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Tdm tdt: Bdi bdo trinh bdy viec sie dung phieang phdp PTHH khodng de md td cdc yiu td khdng chae 
chdn ciia kit cdu la nhicng dgi luang khodng bi chdn tren vd chgn dudi nhicng khdng gdn vdi mot cdu true 
xdc sudt ndo. Tic dd, tdc gid da icng dung vdo viec phdn tich kit cdu thanh vdi cdc tham sd vgt lieu, hinh 
hoc vd tdi trong la cdc tham sd khodng. Cdc kit qua nhgn duac xdp xi tdt vdi nghiem chinh xdc vd cd the 
icng dung vdo thuc ti. 

l .Mddau 

Khi md hinh hda va phan tich ket cau, ta thudng gap trudng hgp cac sd lieu ve vat lieu, 
hinh hge, lien ket, tai trgng cung nhu chinh viec md hinh hda va phan tich ket cau co chua nhieu 
yeu to khdng chae chan, dan den cac phan ung ciia he cung la nhung yeu td khdng chae chan. 
Mac dii md hinh xdc sudt vd thdng ke da dugc xay dung kha day du va ro rang, nhung trong cac 
trudng hgp sd lieu khdng du, khdng rd rang, khong dugc phan loai,... thi ngudi ta phai chuyen 
sang sir dung cac md hinh phi xdc sudt nhu ly thuyet tap md [1,2,13], phuong phap khoang 
[3,5,6,7,8,10,11,12], md hinh loi [4,11,12], ly thuySgihan chii'ng [2,4],... la phii hgp hon d6 md 
hinh hda cac yeu td khdng chae chan. 

Neu chi biet vimg ciia tham sd bat dinh ma khong cd thong tin nao them, thi ngudi ta 
thudng su dung ham phan bd deu trong ly thuyet xacsuat, nhu vay, sir thieu hut thdng tin da 
dugc bii dap bdi y kien chii quan cua ngudi phan tich. Person va Ginzburg [6] da chung minh 
rang phieong phdp xdc sudt cd the mang lai nhieng ket qud khdng chinh xdc. Trong nhung 
trudng hgp nay, yeu td khdng chae chan dugc bieu dien tot nhat bang nhung thdng tin ve 
khoang gia trj ciia nd. 

Theo phuang phap khoang, dai lugng khdng chae chan x dugc gia thiet la dai lugng 
khoang x = [x, xJ, bj chan dudi va chan tren bdi can dudi x va can tren x ma khdng gan mdt 
cau triic xac suat nao ca. Muc dich cua phuong phap khoang la danh gia chinh xac khoang gia 
trj cua phan iing he thdng khi biet khoang gia trj ciia cac tham sd dau vao. Phuong phap khoang 
dugc Moore dua ra dau tien nam 1966, den nhung nam 1990, phuong phap nay da dugc sir 
dung de bieu dien cac tham sd khdng chae chan trong cac he ky thuat. Phuong phap khoang 
mang lai mdt each bieu dien don gian, ggn nhe va cd hieu qua tinh toan cao ddi vdi cac yeu td 
khdng chae chan khi chi cd thdng tin ve viing gia trj ciia dai lugng nay. 

Khi cd them thdng tin ve xac suat ciia cac yeu td khdng chae chan thi phuong phap xac suat 
se dugc su' dung. Tuy vay, do khoi lugng tinh toan ciia phuong phap khoang la it ban so vdi 
phuong phap xac su4t nen phuong phap nay van dugc su' dung de danh gia nhanh chdng viing 
gia tri dau ra cua he. Phuong phap khoang cd lien quan chat che vdi cac phuong phap danh gia 
cac yeu td khdng chSc chin khac nhu ly thuyet tap md, ly thuyet tap ngau nhien, md hinh loi. 
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md hinh Dempster-Shafer, phuong phap bien xac suat,... Vf du, mdt so md cd the dugc tao nen 
til' mgt tap ciia nhung khoang tuong irng vdi muc do thude a, khi dd phan tich tap md cd the 
dugc bieu dien nhu la phan tich khoang vdi nhung mirc do thuoc a; khac nhau [1,2,4,9,13]. 

Trong ITnh vuc phan tich ket cau, nhung nam gan day da cd nhieu nghien cuu quan tam tdi 
viec mo hinh hoa va phan tich ket cau cd xet den cac yeu td khdng chae chan bao gdm viec phat 
trien phuong phap phan tir huu ban (PTHH) khoang va phuong phap PTHH md [6,11,12]. Viec 
phan tich PTHH md cd thi chia ra thanh mgt loat cac phan tich PTHH khoang vdi cac mirc md 
khac nhau. Vi vay, phuong phap PTHH md cung la sir md rdng ciia phuong phap PTHH 
khoang. 

Giua nhirng nam 1990 la thdi ki bat dau nghien ciru phuong phap PTHH khoang trong co 
hge va da cd mdt so ket qua nhat dinh trong ITnh vuc phan tich ket cau tTnh va ddng, dia kT thuat, 
truyen nhiet,...[6,11,12]. Phuong phap PTHH khoang cd the xem nhu la phan md rdng ciia 
phuong phap PTHH thdng thudng. Su khac nhau co ban la, trong phuong phap PTHH khoang 
mgt so tham sd nhu inodun dan hoi, dien tich tiet dien, tai trgng,... la cac dai lugng khoang, dan 
den ma tran do cirng K va vec to tai trgng/) cung la nhu'ng dai lugng khoang, do do, phan irng 
eiia he bao gom irng suat, bien dang, chuyen vj, ... cung la ham ciia cac dai lugng khoang. Bai 
toan dat ra can phai danh gia chinh xac khoang ciia phan irng ciia he. 

Neu chi cd tai trgng la tham sd khoang, ta cd the tim dugc chinh xac vimg phan irng cua he 
vi ma tran do cirng K khdng bao gdm cac sd khoang. Mullen va Muhanna [11,12] da phat trien 
mgt thuat toan dua tren so hge khoang de tinh phan irng ciia ket cau khi chiu nhirng dang tai 
trgng bat Igi nhat. Tir nghien cu'u ciia Mullen va Muhanna, Saxena [6,11] da nghien ciru tSt ca 
nhirng dang tai trgng cho nhirng ket cau Idn va phii'c tap. Pantelides va Ganzerii [6,11] da sir 
dung phuong phap chdng chat nghiem de giai nhung bai toan dan hoi tuyen tinh vdi tai trgng 
khoang va nghiem thu dugc trung vdi nghiem ciia Mullen va Muhanna. Ddi vdi cac bai toan vdi 
nhieu tai trgng khoang, phuong phap chong chat nghiem lai trd nen kem hieu qua. Ddi vdi cac 
ket cau dan, dam tTnh dinh co do cirng khoang, khi do, ndi luc la khdng phu thude vao ma tran 
do cung, dong thdi co the nhan dugc danh gia chinh xac ciia chuyin vj khoang bSng phuong 
phap ham phat hay phuong phap nhan tir Lagrange. Doi vdi trudng hgp t6ng quat, khi ca ma 
tran do cung/iT va vec to tai trgng/7 la cac dai lugng khoang, thi do chinh xac ciia khoang phan 
img ciia he la kho dat dugc hon. Do do, ta can quan tam dSn viec la lam sao danh gia dirge 
khoang chinh xac cho phan ung thuc ciia he. 

Bai bao nay trinh bay viec sir dung phuong phap PTHH khoang dl md ta cac ylu to khdng 
ch4c chin la nhung dai lugng khoang bj chan tren va chan dudi nhung khdng gSn vdi mgt cau 
triic xac suat nao. Tir do, tac gia da iing dung vao viec phan tich ket cSu thanh vdi cac tham s6 
vat lieu, hinh bgc va tai trgng la cac tham sd khoang. Cac ket qua nhan dugc xSp xi t6t vdi 
nghiem chinh xac va cd the ung dung vao thuc te. 

2. Dac diim dai s6 khoang va su- md rong "tu nhien" phuong phap PTHH khoang 

a) Doi vdi bieu thirc dai so f(x) = x' -x vdi x e [-1, l ] , bSng each danh gia thdng thudng, 

ta nhan dugc vimg gia tri ciia ham s6/tren khoang [-1 , l] la 

/(A')=^^-x=[-i,ir-[-u]=[o,i]-[-i,i]=[-i,2] 
Mat khac, ta co thi bilu diin 

{/(x) = x ' - X = ( x - 0 . 5 ) ' -0 .25 |x e [ -1, l ]}= [-0.25, 2] 
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Nhu vay, viing gia trj ham sd khoang/cd bao ham vung gia trj chinh xac, nhung nd dua ra 
gia tri can dudi la qua rdng tir -0.25 tdi -1 . Dd la do trong tinh toan sd bgc khoang, mdi lan xuat 
hien ciia mgt bien khoang nao do thi nd lai dugc xem nhu la mgt bien khoang khac, dgc lap vdi 

bien khoang ban dau, nghTa la, sd hge khoang tinh bieu thuc x^-x nhu la xf - x , trong do 

x,=[-l,l],x,=^[-l,l]. 

Su md rgng khoang nhu vay dugc ggi la sie udc tinh cpid mice do bdi todn phu thude hay 
don gian ggi la bdi todn phu thude [5,8]. Ddi vdi cac ham so ma tham sd khoang xuat hien chi 
mdt lan thi se khong xay ra bai toan phu thuoc va ta nhan dugc viing gia trj chinh xac cua ham 
so. Ddi vdi cac ham sd ma tham sd khoang xuat hien nhieu ban mdt lan thi se xay ra bai toan 
phu thuoc. Neu bang each nao dd ta giam dugc so lan xuat hien ciia tham sd khoang, thi ta co 
the tranh dugc bai toan phu thude. Do bai toan phu thuge, ehi cdn mgt sd luat dai sd ciia sd thuc 
van con dung cho dai sd khoang, cac luat khac chi giii' d mdt dang yeu ban [5]. Thdnh cdng cita 
phep phdn tich khodng pint thuoc vdo viec sie gidm bdt sic phu thude. 

b) Khi thay the cac tham sd va phep toan trong phuong phap PTHH thdng thudng bang cac 
tham sd khoang va phep toan khoang tuong irng se mang led ket qua la khodng nghiem qud 
rdng, khdng cdn y nghia thuc te. Chang ban, xet he gom hai tjianh chiu tai trgng dgc true tai 
mit 2 va 3 nhu hinh 1, cac thanh chi cd chuyen vi dgc true. Ky hieu A la dien tich tiet dien, 
E la mddun dan hdi, L la chieu dai ciia tirng thanh, do ciing tuong ung ciia cac thanh la kj va 
kj vdi ki=EA/Li, i=\,2. 

1 (1) 2 (2) 
-7̂ 1 'P2 

Et, Au Li El, Al, Ll 

Hinh 

Phuong trinh can bang ket cau cd dang 

/tj ~r K") K.-y 

K-j K-y .Pl/ K"2/ 

(1) 

(2) 

trong do Ul, Ul la chuyen vi dgc true ciia mit 2 va mit 3. Gia thiet cac do cirng kt, ki dugc bieu 

dien bang cac sd khoang k^ =[0.95,1.05] va Aj =[l .9,2.1J, cac tai trgng dugc coi la tien 

djnh va ed gia tri/)i=0.5,/)2=l-0. Do dd 

" [2.85, 3.15] [- 2.1, - 1.9]'| f u, "\ _ TO.S' 

J - 2 . 1 , - 1 . 9 ] [2.1,1.9] j [ u j [ 1 , 

Sir dung phan mem b4m de giai he phuong trinh khoang tuyen tinh (2), ta eo 

M, = [-0.0521, 3.0521]; HJ = [0.0983, 3.9017] 

Mat khac, ta tim dugc khoang chinh xac ciia HJ, ui bang each nghjch dao ma tran 

k, k, 
K-' = 

1 k^ + k^ 
k.k., ykt 
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Do vay chuyen vi tim dugc la 

; = [1.4286,1.5789] u ^P^ . P2 .^Pi+P2 _ 1-5 
' Ar, k, k, [0.95,1.05] 

__^{h,+k,)p, ^p,+p,^p^^ L5 ^ L _ = [l 9048,2.1053] 
A, k,k^ *, k^ [0.95,1.05] [1.9,2.1] 

«. = ^' 

Tat nhien la cac bieu thuc khoang d tren da dugc lap theo each la cac tham sd khoang chi 
xudt hien mgt lan dl franh bai toan phu thuge, tir dd ta thu dugc khoang chfnh xac cua chuyen vj 
mit. Mac dii cac bien tim dugc bSng phuong phap PTHH khoang "tu nhien" cd chua khoang gia 
trj chinh xac nhung chiing qua rgng, ddng thdi nd cung khdng dua ra dugc dau chinh xac cua 
can dudi «i. Dd la do sd hoc khodng xem rdng, tdt ed cdc he sd khodng trong ma trdn do cimg 
thay ddi doc lap trong khodng gid tri cua chimg. Vi du, sd hge khoang xem hai sd khoang 
^2 = [ - 2 . 1 , - 1 . 9 ] trong phuong trinh (2) nhu la hai sd khoang dgc lap cd cimg can tren va can 
dudi. Tuy v§y ve mat ca hge, hai sd khoang nay chinh la he sd -kj trong phuong trinh (1) va co 
curtg mgt gia tri. 

Dac diem nay cd anh hudng Idn din viec xay dirng phuang phap PTHH khoang nham xac 
djnh cac sd khoang bieu dien cac tham sd vat ly don le va thu dugc khoang ket qua khdng md 
rdng qua miic. De phuang phap PTHH khoang cho nghiem gan dimg nhat thi ta can gidm sd Idn 
xudt hien ciia ciing mdt bien khodng trong tinh todn vd chi sie dung sd hoc khodng khi cdn thiet, 
cdng mudn cdng tdt. 

3. Phuro-ng phap P T H H khoang 

3.1. Tdch cdc tham so khodng trong ma tran do cung 

Gia thiet mddun dan hoi E la khdng chic chSn, dugc md ta bing tham sd khoang 

£ = [ £ , £ ] hay la 

E = E{i + d) (3) 

vdi E la diem giiia ciia^; 5\a nhan tii' khoang cua E 

E = ^ ^ •,d = —-\ = [-rad{E)lE, rad{E)lE]; rad{E) = ^ ^ 

Ta nhan dugc ma tran do ciing khoang k ciia PTHH gdm ph§n xac djnh k la ma tran do 

Cling xac djnh theo gia trj diem giua E bang phuang phap PTHH thdng thudng va phin khoang 

kd 

k-k{l + d) (4) 

vdi / la ma tran don vj; d la ma tran dudng cheo khoang, ggi la ma tran nhan tu khoang ciia 
phan tii hiru ban 

d = 

S 

(5) 
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Trudng hgp cac tham sd khac nhu chieu dai thanh, be day tain, dien tich tiet dien, do ciing 
ch6ng uon,... la cac tham sd khoang, ta cung cd the bieu dien ma tran do cung ciia PTHH dudi 
dang (4). De lam vi du, ta xet mdt phan tir thanh thang chiu keo nen cd chieu dai L, dien tich tilt 
dien A khong doi, md dun dan hdi E nhu hinh 2. Ma tran do cung ciia PTHH trong he tga do dja 
phuong la 

EA^ EA 
L 
EA 

L 

L 
EA 

(6) 

Gia thiet mo dun dan hdi E la khong chae chan va dugc md ta bang mdt tham sd khoang E 
cd dang (3). Thay vao (6), ta cd 

' EA 

L 
EA 

"T 

_EA^ 

L 
E4 

L 

0 

0^ (b 
-f-

0 

0 8 
= k'{l + d) (7) 

u\ 1 E,A,L 
— > • • 

2 "2 1 

•y 

L 

Vl 

^ 

Vl 

^ 2 

X 

'Ul 

X 

Hinh 2. Hinh 3. 

Ddi vdi phan tu' thanh cd hudng bat ki nhu hinh 3, ma tran do cung ciia PTHH trong he toa 
do tong the la 

k"^Tjk'T. (8) 

(9) 

trong do Tn la ma tran chuyen ddi 

_fcosj3 sin/? 0 0 ' 

" 1̂  0 0 cos jB' siriy^^ 

Thay (3) vao (8), ta nhan dugc ma tran do cirng khoang cua PTHH cd dang (4). 

3.2. Ghep cdc phdn tir theo phuang phdp EBE. Xir ly cdc dieu kien bien vd rdng huge theo 
phuong phdp hdm phat 

Trong phuong phap PTHH khoang, viec lap ghep ma tran do cirng cua ket cau tir cac ma 
tran do cirng ciia tirng PTHH theo phuong phap do cirng true tiep se dan den bai toan pbii thuoc 
vi rang hai he sd /Cy va K,,,,, nao dd cd the xuat phat tir ciing mgt phan tir, do vay, chiing phu 
thuoc lan nhau nhung s6 hge khoang khdng the tu ddng nhan biet dugc sir phu thuoc nay. 

De khac phuc khd khan nay, Muhanna va Mullen da de xuat phuong phap tdch tirng phdn 
tie (element by element - EBE) trong qua trinh tap hgp cac phan tir theo phuong phap PTHH 
khoang. Tu tudng co' ban ciia phuong phap nay la tach rdi cac PTHH de khong cd bat ki mdt 
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lien kit nao giua cac phin tir, tranh dugc sir phu thude trong qua trinh tap hgp phan tir. Do do 
mgt mit gdc lien kit hai phan tu se xuk hien trong ca hai PTHH nhung cd sd thir tir nut khac 
nhau, mSi niit thuoc v l chi mdt ph4n tir. Kit cau bj tach ra nay la md hinh EBE ciia ket cau ban 
dau. Vi du, md hinh EBE cua kit cdu tren hinh 1 dugc thi hien tren hinh 4. Niit lien ket giua 
phin tir 1 va 2 duoc tach ra thanh hai nut rieng biet: niit sd 2 d phin tu 1 va niit sd 3 d phan'tir 2. 
Chuyin vi dgc true tai cac mit dugc bilu thj lin lugt la w;, i=l,...., 4. Ma tran do cung K ciia ket 
cau trong mo hinh EBE la 

K=: 

0 

0 

0 0 

0 

0 

0 

0 

^ 2 ^ 2 

^ 2 ^ 2 

(10) 

/ 

i 

(1) 2 3 
*Ui 

(2) 
. M3 •1/4 

El, Al, Ll 
E\,A\,Lt 

Hinh 4. Md hinh EBE 

Dilu kien bien U\= 0 dugc dua vao ma tran K. Theo phuong phap EBE, ma tran nay co 
dang dudng cheo khdi 

K = 

"w. 

(11) 

trong dd cac ma tran dudng cheo con la ma tran do cirng ciia phan tir kj tuo'ng irng vd'i / = 1, ..., 
Nc va Nc la sd phan tii' trong ket cau. 

Vi cac PTHH khong dugc ket ndi nen ma tran do cirng .Strong (11) la ma tran suy bien ke 
ca sau khi ta da ap dat cac dieu kien bien. De ket ndi cac phan tir va khir tinh suy bien ciia ma 
tran K, ta can dua vao them cac rang budc theo phieong phdp hdm phat. Sd phat phai dii Idn de 
thoa man cac dieu kien rang budc nhung khdng qua Idn lam cho phuong trinh can bang trd nen 
khdng on djnh, nghiem thu dugc rat nhay cam vdi sai so. Phuong phap ham phat cd uu diem la 
de sii' dung, viec bo sung sd phat vao ma tran do cung ciia kit cau la don gian va khdng ddi hoi 
cac phuang trinh bo sung. 

Klii chuyen doi md hinh PTHH thdng thudng sang md hinh EBE tirong irng, mdt mit chung 
se xuat hien d cac phan tu' khac nhau nhung vdi sd thir tu niit khac nhau. Do su xuat hien nhieu 
lan ciia nhu'ng nut chung, tdng sd niit trong md hinh EBE se tang len tdi N„ vdi JV„ = ( S 6 lugng 
nut ciia phan tir) x (sd phan tu N), do do, so bac tu do trong he tang len tdi NcX{s6 bac tir do ciia 
mgt phan tir). Tuy kich thude ciia he tang nhung viec sii' dung phuong phap EBE cd thuan Igi la 
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tranh dugc bai toan phu thude trong qua trinh tap hgp phan tir va cho phep tach cac tham sd 
khoang. Thay (4) vao (11), ma tran do ciing khoang K ciia ket cau cd dang 

K-^ 

X . ; 

/ + 

hay K = k{l + D) 

(12) 

(13) 

trong dd D dugc ggi la ma tran nhan tii' khoang ciia ket cau vdi cac ma tran con di la cac ma tran 
dudng cheo khoang nen D cung cd dang dudng cheo. Bieu thirc (13) cho thay rang ma tran do 
Cling ket cau cd the phan tich thanh hai ma tran: mdt ma tran sd thuc va mdt ma tran dudng 
cheo khoang. Dieu nay rat quan trgng cho viec dd tim nhung bien khoang khi giai phuong trinh 
khoang cho ca ket cau. Ngoai ra can luu y rang trong ma tran D, mdi nhan tii' khoang xuat hien 
n, lan, vi du, ddi vdi mo hinh EBE ciia ket cau gom hai phan tu' thanh, moi phan tir co hai bac tu 
do nen 

D = 
d, 

d. 

^y 

(14) 

Sir xuat hien nhieu lan ciia 5\a nguyen nhan dan den bai toan phu thuge, dudi day, ta se 
quan tam tdi viec loai bd sir phu thuoc nay. 

3.3. Tdi trgng niit khodng 

Gia thiet tai mit chung i ciia / phan tir khac nhau trong ket cau cd dat tai trgng ngoai p,. Niit 

chung / nay se xuat hien d / phan tir khac nhau trong md hinh EBE vdi cac mit tuong irng la ;'/, 

_..., /, va tai trgng dat tai cac mit nay la p^ , ...,p^ . Khi p, la xac dinh, p. , ...,/>, cd the dugc lira 

chgn mgt each tuy y mien la thoa man dieu kien 

p^=T.P', 
,y=i 

Khi/7, la dai lugng khdng chae chan va bien thien trong khoang/;,, ta c6 

( 
Pi=LPi. 

(1.5) 

(16) 

De giam sd lugng bien khoang trong tinh toan, ta cd the chgn tai trgng khoang ho4n toan 
dat tai mdt mit, nhting mit cdn lai tai trgng dat bang 0 

I" (1) (2) (1) 

^ ^ 1 -

(a) H 
(2) 

—Pt- 'P2 

(b) 

Hinh 5 
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P, p, = 0 V j = 2,...,t (17) 

Doi vdi kit cku tren hinh 1, tai trgng/?/ cd thi dat tai mit 2 (hinh 5.a) hay tai mit 3 (hinh 
5.b). Khi tai trgng jPy dat tai niit 2, vec to tai trgng cd dang 

P = {0 Pt 0 p j (18) 

4. Mot s6 vi du tinh toan 

4.1. Vidul 

Kit cku gim hai thanh co md dun dan hdi E, dien tich At, Ai, kich thude L,=L2=1.5m va 
chju tai trgng Pt, Pi nhu hinh 1. Ckn xac djnh chuyin vj tai cac niit va luc dgc trong cac thanh 
theo phuong phap PTHH khoang va so sanh vdi nghiem giai tich tuong irng cho cac trudng 
hgp: 

1) 

2) 

Cac sdlieu vl vat lieu, hinh hoc la diim, so lieu vl tai trgng la khoang: £=2.10 (kN/nf), 
At = \OA0-\m'), Ai=l. 1 Q-\m\ P,=[28.5, 31.5](^A0 , P2=[47.5, 52.5](^A0. 

Cac sd lieu vl vat lieu, hinh hoc, tai trong diu la khoang: £=[195,205].10 {kN/nf), 
^,=[9.75,10.25]. l O ' V ) , •.^2=[6.825,7.175].10-V'), P, =[28.5,31.5](^A0, 
P2=[47.5,52.5](^A0. 

Viec xac djnh so phat dua tren yeu cau kit qua tjnh chuyin vj theo PTHH khoang phai 
triing vdi kit qua giai tich khi cac tham so dau vao la diim. Trong bai toan nay ta cd the chgn so 
phat trong khoang 7 0 ^ W'', cu thi la 77 =10\ Khi khong cd nghiem giai tich, viec lira chgn s6 
phat can cii' vao dilu kien tirong thich ciia chuyin vj tai cac nut chung giii'a cac phan tii' trong 
mo hinh EBE. Cung cd thi lay sd phat trong md hinh PTHH thdng thudng la so phat cho 
phuang phap PTHH khoang. 

D I giai he phuong trinh tuyin tinh khoang, tac gia sir dung phep giai lap Krawczyk [5]. 
Day la mgt phep lap eho kit qua nhanh, tin cay so vdi cac phep giai khac nhu khir khoang 
Gauss hay lap khoang Gauss-Seidel. 

Bang 1 va 2 la ket qua tinh chuyen vi niit va luc dgc theo phuong phap giai tich va phuong 
phap PTHH khoang khi E, Aj, AT la gia trj diem; Pi, PT la gia trj khoang (trudng hgp 1). 

Bdng 1: Ket qud tinh chuyen vi niit 

Chuyen vi 

Ul 

u. 

U3 

U4 

Nghiem giai tich (m) 

[ 0.00000, 0.00000] 

[ 0.00057, 0.00063] 

[ 0.00057, 0.00063] 

[ 0.00107, 0.000119] 

Nghiem theo chuong trinh (m) 

[ 0.0000, 0.0001] 

[ 0.0005, 0.0007] 

[ 0.0005, 0.0007] 

[ 0.0010, 0.0012] 

Bdng 2: Kit qud tinh luc dgc 

Phan tii' 

1 

2 

Nghiem giai tich (kN) 

[ 76, 84 ] 

[47.5,52.5] 

Nghiem theo chuong trinh (kN) 

[ 75.9999, 84.0001] 

[ 47.5000, 52.5000] 

Bang 3 va 4 la ket qua tinh chuyen vj nut va lire dgc theo phuong phap giai tich va phuong 
phap PTHH khoang khi E, Ai, A2, P], P2 la gia trj khoang (trudng hgp 2). 
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Bdng 3: Ket qua tinh chuyen vi nut 

Chuyen vi 

U| 

UT 

"3 

U4 

Nghiem giai tich (m) 

[ 0.0000, 0.0000] 

[ 0.0005425, 0.0006628] 

[ 0.0005425, 0.0006628] 

[ 0.0010, 0.0013] 

Nghiem theo chuong trinh (m) 

[ 0.0000, 0.0001] 

[ 0.0004, 0.0008] 

[ 0.0004, 0.0008] 

[ 0.0009, 0.0014] 

Being 4: Ket cpid tinh liec dgc 

PhSn tir 

1 

2 

Nghiem giai tich (kN) 

[ 76.0, 84.0 ] 

[47.5,52.5] 

Nghiem theo chuong trinh (kN) 

[ 75.6801, 84.3199] 

[ 47.5000, 52.5000] 

Tir cac ket qua tren, ta riit ra cac nhan xet: 

Trong cac trudng hgp tinh toan, nghiem giai tich ludn dua ra ket qua la mdt khoang hep 
nhat so vdi cac ket qua tinh theo chuong trinh. Khoang nghiem tiin dugc theo phuang phap 
PTHH khoang kha gan vdi nghiem giai tich, da cai thien dang ke so vdi khoang nghiem tim 
dugc theo su md rdng "tu nhien" ciia phuong phap PTHH thdng thudng. 

Ket qua tinh chuyen vj nut theo chuo'ng trinh cd sai sd vdi nghiem giai tich nhung ket qua 
tinh luc dgc theo chuong trinh la xap xi tdt vdi nghiem giai tich. Do la do trong bai toan tTnh 
djnh thi lire dgc khong phu thude vao mddun dan hoi va dien tich tiet dien. 

Khi cac tham so mddun dan hoi, dien tich tiet dien, tai trgng deu la cac gia trj khoang thi ket 
qua tinh toan la khoang rgng hon so vdi trudng hgp chi cd tai trgng la dai lugng khoang. 

4.2. Vidu 2 

Xac dinh cac chuyen vj nut theo phuong phap PTHH khoang va so sanh vdi nghiem giai 
tich doi vdi dan phang sieu tTnh (hinh 6) gdm 10 thanh cd dien tfch A, md dun dan hoi E va chiu 
tai trgng P. Cac sd lieu ve vat lieu, hinh bgc, tai trgng deu la cac dai lugng khoang: £=[195, 
205] .10VV//A^=[9.75, 10'25].'l0"V'X'P=[133, i47](A:A0,i=4.5(«7). .:..^ 

Hinh 6. 

So dd rdi rac hda dan phang theo phuong phap PTHH khoang dugc the hien tren hinh 7 

gdm 10 thanh vdi 40 chuyen vj niit w = {u^,lt-,,•••,u^Q). Bang 5 the hien viec so sanh ket qua 

tinh chuyen vj theo phuong phap PTHH khoang vdi chuyen vj theo nghiem giai dch. 

Ta nhan thay, nghiem giai tich ludn dua ra ket qua la mgt khoang hep nhat so vdi cac ket 
qua tinh theo chuong trinh. Ket qua nhan dugc xap xi tdt vdi nghiem chinh xac cho thay each 
giai da khac phiic dugc dac diem bai toan phu thuoc cua dai sd khoang, do do, cd the irng dung 
vao phan tich cac ket cau phirc tap ban vdi cac so lieu ve vat lieu, hinh hoc va tai trgng la cac 
dai lugng khoang. 
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Q 2 . 3 Q 4 • 5 

Hinh 7: So dd rdi rac hda theo phuong phap PTHH khoang 

Bdng 5: Ket qud tilth chuyen vi nut. 

O 

Chuyen 
vi niit 

1 

2 

3 

4 . 

5 

6 ' 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Nghiem giai tich 
• ( m ) 

[0, 0] 

[0, 0] 

[0.0031, 0.0032] 

[-0.0181,-0.0173] 

[0.0031, 0.0032] 

[-0.0181,-0.0173] 

[0.0055,0.0058] 

[-0.0181,-0.0173] 

[0.0055,0.0058] 

[-0.0181,-0.0173] 

[0.0086, 0.009] 

[0, 0] 

[0.0086,0.009] 

[0, 0] 

[0.0024, 0.0026] 

[-0.0156,-0.0148] 

[0.0024, 0.0026] 

[-0.0156,-0.0148] 

[0.0055, 0.0058] 

[-0.0181,-0.0173] 

Nghiem theo 
chu'ong trinh (m) 

[0.0000, 0.0001] 

[-0.0001, 0.0001] 

[ 0.0028, 0.0035] 

[-0.0191, -0.0163] 

[0.0028, 0.0035] 

[-0.0191, -0.0163] 

[ 0.0050, 0.0063] 

[-0.0191, -0.0163] 

[ 0.0050, 0.0063] 

[-0.0191, -0.0163] 

[ 0.0079, 0.0097] 

[-0.0001, 0.0001] 

[ 0.0079, 0.0097] 

[-0.0001, -0.0000] 

[0.0021, 0.0029] 

[-0.0165, -0.0140] 

[ 0.0021, 0.0029] 

[-0.0165, -0.0140] 

[ 0.0050, 0.0063] 

[-0.0191, -0.0163] 

Chuyen 
vi nut 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Nghiem giai tich 
• ( m ) 

[0.0055, 0.0058] 

[-0.0181, -0.0173] 

[0.0061, 0.0065] 

[-0.0156, -0.0148] 

[0.0061, 0.0065] 

[-0.0156, -0.0148] 

[0.0031, 0.0032] 

[-0.0181, -0.0173] 

[0.0031, 0.0032] 

[-0.0181, -0.0173] 

[0.0024, 0.0026] 

[-0.016, -0;0144] 

[0.0024, 0.0026] 

[-0.016, -0.0144] 

[0.006, 0.0066] 

[-0.0156, -0.0148] 

[0.0061, 0.0065] 

[-0.0156, -0.0148] 

[0, 0] 

[0, 0] 

Nghiem theo 
chuong trinh (m) 

[ 0.0050, 

[-0.0191, 

[0.0056, 

[-0.0165, 

[ 0.0056, 

[-0.0165, 

[0.0028, 

[-0.0191, 

[0.0028, 

[-0.0191, 

[0.0021, 

[-0.0165, 

[0.0021, 

[-0.0165, 

[0.0056, 

[-0.0165, 

[0.0056, 

[-0.0165, 

[-0.0001, 

[-0.0001, 

0.0063] 

-0.0163] 

0.0070] 

-0.0140] 

0.0070] 

-0.0140] 

0.0035] 

-0.0163] 

0.0035] 

-0.0163] 

0.0029] 

-0.0140] 

0.0029] 

-0.0140] 

0.0070] 

-0.0140] 

0.0070] 

-0.0140] 

-0.0000] 

-0.0000] 

5. Ket luan 
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a) Neu cac sd lieu ve vat lieu, hinh hge, lien ket, tai trgng cung nhu chfnh viec md hinh hda va 
phan tich ket cau cd chira nhieu yeu td khdng chae chan thi ta phai sir dung md hinh cac ylu 
to khdng chae chan phi xac suat nhu ly thuyet tap md, phuo'ng phap khoang, ly thuylt tap 
ngau nhien, md hinh loi,... Phuang phap khoang mang lai mdt each bieu diin don gian, ggn 
nhe va cd hieu qua tinh toan cao ddi vdi cac yeu to khdng chae chan kbi chi cd thdng tin vl 
viing gia trj cua dai lugng nay ma khdng gan mgt cau triic xac suat nao ca. 

b) Khi tinh toan khoang, can phai chii y den dac diem bai toan phu thuge la nguyen nhan co 
ban de dan tdi ket qua khdng chinh xac, tii' do, phai cd each xir ly thich hgp. Dong thdi chi 
thuc hien phep tinh sd bgc khoang khi that can thiet, cang mugn cang tdt. 

c) Da ling dung phuong phap PTHH khoang dang phat trien hien nay tren the gidi dl tinh toan 
cac ket cau thanh chju tai trgng tTnh vdi cac yeu td khong chae chan la nhung dai lugng 
khoang bj chan tren va chan dudi nhung khdng gan vdi mgt eau triic xac suat nao. Khi irng 
dung phuong phap PTHH khoang can: 

Tach tham sd khoang trong ma tran do cirng. 
Dimg md hinh EBE ket hgp phuo'ng phap ham phat de xir ly cac dieu kien bien va cac 
rang budc. 
Chi thuc hien phep tinh sd hge khoang khi that can thiet, cang mugn cang tdt. 

d) Da xay dung chuong trinh tinh toan ket cau he thanh theo phuong phap PTHH khoang trong 
MatLab vdi cac tham sd vat lieu, hinh hge, tai trgng la tham sd khoang. Chuong trinh sir 
dung phep giai lap Krawczyk de giai he phuong trinh tuyen tfnh khoang. Cac ket qua nhan 
dugc xap xi tdt vdi nghiem chinh xac va cd the irng dung vao thuc te. 
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