinh bién ddu ra la ¢, theo cac bién dau vao mo da biét SJ va f.(ij=1.2,...n). Cac
phwong trinh tir (4) dén (8) dwoc tinh toan thé hién dudi dang Symbolic [9], sau dé dung thuat
toén téi vu mirc-o. dé roi rac héa gia tri clia cac bién vé phai va tinh toan xac dinh bién dau ra
g,. Thuc hién doi voi tat ca cac phuwong trinh clia hé (7), sé xac dinh dwoc day du cac thanh
phan chuyén vi md cla két cdu. Sau khi cé chuyén vi m& cla cac nat, vé nguyén tac ta xac
dinh dwoc cac thanh phan noi lwc md va (rng suat mé cho két ciu. Noi dung chi tiét nay lién
quan dén phwong phap danh gia an toan vé bén cla két cu, do khudn khd bai bao, khéng
trinh bay & day.
3.3 So’ dé thuéat todn

Tham s vat liéu,kich thudc hinh hoc dang s6 mo

A

SO LIEU BAU VAO <

| £ U
| Tham s0 tai trong dang s6 mo |

¢ | Tham sé nat & phin tir két ciu |

Lap cac ma trdn d6 cimg md phan tir ., va tai
trong mo tai nit cia phan tu f; trong hé toa do
dia phuong va chuyén vé hé toa do tong the.

v
PHUONG TRINH TiNH KET CAU THEO

PPPTHH MO: [k 1{g} = {/}

A

S

l . Ghép cdc ma tran do cing mo va véc to tai
trong mo tai nut trong hé toa do tong thé.

CHUYEN PT VE DANG: {7} =[k | {f}

1 <—| Gan céc didu kién bién cho hé két ciu.

GIAI PT BANG THUAT TOAN TOI
UU MUC-a

v

KET QUA CAC THANH PHAN NOI LUC VA NG SUAT DANH GIA AN TOAN
CHUYEN VI MO CUA NUT. MO ~ TRONG VE DO BEN KET CAU
KET CAU

DANH GIA AN TOAN VE DO CUNG
K.C

v

Hinh 4. So dé thuét toan phén tich, dénh gié két cdu mo
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Trén Hinh 4 trinh bay so' d6 thuat toan chung gébm hai ndi dung: phan tich va danh gia két
cAu c6 tham sbé mo.
4. 'ng dung tinh chuyén vi m& két cau khung phang

Trong phan ng dung, bai bao gi&¢i han néi dung trinh bay mét thuat giai phwong trinh co
ban ctia PTHH c6 tham s6 me, nén chi dirng lai & bwéc xac dinh chuyén vi ctia két cAu, véi cac
tham sé dau vao me cho trude.

a. Sé liéu dau vao

Mot két chu khung phéng chiu tai trong nhw trén Hinh 5. C4c thanh c6 cuing kich thuwéc
tiét dién bxh, md dun dan hdi E. Yéu cau xac dinh cac thanh phan chuyén vi ctia nat khung khi
cac dai lwong b, h, E va tai trong P, q la cac s6 md tam giac véi cac gia tri can dwéi, trung tam
va can trén dwoc cho nhuw sau:

I =(1° 1) = (27, 30, 33). cm; E = (E, EC, EV) =(2.34, 2.6, 2.86)10° kN/cm?:
b =@",b°, b= (18,20, 22) cm;

h=2b cm; §=(a:" 9. q:¥) = (0.135, 0.15, 0.165)kN/cm;
P=(G.1)/2 kN;
b. Tinh toan

+ Panh sb phan tt, s nut va hé toa d6 nhw trén Hinh 6.

+ P& don gian, khéng danh sé thanh phan vecto chuyén vi ma ghi két qua xtr ly diéu kién
bién tai hai ngam.

~

q - -
1 q4 ~ q. N
P 99 @ 912
7, G
1 @ ®
q
P @ 6
7, q,
! @ ©
0 0 0 0
TNNNN - AR VARNAY
1.51 Té 0 vé 0
Hinh 5. So dd tinh két cau Hinh 6. So' dé phén tir két cau khung

Thuc hién tinh toan theo so dd thuat toan gidi phwong trinh PTHHM, két qua cho trén
Bang 2 nhv sau:
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Béng 2. Két qua tinh toan chuyén vi nut hé két cau khung

Chuyén vi mo q" (Can dudi) o ¢ ,(T,rung tam) q” (Can trén)
va két qua tinh theo PTHH(.)
(71 0.1237 0.3361 (0.3460) 0.9145
7, -0.0109 -0.0060 (-0.0060) -0.0033
QN3 0.0005 0.0012 (0.0015) 0.0030
q~4 0.1233 0.3354 (0.3450) 0.9132
675 -0.0246 -0.0135 (-0.0135) -0.0074
aé 0.0003 0.0008 (0.0008) 0.0020
57 0.2478 0.6709 (0.6890) 1.8208
(78 -0.0174 -0.0095 (-0.0096) -0.0052
q~9 0.0004 0.0010 (0.00106) 0.0025
6710 0.2451 0.6659 (0.6840) 1.8118
611 -0.0359 -0.0197 (-0.0197) -0.0108
q~12 0.00006 0.00014 (0.00014) 0.00034

Dé kiém tra tinh dung dan cua thuat toan, ta s& dung bd sb liéu dau vao twong trng voi
gia tri trung tam cla cac s6 md va tinh lai badng phan mém SAP-2000. Trén Bang 2, cac sé liéu
ghi trong ngodc (.) tai cot thi ba la két qua tinh bang phan mém SAP-2000 twong (rng v&i cac
tham s6 td 1a gia tri trung tam cla tat ca cac tham sb diu vao md da cho. Hai két qua tinh nay
xap xi nhau, sai s6 khong dang ké.

5. Két luan

Thuat toan PTHH trong trwéng hop cac tham sé bén trong két cAu va tai trong la cac dai
lwong mé dan dén viéc gidi phwong trinh hodc ham sb chiva cac hé s me va bién mo. Pay 1a
van dé phirc tap can cong cu toan hé tre, lién quan dén ky thuat tinh toan me. Thuat toan dé
xuét trén co s& van dung phwong phap tdi wu mirc anpha véi sy tro gidp cta phan mém Maple
13 dé giai phwong trinh co ban cla phuwong phap phan t& hitu han véi mét sb tham sé me
thudc vé két ciu ciing nhw tai trong ngoai 1a mét cach lam hiéu qua.

Thuat toan dwoc ap dung tinh chuyén vi mé cia két cAu khung phang véi cac tham sb
mo 1a cac tai trong P, q, chidu dai L, cac dac trung hinh hoc mat cat ngang A, | dwoc tinh tiv b,
h va md dun dan hoi vat lieu E. Tuy nhién, cling c6 thé mé rong, thém sb lwong tham sbé mo
clia hé két cAu néu can. Vi du trwong hop hé co lién két mo, tai trong mé phu thudc thoi gian,
ma trong pham vi bai nay khéng xem xét.

Céch kiém tra thuat toan dé xuét bang thuat toan PTHH véi dau vao la tap gia tri trung
tam cla cac s mo, so sanh véi két qua tinh theo phwong phap PTHHM, twong (rng véi cac
gia tri trung tdm cla chuyén vi m& tim dwoc. Trudng hop sd mé hinh thang, phép kiém tra phai
thwe hién trén hai gia tri: bién trai va bién phai cta tap cét rng v&i mirc anpha bang don vi.
Céch lam nay dwa trén quan niém xem gia tri trung tdm nhw sb té va sb t6 la mét trwong hop
riéng clia s mo twong (ng.
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Két qua tinh bang PTHHM theo thuat toan dé xuét cho gia tri dau ra chuyén vi nat clia két
clu 1a nhitng s6 me® c6 bién do rong hon khong dang ké so vé&i bién do ctia tham s mé dau
vao. Uu diém nay cé duoc la do st dung thuat toan ti wu mirc anpha. Khi cho truéc chuyén vi
cho phép, dé danh gia do tin cay m& vé do cirng cla két clu, ta cé thé sir dung phwong phap
ty sb dién tich néu trong [5,6]. D&c diém cua thuat toan la nghiém bai toan, phai st dung phan
mém Simbolic, dwa vé& dang biéu thirc nhw cac ham cé hé sé va bién sb 1a cac dai lwong mo.
Diéu nay khong dé dbi véi bai toan co6 sb bac tw do cao va khi xét dén can. D6 ciing & han ché
clia cach giai nay di véi bai toan dong lwc hoc két cau.
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