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Tém tit: Bai bao trinh bay viéc siv dung phwong phdp PTHH khodng dé mé ta cdc yeu 6 khong chac
chin cua két cdu la nhitng dai lwong khoang bi chdn trén va chan dudi nhung khong gan voi mét cau tric
xdc sudt nao. Tir do, tdc gia da trng dung vao viéc phan tich két cdu thanh voi cdc tham sé vdt liéu, hinh
hoc va tdi trong 1a cac tham sé khodng. Cdc két qua nhdn dwoc xdp xi tét véi nghiém chinh xdc va cé thé
ing dung vao thuc ié

1. M& dau

Khi mé hinh hda va phan tich két ciu, ta thudng gip trudng hop cac sé lidu vé vt liéu,
hinh hoc, lién két, tai trong cling nhu chinh viéc m6 hinh héa va phan tich két cdu c6 chira nhiéu
yéu t& khong chic chin, din dén cac phan mg cia hé ciing 12 nhitng yéu t6 khdng chic chan.
Mac dii mé hinh xdc sudt va thong ké di dugc xay dung kha ddy da va r6 rang, nhung trong cac
truong hop sb lidu khong da, khong rd rang, khong dugce phan loai,... thi ngudi ta phai chuyén
sang st dung cac mo hinh phi xdc sudt nhu ly thuyét tap mo [1,2,13], phuong phap khoang
[3,5,6,7,8,10,11,12], m& hinh 1 [4,11,12], ly thuyét nhan chimng [2,4],... 1a phii hop hon dé& md
hinh héa cac yéu té khdng chic chin.

Néu chi biét viing cia tham s bit dinh ma khéng cé théng tin nao thém, thi ngudi ta
thuong sir dung ham phan bé déu trong ly thuyét xac-sudt, nhu vay, su thiéu hut théng tin da
duoc ba dap boi y kién cha quan cua ngudi phan tich. Ferson va Ginzburg [6] da ching minh
rang phirong phdp xdc sudt c6 thé mang lai nhiing két qua khéng chinh xdc. Trong nhiing
truong hop nay, yéu t& khéng chic chian duoc biéu dién tét nhat bang nhiing théng tin vé
khoang gia tri cia né.

Theo phuong phap khoang, dai luong khéng chic chan x dugc gia thiét 1a dai lugng
khoang x = k, J?], bi chan dudi va chén trén boi can dudi x va cdn trén X ma khong gan mét
cAu tric xac suit nao ca. Muc dich ctia phuong phap khoang Ia danh gia chinh xac khoang gia
tri ctia phan (g hé thdng khi biét khoang gié tri ctia céc tham s6 dau vao. Phuong phap khoang
duoc Moore dua ra dau tién nam 1966, dén nhiing nam 1990, phuong phap nay da dugc sir
dung dé biéu dién cac tham sb khong chic chin trong cac hé k§ thuat. Phuong phap khoang
mang lai mot cach biéu dién don gian, _gon nhe va c6 hi€u qua tinh toan cao d01 v6i cac yéu td
khéng chéc chan khi chi c6 thong tin vé viing gié tri cia dai luong nay.

Khi ¢6 thém théng tin vé x4c suit cia céc yéu td khong chic chan thi phuong phap xac suét
s& dugc sur dung. Tuy vay, do khéi luong tinh toan cua phuong phap khoang la it hon so véi
pluro‘ng phap xac suat nén phuong phap nay van duoc st dung dé danh gia nhanh chéng ving
gia tri dau ra cua hé. Phuong phéap khoang c6 lién quan chat ché voi cac phuong phép danh gia
cac yeu td khéng chic chin khac nhu ly thuyet tap mo, ly thuyet tdp ngau nhién, md hinh 13i,
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mo hinh Dempster-Shafer, phuong phéap bién xac suét,... Vi du, mot s6 md co thé duoc tao nén
tor mot tap ctia nhitng khodng tuong (g véi mic d thuge o, khi dé phan tich tdp mo co thé
duoc bidu dign nhu 12 phan tich khoang véi nhimg mirc dd thude a khac nhau [1,2,4.9, 13].

Trong linh vuc phan tich két cau nhitng nadm gén day da co nhiéu nghién clru quan tam toi
viéc m6 hinh hod va phén tich két cAu c6 xét dén cac yéu té khong chic chin bao gdm viéc phat
trién phuong phap phan tir hitu han (PTHH) khoang va phwong phap PTHH mo [6,11,12]. Viéc
phan tich PTHH mo ¢é thé chia ra thanh mot loat cac phéan tich PTHH khoang voi cac miac mo
khac nhau. Vi vdy, phuong phap PTHH mo ciing 1a su mo réng cua phuong phap PTHH
khoang.

Gitra nhimg nam 1990 |2 thoi ki bat ddu nghién ctu phuong phap PTHH khoang trong co
hoc va dé c6 mot s6 két qua nhat dinh trong linh vuc phan tich két cdu tinh va dong, dia ki thudt,
truyén nhiét,...[6,11,12]. Phuong phap PTHH khoang c6 thé xem nhu & phin mé réng cua
phuong phap PTHH thong thuong. Su khac nhau co ban la, trong phuon phap PTHH khoang
mot sb tham sé nhu médun dan hdi, dién tich tiét dién, tai trong,... 1a cac dai luong khodng, dan
dén ma tran do cling K va véc to tai trong p ciing la nhiing dai lugng klhoang, do d6, phan tng
ctia hé bao gom (ng suat, bién dang, chuyén vi, ... cling 1a ham cta cac dai lugng khoang. Bai
toan dat ra can phai danh gia chinh xac khoang ctia phan (rng ctta hé.

Néu chi c6 tai trong la tham Sé khoang, ta c6 thé tim duoc chinh x4c viing phan Gmg cua hé
vi ma tran dé cimg K khono bao gdm céc s6 khoang. Mullen va Muhanna [1 l ,12] da phat trién
mdt thudt toan dua trén sb hoc khoang dé tinh phan tmg cna két cAu khi chiu nhiing dang tai
trong bat loi nhit. Tir nghién clu cla Mullen va Muhanna, Saxena [6,11] dd nghién ctru tat ca
nhitng dang tai trong cho nhiing két cdu Ién va phtic tap. Pantelides va Ganzerli [6,11] da su
dung phuon phap chdng chét nghiém dé giai nhiing bai toan dan héi tuyen tinh voi tai trong
khoang va nghiém thu dugc trung v6i nghiém ciia Mullen va Muhanna. D6i vai cac bai todn voi
llthU tai trong khoang, phuong phép chdng chét nghiém lai tré nén kém hiéu qua. DA4i véi cac
két cAu dan, dam tinh dinh c6 do cimg khoang, khi d6, néi luc la khong phu thuée vao ma trin
dd clng, ddng thoi co thé nhan duoc danh gia chinh xac cia chuyén vi khoang bing phuong
phap ham phat hay phuong phap nhéan tir Lagrange. Déi véi truong hop tono quat, khi ca ma
trdn do cling K va véc to tai trong p 1a cac dai lugng khoang, thi d6 chinh x4c cua khoang phan
tng cua hé la khé dat duoc hon. Do dé. ta cin quan tam dén viéc 1a lam sao danh gia duoc
khoang chinh x4c cho phan img thue ciia hé.

Bai béo nay trinh bay viéc str dung phuong phap PTHH khoang dé mé ta cac yéu to khong
chic chin la nhiing dai luong khodng bi chan trén va chan dudi nhung khéng gan véi mot cau
tric xac suat ndo. Tir do, tac gia da img dung Vao viéc phan tich két cau thanh vai ‘cac tham s6

vat ligu, hinh hoc va tai trong la céc tham s6 khoang. Cac két qua nhan dugc xdp xi tét voi
nghiém chinh xac va c6 thé ing dung vao thuc té.

2. Pic diém dai sb khodng va sw mé rong “tu nhién” phuong phap PTHH khoang
a) D&i véi biéu thirc dai sb f(x) =x’—x véi x € [— 1, l], bang cach danh gia théng thuong,
ta nhan dugc viing gid tri ctia ham s6 f trén khoang [— 1, 1] la
fx)=x?—x=[-11] -[-1L1]=[0.1]-[-1,1]=[-1,2]
Mat khéc, ta ¢6 thé biéu dién

) =x>-x=(x-052-025xe[-1,1]}=[-025,2]
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Nhu vdy, ving gia tri ham s6 khoang f'¢6 bao ham ving gi4 tri chinh xdc, nhung n6 dua ra
gia trj can dudi 1a qua réng tir-0.25 t6i -1. D6 la do trong tinh toan s6 hoc khodng, moi lan xuat
hién ciia mot bién khoang nao dé thi né lai dugc xem nhu 1a mét bién khoang khac, doc lap voi

bién khoang ban dau, nghta 13, sé hoc khoang tinh biéu thic x*-x nhu la xI —Xx, trong do
x, =[-1,1], x, =[-1,1].

Su mo rong khoang nhu vay duoc got 1a si wde tinh qud mic do bai todn phu thuge hay
don gian goi 13 bai todn phu thuge [5,8]. DI véi cac ham sé ma tham sé khoang xudt hién chi
mot 1an thi sé khéng xdy ra bai toan phu thude va ta nhan dugce ving gia tri chinh xac ctia ham
sb. DSi v6i cac ham s& ma tham sb khoang xuit hign nhiéu hon mét lan thi s& xay ra bai toan
phu thude. Néu bing cach nao dé ta giam duoc sé lan xuvét hién cia tham s6 khoang, thi ta c6
the tranh dugc bai toan phu thude. Do bai toan phu thude, chi con mot s Tuat dai s6 cuia sb thuc
van con ding cho dai sb khoang, cac luat khac chi gitt & mot dang yéu hon [S]. Thanh cong cuia
phép phan tich khoang phu thugc vao viéc sie giam bot sur phu thudc.

b) Khi thay thé cac tham sb va phép toan trong phwong phap PTHH théng thuong bang céac
tham s6 khoang va phép toan khoang tuong Gmg s& mang la: két qua la khodng nghiém qud
réng, khong con y nghia thic té. Chang han, xét hé goém hai thanh chiu tai trong doc truc tai
nit 2 va 3 nhu hinh 1, cdc thanh chi ¢4 chuyén vi doc truc. Ky hiéu 4 1a dién tich tiét dién,
E 12 médun dan hoi, L 1a chiéu dai cua ting thanh, d6 clng tuong ting cua céc thanh 13 &) va
ky voi ki=EA/L;, =12

L@ 2 @ 3

Pi D2
Ez, A 2, Lz

A

EI: AI: Ll
Hinh 1

Phuong trinh can bing két cau c6 dang

ki +ky, =k (» _ 0
—k, k, i, - P,

trong d6 uy, u; 1a chuyén vi doc truc cuia nat 2 va nat 3. Gia thiét cac do cing k. k» duoc biéu
dién bang cac sb khoang &, = [0.95, 1.05] va k, = [l 9, 2.1], céc tai trong duoc coi la tién
dinh va c6 gia tri p1=0.5, p,=1.0. Do d6

[[[22831 31.]159]] [_[if:: ) .;]Q]J (] - [Oisj

Str dung phan mém b4m dé giai hé phuong trinh khoang tuyén tinh (2), ta co
u, =[-0.0521,3.0521]; u, =[0.0983,3.9017]

Mat khég, ta tim dugc khoang chinh x4c cta uy, bﬁng cach nghich dao ma tran
I

kl

_.|_
k= k, +k,

lk-

|| =
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Do vay chuyén vi tim duoc la

D Dy _PitD, 1.5

=D Py =2 _[1.4286,1.5789]
SR Tk Tk [0.95,1.05] [ ]
uzz_p_l+(kl+kz)}72=p|+pz+&: 1.5 N 1 :[1.9048,2.]053]
k, k .k, k, k, [0.951.05] [1.9,2.1]

Tét nhién 1a céc biéu thirc khoang & trén da dugc 1ap theo cach 1a cac tham sO khoang ch?
xuit hién mot 1an dé tranh bai toan phu thudc, tir d6 ta thu duoc khoang chinh xac cta chuyén vi
niit. Mac di cac bién tim duoc bang phuong phap PTHH khoang “tu nhién” c6 chira khoang gia
tri chinh xac nhung chung qua rong, dono thox no cling khong dua ra duoc déu chinh xéc ctlia
can dudi u,. D6 1a do s6 hoc khodng xem rang, tdt ca céc hé SO khoang trong ma trdn dj cing
thay d6i déc ldp trong khodng gid tri ciia chimg. Vi du, sb hoc khoang xem hai s6 khoang

k, = [ 2.1, -1. 9] trong phwong trinh (2) nhu 13 hai sé l\hoang doc 1ap c6 cling can trén va cén

duéi. Tuy vay vé mit co hoc, hai sb khoang nay chinh la hé s -k, trong phuong trinh (1) va c6
cung mot gia tri.

bic, dlem ndy c6 anh hudng 16n den viéc xdy dung phuong phap PTHH khoang nhim xéac
dinh céo sb khoédng biéu dién cac tham sb vat ly don 1& va thu dugc khoang két qua khong mo
rong qua mire. Pé phuong phap PTHH khoang cho nghiém gin ding nhat thi ta can gzam $6 ldn
xudt hién ciia cung mot bién khoang trong tinh todn va chi sir dung s6 hoc khoang khi can thiét,
cang mun cang [ot.

3. Phumig phap PTHH khoang

3.1. Tach cdc tham so khodng trong ma trin dp cieng

Gia thiét modun dan hdi £ 1a khong chic chin, dugc mé ta bang tham sé khoang
E=[E,E] hay la

E=E(1+96) : | 3)

voi E 1a diém gitia cua E; §1a nhan tir khoang cia E

. E+E . E

P E-E
2

_E_l = [—rad(E)/E, raa’(E)/E]; rad(E)=T—

Ta nhén dugc ma tran d6 cing khoang k ctia PTHH gém phén xac dinh k 12 ma tran do
cling xac dinh theo gi4 tri diém gitra £ bang phuong phap PTHH théng thudng va phén khoang
kd

k=k(I+d) (4)

voi I 1a ma trin don vi; d la ma tran duong chéo khoang, goi la ma trén nhén tir khoang cua
phan tar hiru han

0
d= (5)
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Truong hop c4c tham s& khac nhu chiéu dai thanh, bé day tam, dién tich tiét dién, do cung
chéng uén,... la céc tham s6 khoang, ta ciing co thé biéu dién ma tran do cing ciia PTHH dudi
dang (4). De lam vi du, ta xét mot phan tir thanh thang chiu kéo nén ¢ chidu dai L, dién tich tiét
dién 4 khong dbi, md dun dan héi E nhu hinh 2. Ma tran d6 ciing ciia PTHH trong hé toa do dia
phuong la

B4
- L L 6
C=| bom | (6)
L L

Gia thiét md dun dan hdi £ 1a khdng chic chan va duoc md ta bang mét tham sé khoang E
cé dang (3). Thay vao (6), ta co

EA EA
. - T (1 0 6 0 - -
K= L L + =k'(I+d) (7
B B4 Lo )Mo s
L L
y’ Ly V .x,
2 125
) J5) X
Uj—> >
uy | EAL ) v,
Hinh 2. Hinh 3.

Péi voi phﬁn tir thanh c6 hudng bat ki nhu hinh 3, ma tran do cung cua PTHH trong hé toa
do tong thé 1a

ku____yfl'k'n . (8)
trong d6 T, |4 ma trin chuyén ddi

Tu:(cosﬂ sin 0 0 J

. 9)
0 0 cosf sing

Thay (3) vao (8), ta nhan duoc ma trin dd cung khoang cta PTHH c6 dang (4).

3.2. Ghép cic phin tir theo phiwrong phdip EBE. Xit Iy cic diéu ki¢n bién va rang bugc theo
plurong phdap ham phat

Trong phuong phap PTHH khoang, viéc 1ap ghép ma trdn d¢ clng cua két cau tir cdc ma
trén d6 cimg cta tirng PTHH theo phuong phap d6 cimg truc tiép s& dan dén bai toan phu thudc
vi 1ang hai hé sb K, va K, nao do cb thé xuat phat tir cing mot phan tr, do vdy, chiing phu
thude [an nhau nhung s6 hoc khoang khong thé tu dong nhan biét dugc su phu thude nay.

Pé khic phuc khé khan nay, Muhanna va Mullen da dé xugtt phuong phap tdch timg phdn
1ir (element by element — EBE) trong qué trinh tip hop cac phan t theo phuong phap PTHH
khoang. Tu tudng co ban cta phuong phap nay la tdch roi cac PTHH dé khong cé bat ki mot
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lien két ndo gilfa cac phan tir, tranh duoc su phu thuge trong qua trinh tap hop phén tu. Do do
mot nat goc lién két hai phan tar s& xudt hién trong ca hai-PTHH nhung c6 sO thir tir nit khac
nhau, mdi nit thude vé chi mét phan tir. Két cAu bj tach ra nay la mé hinh EBE ctia két cu ban
diu. Vi du, mo hinh EBE cia két cau trén hinh 1 duoc the hién trén hinh 4. Nat lién két giia
phin tir 1 va 2 dugc tach ra thanh hai nat riéng biét: nit s& 2 o) phan tir 1 va nit s& 3 & phan'tor 2.
Chuyen vi doc truc tai cac nat duoc biéu thi J4n |ll'0‘t 13 u;, i=1,...., 4. Ma trén do cling K cua két
cau trong m6 hinh EBE la

] 0 0 0
E
o LA 0
LI .
K=o o E,4,  E 4, _ (10)
L, L,
0 o E, A, E,A,
LZ LZ
gl Q) 2 3 @ 4
E, A, Ly Ez' A'_), L,

Hinh 4. Md hinh EBE
Diéu kién bién u= 0 duoc dua vao ma tran K. Theo phuong phip EBE, ma trdn nay cd
dang duong chéo khoi
ky
K = & : (rn
kl\’,.

trong d6 cac ma tran dudng chéo con la ma tran d6 clmg cia phan tir k; tuong tng véii =1
2
N.va N, 1a s phan tir trong két cau.

A ]

Vi cac PTHH khéng dugc két ndi nén ma tran do cing Ktrono (11) 12 ma tran suy bién ké
c& sau khi ta da ap dat cac diéu kién bién. D& két ndi cac phén tir va khir tinh suy bién cta ma
tran K, ta can dua vao thém cac rang budc theo phuwong phdp hém phat. S phat phai du lon dé
thda mén cac diéu kién rang bude nhung khéng qua Ion lam cho phuong trinh can bano tro' nén
khéng 6 dn dinh, nghiém thu dugc rit nhay cam véi sai sb. Phuong phdp ham phat ¢ wu diém la

d& str dung, viéc bd sung s phat vao ma tran d6 cimg cia két cAu la don gian va khong doi hoi
céc phuong trinh bd sung.

Iﬂn chuyen ddi m6 hinh PTHH thong thuong sang mo hinh EBE tuong ung, mot nut chung
s& XUt hién & cac phan tur khac nhau nhung voi sb thir tu nat khac nhau. Do su XUat hién nhiéu
lan cua nhung nat chung tono sb nut tlon0 md hinh EBE sg& tang én téi N, voi N, =(sb luong
nat cua phan tr) x (s phan tir NV,), do dé, sb bac tu do trong hé ting Ién toi N, x(sd bac tur do cla
mot phan tr). Tuy kich thudc cia hé tang nhung viéc sir dung phuong phap EBE ¢6 thuén loi 1a
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tranh duoc bai toan phu thude trong qua trinh tap hop phﬁp tl:l' va cho phép tach cac tham sé
khoang. Thay (4) vao (11), ma tran d6 cling khoang K ctia két cau ¢ dang
k, /E, d,
K= = I+ (12)

3 3 -

hay K = K(I + D) _ (13)

trong d6 D duoc goi 1a ma trdn nhéan tir khoang cua két cdu v&i cac ma tran con .(I la cdc ma tran
duong chéo khoang nén D ciing ¢6 dang dudng chéo. Biéu thic (13) cho thdy ring ma tran do
cling két cdu co thé phén tich thanh hai ma trdn: m6t ma tran so6 thuc va mot ma tran dudng
chéo khoang. Diéu nay rat quan trong cho viée do tim nhiing bién khoang khi giai phuong trinh
khodng cho ca két cau. Ngoai ra can luu y |an° trong ma tran D, m6i nhén tir khoang xuat hién
n, 1an, vi du, déi v6i m6 hinh EBE ciia két cdu gdm hai phan tir thanh, m&i phan tir ¢ hai béc ty
do nén

D= = (14)

Su xudt hién nhiu lan cta § 12 nguyén nhan dan dén bai toan phy thude, dudi diy, ta sé
quan tam téi viéc loai bo su phu thude nay.

3.3. Tdi trong niit khodng

Gia thiét tai nit chung i cia ¢ phan ti khac nhau trong két ciu cd dit tai trong ngoai p; . Nat
chung i nay s& xuat hién o ¢ phan to khac nhau trong mé hinh EBE v6i cdce niit twong tmg la i,
- 4 VA (i trong dit tai cac nit nay la P D, - Khi p;1a xac dinh, Dy s D, 0 thé duoc lua

chon mét cach tuy y mién la thoa man dicu kién’
! i ] .
= Z pl’ ( ID)
4=
Khi p, 1a dai luong khdng chac chan va bién thién trong khoang p,, ta c6

=>.p, (16)
J=1

bé giam s6 lugng bién khoang trong tinh toan, ta cd thé chon tai trong khoing hoan toan
dat tai mot nat, nhirg n(t con lai tai trong dat biang 0

gl (1) 2 3. @ 4 W

[0S
(98]
—_
[3°]
~—
SN

B\

DO
i~
I~
ANt
3

Hinh 5
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p,=p, p, =0Vji=2..t (17)

Déi voi két chu trén hinh 1, tai trong p; c6 thé dit tai nat 2 (hinh 5.a) hay tai nit 3 (hinh
5.b). Khi tai trong p, dat tai nlt 2 véc to tai trong c6 dang

p=0 p 0 p,) 09
4. Mot s6 vi du tinh todn

4.1. Vidu 1

Két ciu gdm hai thanh ¢c6 mé dun dan hoi E, dién tich A4,, 4,, kich thuée L,=L,=15m va
chiu tai trong Py, P, nhu hinh 1. Can xac dinh chuyén vi tai cac nat va luc doc trong céc thanh
theo phuong phap PTHH khoang va so sanh véi nghi€ém giai tich tuong tmg cho céc trudng
hop:

1) Céc sb'lidu v& vat lieu, hinh hoc 1a diém, sé liéu v& tai trong la khoang: E=2.10%(kN/ir),
A1=10.10"% 1), A,=7.10" ("), P1=[28.5, 31.5(kN) , P,=[47.5, 52.5](kN).

2) Céc sb fiéu vé vat liéu, hinh hoc, tai trong déu 1a khoang: E=[195,205].10°(kN/m"),
A1=[9.75,10.251.107(m), A,=[6.825,7.175].10" ("), P,=[28.5,31.5](kN),
P,=[47.5,52.5](kN).

Viée xdc dinh sb phat dua trén yéu cdu két qua tinh chuyén vi theo PTHH khoang phai
trimg voi két qua giai tich khi cac tham sb déu vao la diém. Trong bai toan nay ta cé thé chon sé
phat trong khoang 10"+ 10", cu thé 1a  =10%. Khi khong c6 nghiém giai tich, viéc lya chon sé
phat cin ctr vao diéu kién twong thich cia chuyén vi tai cac nut chung giiia cac phan tu trong
md hinh EBE. Ciing c6 thé 4y sb phat trong m6 hinh PTHH théng thuong l1a so6 phat cho
phuong phap PTHH khoang. '

Dé giai hé phuong trinh tuyén tinh khoang, tac gia st dung phép giai lap Krawczyk [5].
Pay [a mét phép [ap cho két qua nhanh, tin cdy so véi cac phép giai khac nhu khd khodng
Gauss hay lap khoang Gauss-Seidel.

Bang 1 va 2 1a két qua tinh chuyén vi nit va luc doc theo phuong phap giai tich va phuong
phap PTHH khoang khi E, A, A, la gia trj diém; P, P, 1A gia tri khoang (truong hop 1).

Badng 1: Két qua tinh chuyén vi nit

L Chuyén vi Nghiém giii tich (m) Nghiém theo chuong trinh (m)
E u; [ 0.00000, 0.00000] [ 0.0000, 0.0001]
L U, [ 0.00057, 0.00063} [ 0.0005, 0.0007)
L Uz [ 0.00057, 0.00063] [ 0.0005, 0.0007]
o [ 0.00107, 0.000119] [ 0.0010, 0.0012]

Bang 2: Két qua tinh hee doc

L Phén ti Nghiém gidi tich (kN) Nghiém theo chuong trinh (kN)
I [76.84] [ 75.9999, 84.0001] ]
e [47.5,52.5 ] [ 47.5000, 52.5000]

Bang 3 va 4 1a két qua tinh chuyén vi nut va lye doc theo phuong phap giai tich va phuong
phap PTHH khoang khi E, A;, A, , Py, P, 1a gia tri khoang (trudong hop 2).
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Bang 3: Két qua tinh chuyén vi niit

Chuyén vi Nghiém gidi tich (m) Nghiém theo chuong trinh (m)

Uy [ 0.0000, 0.0000] [ 0.0000, 0.0001]

U, [ 0.0005425, 0.0006628] [ 0.0004, 0.0008]

Us [ 0.0005425, 0.0006628] [ 0.0004, 0.0008]

Uy [ 0.0010, 0.0013] [ 0.0009, 0.0014]

Beng 4: Kér qua tinh lic doc

Phin tir Nghiém gidi tich (kN) Nghiém theo chuong trinh (kN)

1 [76.0,84.0] [ 75.6801, 84.3199]

2 [47.5,52.5] ( 47.5000, 52.5000]

Tir cac két qua trén, ta rit ra cdc nhén xét:

- Trong cac trudng hop tinh todn, nghiém giai tich luon dua ra két qua la mot khoang hep
nhét so véi cac két qua tinh theo chuong trinh. Khodng nghiém tim dugc theo phuong phap
PTHH khoang kha gan v&i nghiém giai tich, da cai thién dang ké so v6i khoang nghiém tim
duoc theo sy mo rong “tw nhién” cua phuong phap PTHH théng thuong.

- Két qua tinh chuyén vi nit theo chuong trinh c6 sai s& v&i nghiém giai tich nhung két qua
tinh luc doc theo chuong trinh 1 xap xi tot vi nghiém giai tich. B6 1a do trong bai toan tinh
dinh thi tuc doc khéng phu thude vao mdédun dan hoi va dién tich tiét dién.

- hi cac tham s6 mddun dan hoi, dién tich tiét dién, tai trong déu la cac gié tri khoang thi ké
Kl tl dun dan hoi, dién tich tiét dién, tai trong déu | gia tri kl g thi ket
qua tinh todn la khodng rong hon so vdi truong hop chi co tai trong la dai lugng khoang.

4.2.Vidu2

Xac dinh cac chuyén vi nat theo phuong phap PTHH khoang va so sanh véi nghiém giai
‘tich d&i vé6i dan phfmn siéu tinh (hinh'6) gdm 10 thanh ¢é dién tich 4, md dun dan hdi E va chiu
tai trong P. Cac s liéu vé vat liéu, hinh hoc, tai trong déu la cac dai luong khoang: E=[195,
205].10%GkN/m?), A=[9.75, 10.25].10 1(m) P=[133, 147](kN), L=4. S(m) i

Hinh 6.

So dd roi rac héa dan phing theo phuong phap PTHH khoang duge thé hién trén hinh 7
gé)m 10 thanh véi 40 chuyén vinut 4 = (ul,uz,---,um). Bang 5 thé hién viéc so sanh két (ua
tinh chuyén vi theo phuong phap PTHH khoang véi chuyén vi theo nghiém giai tich.

Ta nhén théy, nghiém giai tich luén dua ra két qua la mét khoang hep nhat so véi cac két
qua tinh theo chuong trinh. K&t qua nhan duoc xap xi tét véi nghiém chinh xac cho thdy cach
giai da khic phuc dugc dac diém bai toan phu thudc cua dai sb khoang, do do, ¢o thé ing dung
vao phén tich cac két cdu phurc tap hon véi céc sb liéu vé vat liéu, hinh hoc va tai trong la cac
dai luong khodng.
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Hinh 7: So db roi rac héa theo phuong phap PTHH khoang

Bang 5: Két qua tinh chuyén vi niit.

Chuyén | Nghiém giai tich Nghig¢m theo Chuyén | Nghigm giai tich Nghiém theo
vi nat (m) chwong trinh (m) | vinat (m) chwong trinh (m)
1 [0, 0] [0.0000, 0.0001] 21 [0.0055, 0.0058] | [0.0050, 0.0063]
2 [0, 0] [-0.0001, 0.0001]| 22 |[[-0.0181, -0.0173]|[-0.0191, -0.0163]
3 [0.0031, 0.0032] | [0.0028, 0.0035] 23 [0.0061. 0.0065] | [0.0056, 0.0070]
4 [-0.0181,-0.0173]| [-0.0191, -0.0163]| 24 |[-0.0156, -0.0148]|[-0.0165, -0.0140]
5 ] [0.0031, 0.0032] | [0.0028, 0.0035] 25 [0.0061, 0.0065] | [ 0.0056, 0.0070]
6 ' |[-0.0181,-0.0173]|[-0.0191, -0.0163]| 26 |[-0.0156, -0.0148]| [-0.0165, -0.0140]
7 [0.0055,0.0058] | [0.0050, 0.0063] 27 [0.0031, 0.0032] | [ 0.0028, 0.0035]
8 [-0.0181,-0.0173] | [-0.0191, -0.0163]| 28 [[-0.0181, -0.0173]|[-0.0191. -0.0163]
9 [0.0055,0.0058] | [0.0050, 0.0063] 29 [0.0031, 0.0032] | [0.0028, 0.0035]
10 |[-0.0181,-0.0173] | [-0.0191, -0.0163]| 30 |[-0.0181, -0.0173}|[-0.0191, -0.0163]
1 [0.0086,0.009] | [0.0079, 0.0097] 31 [0.0024, 0.0026] | [0.0021, 0.0029]
12 [0, 0] [-0.0001, 0.0001]| 32 [-0.016, -0:0144] | [-0.0165, -0.0140]
13 [0.0086,0.009] | [0.0079, 0.0097] 33 [0.0024, 0.0026] | [0.0021, 0.0029]
14 [0, 0] [-0.0001, -0.0000]| 34 [-0.016, -0.0144] | [-0.0165, -0.0140]
15 [0.0024, 0.0026] | [0.0021, 0.0029] 35 [0.006, 0.0066] | [0.0056, 0.0070)
16 |[-0.0156,-0.0148] | [-0.0165, -0.0140] | 36 |[-0.015G, -0.0148]| [-0.0165, -0.0140]
17 [0.0024, 0.0026] |[ 0.0021, 0.0029]| 37 [0.0061, 0.0065] | [0.0056, 0.0070]
18  |[-0.0156,-0.0148] | [-0.0165, -0.0140] | 38 |[[-0.0156, -0.0148]| [-0.0165, -0.0140]
19 [0.0055, 0.0058] | [0.0050, 0.0063] 39 [0, 0] [-0.0001, -0.0000]
20 |{-0.0181,-0.0173]| [-0.0191, -0.0163]| 40 [0. 0] [-0.0001, -0.0000]

5. Két luan
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Néu cac sb ligu vé vit lidu, hinh hoc, lién két, tai trong ciing nhu chinh viéc md hinh héa va
phan tich két cdu c6 chira nhiéu yeu td khong chic chén thi ta phai st dung md hinh cac yéu
t6 khong chic chan phi xac sut nhu ly thuyét tap md, phuong phap khoang, ly thuyét tap
ngau nhién, md hinh 131,... . Phuong phap khoang mang lai mdt cach biéu dién don gidn, gon
nhe va c6 hiéu qua tinh toan cao ddi véi cac yeu to khéng chic ch'm khi chi c6 théng tin vé
viing gia tri cia dai luong nay ma khong gdn mét cau tric xac sudt nao ca.

Khi tinh todn khoang, cin phai chu y dén dac diém bai toan phu thudc la nguyén nhan co
ban dé dan t6i két qua khéng chinh xac, tr do, phai c6 cach xur ly thich hop. Déng thoi chi
thuc hién phép tinh s hoc khoang khi that can thiét, cang mudn cang tét.

b tmg dung phuong phap PTHH khodang dang phat trién hién nay trén thé gidi dé tinh toan
céc két cdu thanh chiu tai trong tinh véi cac yéu t6 khong chac chan la nhirng dai luong
khoang bi chan trén va chdn du6i nhung khéng gan voi mét ciu triic xac suat nao. Khi ing
dung phuong phap PTHH khoang can:
Tach tham s6 khoang trong ma tran do cing.
- Dung mé hinh EBE két hop phuong phap ham phat dé xur ly cac dleu kién bién va cac
rang budc.
- Chi thuc hién phép tinh sd hoc khoang khi thét can thiét, cang mudn cang tot.
b xay dung chuong trinh tinh toan két cdu hé thanh theo phuong phap PTHH khoang trong
MatLab véi cac tham sb vat liéu, hinh hoc, tii trong la tham s6 khoang. Chuong trinh st
dung phép giai lap Krawczyk dé giai hé phuong trinh tuyén tinh khoang. Cac két qua nhan
duogc xap xi tdt véi nghiém chinh xéac va c6 thé ung dung véo thuc té.
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