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Tém tat: Bai béo trinh bay cac nghién ciru vé phuong phap PTHH khodng dé mé
td cac yéu té6 khdng chdc chdn cda két cau la nhiing sé khodng bi chén trén va
chén dudi nhung khéng gdn véi mét céu tric xac suét nao. Tir do, tac gid da tng
dung vao viéc phén tich két cau thanh véi cac tham sé vét liéu, hinh hoc, lién két
va tai trong la cac tham sé khodng. Céc két qua nhén duoc xép xi véi nghiém
chinh xé&c va cé thé tng dung vao thuec té.
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Summary: The paper presents the application of Interval Finite Element Analysis
(IFEA) for uncertainties in the material, geometry, and load parameters in linear
static element analysis. Uncertainties are introduced as bounded possible values
(intervals), and it has lower and upper bounds without assigning a probality
structure. The obtained results should be accurate and efficienty computed.
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1. M& dau

Khi mé hinh héa va phan tich két cau, ta thwdng gap trwong hop cac sé liéu vé vat liéu,
hinh hoc, lién két, tai trong ciing nhw chinh viéc md hinh héa va phan tich két cdu cé chira
nhiéu yéu t6 khong chéc chan, dan dén cac phan &ng ctia hé ciing la nhitng yéu t6 khéng chéc
chan. Mac du mé hinh xéc suét va théng ké da dwoc xay dwng kha day da va rd rang, nhung
trong cac trwong hop sé liéu khong da, khong ré rang, khong dwoc phan loai,... thi nguoi ta
phai chuyén sang st dung cac mé hinh phi xéc suét nhw ly thuyét tap mo [5-6, 18], phwong
phap khoang [8, 10-13, 15-17], md hinh 13i [9, 16-17], Iy thuyét nhan ching [6, 9,... 14 phu hop
hon dé& mé hinh héa cac yéu té khéng chéc chan.

Nhirng ndm gan day da co nhidu nghién ctru quan tam t&i viéc moé hinh hoa va phan tich
két ciu co xét dén cac yéu t6 khong chéc chén trén co s& phat trién phwong phap phan tir hivu
han (PTHH) khodng va phwong phap PTHH m& [11, 16-17]. Viéc phan tich PTHH m& cé thé
chia ra thanh mét loat cac phan tich PTHH khodng v&i cac mirc mé khac nhau, vi vay, phwong
phap PTHH m& ciing la s mé réng cla phwong phap PTHH khoang. Nhirtng nam 1990 la thoi
ki b4t dau nghién ciru phwong phap PTHH khodng trong co hoc va da dat mot sd két qua nhét
dinh trong linh vc phan tich tinh va dong két cau, linh vuc dia ki thuat va truyén nhiét,...[11,
16-17]. Phwong phap PTHH khoang cé thé xem nhw & phdn mé rong ctia phwong phap PTHH
thong thwdng. Sw khac nhau co ban 13, trong phwong phap PTHH khoang mét sé tham sé nhw
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modun dan hoi, dién tich tiét dién, tai trong,... 1a cac dai lwong khoang, dan dén ma tran do
clrng K va véc to tai trong p ciing la nhirng dai lwgng khoang, do do, phan (rng cla hé bao
gbm (rng suét, bién dang, chuyén vi,... cling la ham clia cac dai lwong khodng. Bai toan dét ra
la cAn phai danh gia chinh xac khoang céc phan trng cla hé.

Néu chi cé tai trong la tham sé khodng thi ma tran d6 cirng K khoéng bao gdm cac sb
khodng nén ta cé thé tim dwoc chinh xac ving phan &ng cia hé. Mullen va Muhanna [16-17]
da phat trién mot thuat toan dwa trén s hoc khoadng dé tinh phan rng ctia két cau chiu nhirng
dang tai trong bét lgi nhat. Tl nghién ctvu ctia Mullen va Muhanna, Saxena [11,16] da nghién
clru tat ca nhirng dang tai trong cho nhitng két ciu I6n va phirc tap. Pantelides va Ganzerli
[11,16] da s& dung phwong phap chéng chét nghiém dé giai nhirng bai toan dan hdi tuyén tinh
véi tai trong khoang va nghiém thu dwoc trung véi nghiém ctia Mullen va Muhanna. Déi véi cac
bai toan v&i nhiéu tai trong khoang, phwong phap chdng chat nghiém lai tré nén kém hiéu qua.
Trong trwéng hop tbng quat, khi cd ma tran dd cirng K va véc to tai trong p 1a cac dai lwong
khodng, thi dd chinh xac khodng phan &ng ctia hé 1a khé dat dwoc hon. Do do, ta can quan
tam dén viéc 1a lam thé nao dé danh gia dwoc khoang chinh xac cho phan ng thuc cia hé.

O Viét Nam, phuvong phap PTHH khodng da dwoc tac gia Tran Van Lién budc dau
nghién cru va (rng dung vao trong tinh todn céng trinh [2-4]. Trén co s& tim hiéu va tng dung
phép gidi I&p Krawczyk dé gidi hé phwong trinh tuyén tinh khodng, tac gid da tinh toan mot sé
hé thanh chju kéo nén v&i cac tham sb vat liéu, hinh hoc va tai trong la cac dai lwgng khoang.
Cac két qua nhan dwoc 1a kha gan véi nghiém giai tich. Tuy vay, viéc nghién clru tng dung ly
thuyét khoang cho céac két cdu phirc tap hon nhw khung, tAm con chwa dwoc nghién ciru. Di
véi bai toan dong lwc hoc coéng trinh, tac gid Phung Quyét Thang [7] da c6 mot sb két qua
nghién clu budc diu vé viéc xac dinh phan tng dong ctia hé két cdu cé mét bac tw do véi 5
tham s la cac s6 khoadng dwa trén md hinh Taylor véi thuat toan VSPODE cua Stadther.

Bai bao nay trinh bay cac nghién ctu vé phwong phap PTHH khodng dé mé ta cac yéu
td khong chac chan |a nhitng sb khodng bi chan trén va chan dudi nhung khéng gan véi mot
cu tric xac suat nao. T d6, tac gid da wng dung vao viéc phan tich két cdu thanh chiu udn véi
cac tham sb vat liéu, hinh hoc, lién két va tai trong 1a cac tham s khodng. Cac két qua nhan
dwoc xap xi véi nghiém chinh xac va cé thé (ng dung vao thuc té.

2. Dac diém cua dai s6 khoang va ctia phwong phap PTHH khoang
a. Dbi v&i cac ham sb ma tham sé khoang xuét hién nhiéu hon mét Ian thi sé xay ra bai
toén phu thudc gay ra sw mé rong khoang qua mirc. Néu bang cach nao dé ta giam dwoc sb

lan xuét hién cta tham sb khodng, thi ta cé thé tranh dwoc bai toan phu thudc va thanh coéng
ctia phép phan tich khoang phu thudc vao viéc sw gidm bét sw phu thudéc. Chang han, ham sb

f(x)=x"—x v6i x¢€ [—1, 1], bang cach danh gia théng thwong, ta nhan dwoc ving gia tri
trén khoang [-1,1] 1a: f(x)=x?-x=[-11]* -[-1,1]=[0,1]-[-1,1]=[-1, 2]. Mat khac,
ta cé thé viét: {f(x) =x?—x=(x-0.5)% - 0.25|x € [—1, 1]}= [— 0.25, 2]. Nhw vay, viing
gia tri ham s6 khoang f cé bao ham vung gia tri chinh xac, nhwng né dwa ra gia tri can dudi la
qua réng tr -0.25 t&i -1.

b. Khi thay thé cac tham s va phép toan trong phwong phap PTHH théng thudng bang
cac tham sb khodng va phép toan khodng twong ng sé mang lai két qua la khodng nghiém
qua réng, khéng con y nghia thuc té. D6 1a do sé hoc khodng xem réng, tat cé céc hé sé
khoéng trong ma tran do ctrng thay déi déc Iap trong khodng gié tri cia ching. D&c diém nay co
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anh hwéng I&n dén viéc xay dwng phwong phap PTHH khoang. P& phuwong phap nay cho
nghiém gan dung tbt nhat thi ta can gidm sé Ian xuét hién cta cung mét bién khodng trong tinh
toén va chi str dung sb hoc khodng khi can thiét, cang muén cang tét [11,16].
3. Phwong phap PTHH khoang

3.1. M6 hinh PTHH cua thanh c6 lién két dan héi tai hai dau nut

Xét phan t& thanh théng chiu kéo nén co tiét dién khong dbi A, chiéu dai L, md dun dan
hdi E va céc lién két dan hdi & hai dau thanh nhw hinh 1. Ky hiéu Cut ; Cuz la do cirng cua lién
két dan hdi qui wéc, khi d6 ma tran do clrng va véc to tai trong quy déi clia phan t& thanh nay
c6 dang [1]:

~_ EA/L 1 - ~
K=K*K, = P94 =K*p 1
0 1+EA/L+EA/L (_1 1}’ M
Cul cuZ

trong do K, va P la ma tran do clrng va véc to tai trong quy vé& nat cla thanh thang chiu kéo nén
théng thuwdong, va ma trén

]Z — 1 O +E_A 1/cu1 _l/cu2 (2)
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Hinh 1. M6 hinh PTHH thanh chiu kéo nén cé lién két dan hoi tai 2 nat

Xét thanh thang co tiét dién khdng ddi chiu udn voi cac lién két dan hdi nhw hinh 2. Ky hiéu
Cvts Cot, Cv2, Co2 la do cing cla lién két dan hdi qui wéc, khi d6 ma tran dod clrng va véc to tai
trong quy déi ctia phan tt thanh nay co6 dang [1]

K=K'K,;P'=K*P (3)

trong d6 K, va P |a ma tran do clrng va véc to tai trong quy vé nut cha thanh thdng chiu uén
thdong thuwdng, va ma tran

P P4

Py P,
Ll o - i=cr BN
)Uz )Uz ) UDJ“ U’3D

Hinh 2. M6 hinh PTHH thanh chiu uén cé lién két dan hoi tai 2 nat
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1000 12/c,  6L/c, -12/c, 6L/c,,
F_|001 00| B 6L/c, 4L%[c, -6L/c, 2L’/c, @

0 010| *|-12/c, -6L/c, 12/c, —6L/c,

0001 6L/c, 2L%[c, -6L/c, 4L’/c,

Khi gia thiét cac bién dang kéo nén va udn 1a doc lap nhau, ta nhan dwoc ma tran d6 clirng
va véc to tai trong quy vé nut ctia phan tlr thanh thang cé lién két dan hoi tai nat la té hop cia
phan t& thanh chiu kéo nén va phan t& ddm chiu uén trong hé toa dé dia phuong.

3.2. Tdch cdc tham sé khoéng trong ma trén dé cieng
Gia thiét moédun dan hdi E & khong chéc chan, thé hién bang tham sb khodng
E =[E,E] hayla

E=E@1+0) ()

Véi E 1a diém gitva cla E; 51a nhan t& khoang clia E

E=1(E+E); 6 =(E/E)-1=[-rad(E)/ E, rad(E) E]; rad(E) = (E - E)

Ta nhan dwoc ma tran do cirng khodng k cia PTHH gém phan xac dinh /E la ma tran do
cing xac dinh theo gia tri diém gitta £ bang phwong phap PTHH thong thuong va phan
khoang kd

k=k(I+d) (6)
V@i I'la ma tran don vi; d la ma tran dwdng chéo khoang, goi la ma tran nhan t&r khoang
d = diag(é6 --- o) (7)

Khi cac tham sb khac nhw chiéu dai thanh, bé day tAm, dién tich tiét dién, d6 cirng chéng
udn,... 1a tham sé khoang, ta cling cé thé biéu dién ma tran do cng clia PTHH dwéi dang (6).

3.3. Ghép cdc PTHH theo phwong phdp EBE. Xtr ly cdc diéu kién bién va rang buéc
theo phwong phap ham phat

Trong phwong phap PTHH khoang, viéc ghép cac ma tran dé cirng cua tirvng PTHH vao
ma tran dd cirng cla két cdu nhw phuwong phap PTHH thong thwdng sé dan dén bai toan phu
thudc vi réng hai hé s K; va K,,, nao dé co thé xuét phat tr cuing mét phan tt, do vay, ching
phu thudc 14n nhau nhung s hoc khodng khéng thé tw ddng nhan biét dwoc sw phu thudc nay.

Dé khéc phuc khé khan nay, Muhanna va Mullen da dé xuat phwong phap tach timg
phén tir (element by element - EBE) trong qua trinh tap hop cac phan t&r theo phwong phap
PTHH khodng. Tw twdng co ban clia phwong phap nay la tach r&i cac PTHH, xem nhw khong
c6 bat ki mét lién két nao gitra cac phan t& dé tranh dwoc sw phu thudc trong qua trinh tap hop
phan tir. D& két nbi cac phan tt& va khi tinh suy bién clia ma tran K, ta can dwa thém vao cac
diéu kién rang budc va diéu kién bién theo phuong phap ham phat. Sé phat phai da I6n dé théa
man cac diéu kién nay nhung khéng dwoc qua I&n lam cho phwong trinh can bang tré nén
khong &n dinh.
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Déi v&i cac diéu kién rang budc va diéu kién bién cé dang cu — g =0 trongdo cvaqla
hang sb, ta dwa vao ham sb ¢ = cu — g, khi d6 cac diéu kién rang budc va diéu kién bién dwoc
thod man néu t=0. Dbi v&i bai toan dan hdi tuyén tinh tinh, khi bé sung thém lwong phat
1¢"nt" véi nla ma tran duwong chéo cla nhirng sé phat 7; vao phiém ham thé nang toan phan
M=1u"Ku-u"p,tacd I =iu"Ku—u"p+3t"nt. T didu kién dirng cda phiém ham
I7T1a 81 =0, ta nhan dwoc

(K+Qu=p+c'ng (8)

Trong d6 Q = ¢ nc goi la ma tran phat. Déi véi cac diéu kién rang budc va didu kién
bién trong mo6 hinh EBE c6 dang cu = 0 va q = 0, phwong trinh (8) dwa vé dang don gian hon

(K+Qu=p 9)

Phuong phap ham phat c6 uu diém 1a dé s dung, vigc bd sung sb phat vao ma tran do
clrng cla két cau la don gidn va khong doi hdi phwong trinh bo sung.

3.4. Tai trong nat khoang

Gia thiét tai nut chung i cla t‘phén t& khac nhau trong két cdu c6 dat tai trong ngoai p;.
Nut chung i nay sé€ xuat hién & t phan t&r khac nhau trong mé hinh EBE vé&i cac nat twong &ng
la iy, ..., iy va tai trong dat tai cac nut nay la DD Khi p;la xac dinh, D Dy c6 thé dwoc
lwa chon mét cach tuy y mién 1a thod man diéu kién p, = Zt: P - Khi p; 1a dai lwgng khéng

=1

chéc chan va bién thién trong khoang p;, ta c6 p = Zt“ P Dé gidm sb lwong bién khoang
=

trong tinh todn, ta c6 thé chon tai trong khodng hoan toan dat tai mét nat, nhirtng nat con lai tai

trong dat bang 0

P, = D;

10
p; =0vdi j=2,..,t (10)

4. Phan tich khung siéu tinh

Khung phang gédm 3 thanh c6 dién tich A;, A, As; md dun dan hdi E, mémen quan tinh I,
I, I5; chiu tai trong tap trung P, tai trong phan bd g nhw trén hinh 3a. Bai toan dat ra la xac dinh
chuyén vi nut va lyc doc trong cac thanh theo phwong phap PTHH khodng vé&i md hinh EBE
(hinh 3b) va so sanh v&i nghiém giai tich twong wng véi cac treong hop:

1. Khi E, A, I, P, q la gia tri diém: E=2.10"(kN/m?); 1,=1,=12.10° (m®); A;=A,=0,03(m°);
15=15.10°(m"); A;=0,035 m?; P=400kN, q=50kN/m

2. Khi E, A, | la gia tri diém; P, g |a cac gia tri khoang: E=2.10"(kN/m°); 1,=1,=12.10"
(m?); A;=A,=0,03(m?); 15=15.10"°(m"*); A3=0,035 m*; P=[395, 405] kN, q=[45, 55]kN/m

3. Khi E, A, I, P, qla gia tri khoang: E=[1.9, 2.1].10"(kN/m?); 1,=1,=[11, 13].10°° (m®);
A=A,=[0.029, 0.031(m?); I5=[14, 16].10°(m"); As=[0.034, 0.036]m’; P=[395, 405] kN, q=[45,
55]kN/m
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Hinh 3. Khung siéu tinh c6 lién két tuyét dbi ciing

Viéc xac dinh sb phat dwa trén yéu cau két qua tinh chuyén vi theo PTHH khodng phai

trung voi két qua gidi tich khi cac tham sd dau vao l1a diém. Trong bai toan nay bang viéc tho

nhiéu Ian, ta chon dwoc sb phat ndm trong khoang 70" dén 10’ Ia phi hop. Néu chon sb phat

qualen (> 1020), phuwong trinh can bang tré nén khéng 4n dinh va gay ra sai sét lon.

Bang 1 va 2 thé hién so sanh két qua tinh chuyén vi va (rng lwc nat theo phwong phap

PTHH khoang va theo nghiém giai tich ’ng khi E, A, | 1a gia tri diém; P, q 1a céac gia tri khoang

Béang 1. Két qua tinh cac chuyén vi nut

NGt Nghiém giai tich Nghiém chuong NGt Nghiém giai tich Nghiém chuong
(m) trinh (m) (m) trinh (m)
us | [0.0000, 0.0000] | [0.0000, 0.0001] | uqo | [0.2826,0.2914] | [ 0.2824, 0.2992]
ux | [0.0000, 0.0000] | [0.0000, 0.0001] | wuqs | [0.2088,0.2154] | [ 0.2086, 0.2156]
uz | [-0.0000, -0.0000] | [-0.0001,-0.0000] | us, | [0.0068, 0.0086] | [0.0067, 0.0086]
us | [0.2846, 0.2934] | [0.2844, 0.2990] | us; | [0.2826, 0.2914] | [ 0.2824, 0.2992]
us | [0.0001, 0.0001] | [0.0000, 0.0002] | uss | [0.2088,0.2155] | [ 0.2086, 0.2156]
us | [-0.0308, -0.0297] | [-0.0312,-0.0293] | uss | [0.0068, 0.0086] | [ 0.0067, 0.0086]
u; | [0.2846, 0.2934] | [0.2844, 0.2990] | uss | [0.0000, 0.0000] | [ 0.0000, 0.0001]
us | [0.0001, 0.0001] | [0.0000, 0.0002] | uy; | [-0.0000, -0.0000] | [-0.0001, -0.0000]
ug | [-0.0308,-0.0297] | [-0.0312,-0.0293] | uss | [-0.0000, -0.0000] | [-0.0001, -0.0000]
Béng 2. Két qua tinh cac (ng luc nit
Phén to Ung luc Nghiém gidi tich Nghiém chuong trinh
1 Nc (kN) [ 9.9385, 21.5013] [ 9.0677, 22.3722]
Qc (kN) [-103.3299, -100.3354] [-105.6515, -99.9457]
Mc (kNm) [-223.4596, -219.1589] [ -224.8998, -218.5814]
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Phén to Ung luc Nghiém gidi tich Nghiém chuong trinh
Na (kN) [9.9385, 21.5013] [ 9.0677, 22.3722]
Qa (kN) [-103.3299, -100.3354] [-105.6515, -99.9457]

Ma (kNm) [ 182.1825, 192.8599] [ 174.8832, 196.0244]
Na (kN) [-297.6646, -296.6701] [-306.8174, -291.0244]
Qa (kN) [ 9.9385, 21.5013] [ 0.5088, 30.9310]

Ma (kNm) [ 182.1825, 192.8599] [ 162.4307, 212.6085]
Ng (kN) [-297.6646, -296.6701] [-306.8174, -291.0244]
Qs (kN) [213.5013, 217.9385] [ 192.5088, 238.9310]

Mg (kNm) [-277.1453, -273.5716] [ -297.2933, -213.4269]
Ng (kN) [-352.9496, -348.8031] [ -370.5088, -340.9310]
Qg (kN) [-109.2353,-107.3686] [-110.0110, -105.9943]

Mg (kNm) [-277.1453, -273.5716] [ -297.2933, -213.4269]
Np (kN) [-352.9496, -348.8031] [ -370.5088, -340.9310]
Qp (kN) [-109.2353, -107.3686] [-110.0110, -105.9943]

Mp (kNm) [ 263.2714, 269.0312] [ 249.7949, 281.0126]

Bang 3 va 4 thé hién so sanh két qua tinh chuyén vi va ng lwc nut (béng 6) theo phuong
phap PTHH khoang va theo nghiém gidi tich khi E, A, I, P, g la gia tri khoang.

Béng 3. Két qua tinh chuyén vi nat

NGt Nghiém giéi tich Nghiém NGt Nghiém giéi tich Nghiém

(m) chuong trinh (m) (m) chuong trinh (m)
Uy [0.0000, 0.0000] [ 0.0000, 0.0001] | uqo [ 0.2846, 0.2883] | [0.2824, 0.2890]
Uz [0.0000, 0.0000] [ 0.0000, 0.0001] | uq4 [ 0.2091, 0.2128] | [0.2086, 0.2156]
Uz [-0.0000, -0.0000] | [-0.0001,-0.0000] | u42 [ 0.0068, 0.0078] | [0.0067, 0.0086]
Ug [0.2855, 0.2880] [0.2844, 0.2890] | uqs [ 0.2846, 0.2883] | [0.2824, 0.2890]
Us [0.0001, 0.0001] [0.0000, 0.0002] | uqg [ 0.2091, 0.2128] | [0.2086, 0.2156]
Us [-0.0304, -0.0263] | [-0.0312,-0.0293] | u4s [ 0.0068, 0.0078] | [0.0067, 0.0086]
Uz [0.2855, 0.2880] [0.2844, 0.2890] | u4e [ 0.0000, 0.0000] | [0.0000, 0.0001]
Us [ 0.0001, 0.0001] [0.0000, 0.0002] | u47 [-0.0000, -0.0000] | [-0.0001,-.0000]
Ug [-0.0304, -0.0263] | [-0.0312,-0.0293] | u4s [-0.0000, -0.0000] | [-0.0001,-.0000]
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Bang 4. Két qua tinh céac (ng luc nut

Phén to Ung luc Nghiém gidi tich Nghiém chuong trinh
Ng (kN) [ 10.0218, 20.1212] [ 0.2823, 31.1576]
Qc (kN) [-104.3788, -93.2622] [-111.3727, -89.4151]
Mc (kNm) [-226.6831, -203.9993] [ -239.8279, -198.0345]
1 Na (kN) [ 10.0218, 20.1212] [ 0.2823, 31.1576]
Qa (kN) [-104.3788, -93.2622] [-111.3727, -89.4151]
Ma (kKNm) [ 179.0494, 190.8323] [ 117.8327, 247.4560]
N (kN) [-284.7378, -263.6212] [-294.3388, -254.2621]
Qa (kN) [ 10.0218  20.1212] [ 84, 39.8341]
M, (kNm) [179.0494, 190.8323] [ 1447, 230.3]
? Ng (kN) [-284.7378, -263.6212] [-294.3388, -254.2621]
Qs (kN) [ 202.0218, 212.1212] [ 1836, 247.8]
Mg (KNm) [-275.0378, -263.6527] [ -330.3, -120.4]
Ng (kN) [-346.4601, -335.8697] [-326.6401, -305.6879]
Qg (kN) [-108.5772, -103.6242] [ -117.0, -97.5]
Mg (kNm) [-275.0378, -263.6527] [ -298.1, -247.5]
’ Np (kN) [-346.4601, -345.8697] [-326.6401, -305.6879]
Qp (kN) [-108.5772, -103.6242] [ -117.0, -97.5]
Mp (kNm) [ 254.4682, 267.8481] [ 189.9, 337.4]

T cac két qua trén, ta rat ra cac nhan xét:

- Trong cac trwdng hop tinh toan, nghiém giai tich luén dwa ra két qua Ia mot khoang hep
nhét so v&i cac két qua tinh theo chwong trinh. Khi chi ¢6 tai trong P, g la dai lwgng khoang thi
két qua tinh chuyén vi nat theo chwong trinh tai mét sé nat 1a trang véi nghiém giai tich. Trong
ca hai truorng hop thi két qua tinh chuyén vi la x&p véi nghiém giai tich, nhung két qua tinh luc
cat, mémen méi dirng lai @ mire gan dung.

- Khi médun dan hdi, dién tich tiét dién, mémen quan tinh, tai trong déu la cac gia tri
khodng thi két qua tinh toan céac gia tri chuyén vi nat va rng lwc 1a khoang réng hon so voi
tridng hop chi co tai trong la dai lwgng khoang.

Dé xét anh hwéng cla cac lién két dan héi dén sy phan bd noi luc, ta xét khung phéng
trén hinh 4 v&i cac tham s E, A, I, P, q 1a céc gia tri diém trong hai triwong hop khao sat:

1. Lién két nat dan hdi véi cac gia tri diém: E=2.10"(kN/m°); 1,=1,=12.10° (m®);
A;=A;=0,03(m); 15,=15.10°(m"); A5=0,035m° P=400kN; q=50kN/m; c,=40000kN; c,=1000kNm
....50000kNm
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2. Lién két nat dan hoi voi cac gia tri diém nhw trén nhung ¢, 1a gia tri khoang dé lya
chon khoang phan tich phu hop.

S0KN/m 2-D Frame Structure - Moment
C C 1100 i i i i i i i
o [T 1 1 1%
1000 b — bt ——fm—t—— = —
400kN 277 [
C A B C e I B B Y A AR
i i | | | | |
¥ @ I I I I I I I
800 e e e S
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Hinh 4. Khung siéu tinh c6 lién két dan hoi Hinh 5. Sy thay d6i mémen uén tai nut A
Hinh 5 thé hién sy thay dbi mémen udn tai nut A cta thanh AB khi d cirng ¢, la cac gia
tri diém thay ddi tr 7000kNm dén 50000kNm. Bang 5 thé hién két qua tinh todn mémen uén
ciing tai nut A cla thanh AB v&i d6 cieng ¢, 1a céc gia tri khodng khac nhau. Ta nhan thay, khi
dd cng lién két dan hoi tang lén thi mémen ubn M, tién dan vé két qua trwong hop nat cirng
tuyét ddi. V& co ban, khi dd cirng lién két dan hoi c, < 20 EI/L =12000kNm , néi lyc trong

két cAu thay ddi rat nhanh, khoang gia tri d6 cirng ¢, thay ddi rat nhé ciing dan dén khoang két

qua moémen udbn M, thay dbdi rat rong. Khi lien két dan hdéi véi dd cing

c, 240 EI/L = 24000kNm , ndi lwc trong két cAu kha gan véi treong hop nat cing tuyét déi,
khoang gia tri do cing c,, thay ddi rat rong nhuwng két qua khodng mémen udn M, lai thay doi
kha hep. Do vay, trong tinh toan két cAu can can nhac k& dén anh hwéng cuda lién két nat dan
hoi co do clrng nam trong khoang ¢, <20 EI/L, d&c biét can lwu y dén khoang xac dinh cla
dd cteng lién két dan hoi ¢, dé co khoang gia tri két qua phu hop. Nghia I3, trong tinh toan két
céu theo phwong phap PTHH khoang, ta can lwu y dén d6 nhay cdm cua tirng tham sé két ciu

dé c6 khoang két qua phu hop.

Béng 5. Gia tri mémen udn My véi do cliing ¢, la cac khoang gia tri

S6 ligu khoéng c,

Mémen udn tai A

S6 ligu khoang c,,

Mémen ubn tai A

(kNm) (kNm) (kNm) (kNm)
[100, 110] [ 285.3606, 504.2717] [200, 210] [ 334.9132, 422.5363]
[300, 310] [ 339.2555, 390.6674] [400, 410] [ 335.6810, 370.4162]

[1000, 1010]

[ 301.6903, 309.9740]

[5000, 5100]

[ 225.0868, 230.3515]

[10000, 11000]

[ 202.1494, 215.5484]

[12000, 13000]

[ 200.9499, 210.4459]

[15000, 16000]

[ 199.2950, 205.5088]

[20000, 21000]

[ 197.1589, 200.7400]
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S6 liéu khoéng c, Mémen uén tai A S6 liéu khoang c, Mémen uén tai A
(kNm) (kNm) (kNm) (kNm)
[24000, 25000] | [ 195.9009, 198.4204] [30000, 35000] [ 191.2301, 198.5761]

[50000, 60000] | [ 189.3611, 194.5407] [100000, 150000] [ 186.9388, 192.1703]

5. Két luan

a. Phwong phap khoang mang lai mét cach biéu dién don gian, gon nhe va cé hiéu qua
tinh toan cao dbi v&i cac yéu td khdng chac chén khi chi cé thoéng tin vé vang gia tri cta dai
lwong nay ma khéng gan moét ciu tric xac suat ndo ca. Khi tinh toan khodng, can phai cha y
dén dac diém bai toan phu thudc la nguyén nhan co ban dé dan téi két qua khong chinh xac, tiv
d6, phai cé cach xt ly thich hop nhw tach tham sé khoang, ding mé hinh EBE,... Ddng thoi chi
thwe hién phép tinh sb hoc khoang khi that can thiét, cang muédn cang tét.

b. Pd xay dwng chwong trinh tinh toan két cdu hé thanh theo phwong phap PTHH
khoang trong MatLab v&i cac tham sé vat liéu, hinh hoc, tai trong la tham sb khodng. Chuong
trinh st dung phép giai 1ap Krawczyk dé giai hé phwong trinh tuyén tinh khodng. Cac két qua
nhan dwoc xap xi v&i nghiém chinh xac va cé thé rng dung vao thuc té. Két qua tinh cho thay:

- Khoang nghiém tim duwoc theo phwong phap PTHH khoang kha gan véi nghiém giai
tich, da cai thién dang ké so v&i khodng nghiém tim dwoc theo sw mé rong “tw nhién” cia
phuwong phap PTHH théong thudng.

- Méc dau két qua tinh chuyén vi nut theo chwong trinh cé sai sb so v&i két qua giai tich
nhwng két qua tinh trng lwc hay (ng suét trong cac phan t& theo chwong trinh & xap xi voi
nghiém gidi tich. D6 la do trong cac bai toan nay thi rng lwc khdng phu thudéc vao médun dan
hdi E va dién tich tiét dién A, mémen quan tinh /. Vi vay, dbi véi cac bai toan nay, khi chi can
xac dinh &ng lwc ma khéng can xac dinh chuyén vi, ta ¢ thé chon cac tham sb E, A, [ la cac
gia tri diém gitra khoang dé viéc tinh toan don gidn va nhanh hon.

- Khi cac tham sb lién két, médun dan hdi, dién tich tiét dién, tai trong déu 1a cac gia tri
khoang thi két qua tinh toan 1a khoang rong hon so véi trwéng hop chi cé tai trong 1a dai lwong
khoang.

- Khi tinh toan két cdu theo phwong phap PTHH khodng, ta can lwu y dén d6 nhay cam
clia tivng tham sé két cAu dé co6 khoang két qua phu hop.
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