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Tém tat: Bai bao trinh bay cac nghién ctru vé phuong phéap PTHH khodng dé mo ta céc yéu té khdng chdc
chdn cda két cau la nhiing sé khodng bi chdn trén va chan dudi nhung khéng gén voi mét cau tric xac suét
nao. Tirdo, tac gid da ting dung vao viéc phén tich két cau thanh véi cac tham sé vét liéu, hinh hoc, lién két
va téi trong la céc tham s6 khodng. Céc két qua nhan duwgc xap xi véi nghiém chinh xac va cé thé ing dung
vao thurc 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.modau

Khimé hinh héa va phan tich két cAu, ta thwérng gap trwérng hop cac sb liéu vé vat liéu, hinh hoc, lién
két, tai trong cling nhw chinh viéc mé hinh héa va phan tich két cdu c6 chira nhiéu yéu td khéng chéc chan,
dan dén cac phan (rng clia hé cling la nhirng yéu té khéng chéc chan. Madc di mé hinh xac suét va théng
ké da dwoc xay dwng kha day du va rd rang, nhung trong cac trwérng hop sb liéu khéng dd, khéng ré rang,
khéng dwoc phan loai,... thi ngudi ta phai chuyén sang sir dung cac mé hinh phi xac suét nhw ly thuyét tap
mé [5-6, 18], phwong phap khodng [8, 10-13, 15-17], mé hinh 1i [9, 16-17], Iy thuyét nhan chikng [6, 9],...
la phu hop hon dé mé hinh héa cac yéu té khéng chéc chén.

Nhirng nam gan day da cé nhiéu nghién clru quan tam t&i viéc mé hinh hoa va phan tich két ciu cé
xét dén cac yéu td khdng chac chan trén co sé phat trién phwong phap phan tl hiru han (PTHH) khoang
va phuong phap PTHH mé [11, 16-17]. Viéc phan tich PTHH mé cé thé chia ra thanh moét loat cac phan
tich PTHH khoang v&i cac mirec mé khac nhau, vi vay, phuwong phap PTHH mé cling la sy mé réng cla
phuwong phap PTHH khodng. Nhi'ng nam 1990 Ia thei ki bat dau nghién clru phwong phap PTHH khoang
trong co hoc va da dat mot s6 két qua nhat dinh trong linh virc phan tich tinh va dong két cu, Iinh vire dia
ki thuat va truyén nhiét,...[11, 16-17]. Phuwong phap PTHH khodng co thé xem nhw 1a phan mé réng cla
phuwong phap PTHH théng thuwéng. Sw khac nhau co ban 13, trong phwong phap PTHH khodng mét s
tham sé nhu médun dan hdi, 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 lweng khoang, do dé, phan (rng clia hé bao gém (rng suét,
bién dang, chuyén vi,... cling la ham cla cac dai lwgng khoang. Bai toan dat ra la can phai danh gia chinh
xac khoang cac phan (rng clia hé.
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Néu chi co tai trong la tham sé khoang thi ma tran dé cirng K khéng bao gdm cac sé khoang nén ta
c6 thé tim dugc chinh xac ving phén (rng ctia hé. Mullen va Muhanna [16-17] da phat trién mét thuat toan
dwa trén sé hoc khoang dé tinh phan (rng cla két cdu chiu nhirng dang tai trong bét loi nhat. Tl nghién
ctru cGa Mullen va Muhanna, Saxena [11,16] da nghién ctru tat cd nhirng dang tai trong cho nhiing két
cAu lén va phire tap. Pantelides va Ganzerli [11,16] d& st dung phwong phap chéng chéat nghiém dé giai
nhi*ng bai toan dan hdi tuyén tinh vai tai trong khodng va nghiém thu dugc tring véi nghiém cia Mullen
va Muhanna. Béi véi cac bai toan véi nhiéu tai trong khodng, phuong phap chéng chat nghiém lai tré nén
kém hiéu qua. Trong trueérng hop téng quat, khi ca ma tran do clrng K va véc to tai trong p 1a cac dai lwgng
khodng, thi dé chinh xac khodng phan trng clia hé 1a khé dat dwoe hon. Do dé, ta cAn quan tam dén viéc 1a
lam thé nao dé danh gia dwoc khodng chinh xac cho phan (rng thue clia hé.

O Viét Nam, phwong phap PTHH khoang da duoc tac gia Tran Van Lién budc dau nghién ctru va
(rng dung vao trong tinh toan coéng trinh [2-4]. Trén co s& tim hiéu va (rng dung phép giai lap Krawczyk dé
giai hé phuong trinh tuyén tinh khoang, tac gia da tinh toan mét s hé thanh chiu kéo nén véi cac tham sbé
vat liéu, hinh hoc va tai trong 1a c4c dai lwong khodng. Cac két qua nhan duoc 1a kha gan véi nghiém giai
tich. Tuy vay, viéc nghién ctru (rng dung ly thuyét khoang cho cac két ciu phirc tap hon nhuw khung, thm
con chua dwgc nghién clru. Di véi bai toan dong lwe hoc céng trinh, tac gia Phung Quyét Thang [7] da co
mot s6 két qua nghién clru burdre dau vé viéc xac dinh phan (rng déng clia hé két cAu co motbacty do vai 5
tham sé 1 cac s6 khodng dia trén mé hinh Taylor véi thuat toan VSPODE clia Stadther.

Bai bao nay trinh bay cac nghién ctu vé phuong phap PTHH khoang dé mé ta cac yéu té khéng
chac chan la nhivng s6 khoang bj chan trén va chan dudi nhwng khéng gan véi moét cAu tric xac suét nao.
Tlr d6, tac gid da (rng dung vao viéc phan tich két ciu thanh chju uén vai cac tham sé vat liéu, hinh hoc,
lién két va tai trong la cac tham sé khoang. Céac két qua nhan dwoc xap xi véi nghiém chinh xac va cé thé
(rng dung vao thyc té.

@ 2.Dic diém cua dai sb khoang va cia phwong phap PTHH khoang

a. Béi v&i cac ham sb ma tham sé khoang xuét hién nhiéu hon mét |an thi sé xay ra bai toan phu
thuéc gay ra sy mé réng khoang qua mirc. Néu bang cach nao dé ta giam duoc sé lan xuat hién ctiatham
sb khoang, thi ta c6 thé tranh dwoc bai toan phu thudc va thanh céng cla phép phéan tich khoang phu
thudc vao viéc sy gidm bét sy phu thude. Chéng han, hamsé f (X ) =X —X véi x € [— L, l] ,bang cach
danh gia thdng thudng, ta nhan dwoce ving gia tri trén khoang [— 1 1] la:

f=x—x=FL1F -[L1]=0, 1 FLi]=[1.2]
Matkhac, ta co thé viét: {f(x) =x*—x=(x-0.5)° —0.25‘)( € [— 1, 1] }= [— D285, 2]

Nhw vay, viing gia tri ham s khoang fcé bao ham ving gia tri chinh xac, nhung né dwa ra gia tri can
dwoilaquardng tlr-0.25tGi-1.

b. Khi thay thé cac tham sé va phép toan trong phwong phap PTHH théng thwéng bang cac tham
s6 khoang va phép toan khoang twong (rng sé mang lai két qué la khodng nghiém qué réng, khéng con y
nghia thuc té. D6 la do sé hoc khodng xem rang, tét ca céc hé s6 khodng trong ma trén do ctng thay doi
déc lap trong khodng gia tri clia chung. Bac diém nay c6 anh ero'ng |&n dén wec xay dung phu’o=ng phap
PTHH khoang. D& phwong phap nay cho nghiém gan dung tot nhét thi ta can giam sé lan xuat hién cia

cting mét bién khodng trong tinh toan va chi st dung sb hoc khodng khi cén thiét, cang muén cang tét
[11,186].

(® 3.Phwongphap PTHH khoang
3.1. M6 hinh PTHH ctia thanh c6 lién két dan héi tai hai dau nat

Xét phan tlr thanh thang chiu kéo nén cé tiét dién khéng ddi A, chiéu dai L, mé dun dan héi E va cac
lién két dan hoi & hai dau thanh nhw hinh 1. Ky hiéu ¢,,, ¢,, 1a d clrng cla lién két dan hdi qui wéc, khi do
ma tran dé clrng va véc to tai trong quy ddi clia phan tir thanh nay cé dang [1]:

_ Pl _ EA/L -1 W _ el 1
K=K K0_1+EA/L+EA/L 11 PP =K>P (1)

Cu 1 CuZ
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trong dé K, va P la ma tran dd clrng va véc to tai trong quy vé nat clia thanh thang chiu kéo nén thong
thwérng, va matrén

> (1 0 EA( Ve =Yoo,
Rp 20 )

ul

2,
U, — Ui— —uU; U,
|

Hinh 1. M6 hinh PTHH thanh chiu kéo nén co lién két dan hdi tai 2 nat

Xét thanh thang c6 tiét dién khong dbi chiu udn véi cac lién két dan héi nhw hinh 2. Ky hiéu c,,, ¢,
C.., C,la dd cirng chia lién két dan hdi qui wée, khi d6 ma tran dd cirng va véc to tai trong quy déi clia phan i
thanh nay co dang [1]

K=K'K,;P"=K"'P (3)
trong d6 K, va Pla ma tran dd clrng va véc to tai trong quy vé& nat ctia thanh théng chiu uén théng thwéng,
vamatran

L

Hinh 2. M6 hinh PTHH thanh chju uén ¢ lién két dan héi tai 2 nat

0 12/e,, 6Lfc,, —12/c, 6L/c,
0| EI|6Ljc, 4L'[c, —6Lfc, 2L%[c,,
s [Hor

1

D\ =12e; =6lle, 1o, =6liey
6Lfc, 2L'[c, —6Lfc, 4L'/c,,

Khi gia thiét cac bién dang kéo nén va ubn 1a ddc 1ap nhau, ta nhan dwoc ma trén dé clrng va véc
to' tai trong quy vé nut clia phan tlr thanh thang co lién két dan hoi tai nat 1a td hop cla phan tir thanh chju
kéo nén va phan tr dAm chju ubn trong hé toa dé dia phuong.

3.2. Tdch cdc tham sé khodng trong ma tran dé cieng
Gia thiét mddun dan hdi E1a khéng chéc chén, thé hién bang tham sé khoang £ =[E, E] hayla
E=E(+0) (5)

voi E 1adiém gitra clia E; d la nhan tr khoang ctia E
E= %(E"‘E)ﬁ =(E/E)-1 =[—md(E)/E, rad(E)/E];md(E):%(E—E)
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Ta nhan dwgc ma tran dd cirng khoang k ctia PTHH g(“)m phan xac dinh E la ma trén do cirng xac
dinh theo gia tri diém gitra £’ béng phwong phap PTHH théng thudng va phan khoang kd
k=k(I+d) (6)

V@illamatran don vi; dla matran dwdng chéo khoang, goila ma tran nhan tir khoang

d =diagl® --- 0) (7)

Khi cac tham sé khac nhw chidu dai thanh, bé day tAm, dién tich tiét dién, dé clieng chéng uén, ... 1a
tham sé khoang, ta cling c6 thé biéu dién ma tran dé clrng clia PTHH dwéi dang (6).

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

Trong phwong phap PTHH khoang, viéc ghép cac ma trén d clrng cla tivng PTHH vao ma tran do
clrng cha két cAu nhu phwong phap PTHH théng thudng sé dan dén bai toan phu thude vi rdng hai hé sb
K, va K, nao do6 co thé xuét phat tir ciing mét phan tir, do vay, ching phu thudc 1an nhau nhieng sb hoc
khoang khéng thé tw déng nhan biét dwoc sw phu thudc nay.

Dé khac phuc khé khan nay, Muhanna va Mullen da dé xuét phwong phép tach tieng phén tr
(element by element - EBE) trong qué trinh tap hop cac phan tir theo phwong phap PTHH khoang. Tw
twéng co ban cta phwong phap nay la tach réi cac PTHH, xem nhw khdng cé bat ki mot lién két nao gitra
cac phan tir dé tranh dwoc sy phu thudc trong qua trinh tap hop phan ti. Dé két nbi cac phan tir va khiy
tinh suy bién ctia ma tran K, ta can dwa thém vao cac diéu kién rang budc va diéu kién bién theo phuong
phép ham phat. S& phat phai dd 1&n dé théa man cac didu kién nay nhung khéng dwoc qua lén lam cho
phwong trinh can bang tré nén khéng én dinh.

Déi voi cac diéu kién rang budce va didu kién bién co dang eu—g=0 trong dé ¢ va g la hdng sé, ta dua
vao ham sb t=cu—q, khi d6 cac diéu kién rang budc va diéu kién bién dwgc thod man néu t=0. Di véi bai
to&n dan hdituyén tinh tinh, khi bd sung thém lwong phat L A m‘ Nei 1 lamatran du’omg cheo cla nhwng
s6 phatn, vao phiém ham thé nang toan phan I1 = L uTKu u p taco [T TKM u p + ; ! nt

T diéu kién dirng ctia phiém ham IT 1a 8IT =0, tanhan duoc (K + Q)u = p+ cTr,vq (8)
Trongdé QO = CTI?C goila ma tran phat. Déi véi cac diéu kién rang budce va diéu kién bién trong md
hinh EBE cé dang cu = 0va g =0, phuong trinh (8) dwa vé dang don gian hon
(K+Qu=p (9)

Phwong phap ham phat cé wu diém la dé st dung, viéc bé sung sb phat vao ma tran dé cirng
cla két cau la don gian va khong doi hdi phwong trinh bé sung.

3.4. Taitrong nat khoang

Gia thiét tai nat chung i cta t phan tir khac nhau trong két cau cé dat tai trong ngoai p, . Nut chung i
nay sé xuat hién & rphén tlr khac nhau trong mé hinh EBE véi cac nuttwong tenglai, ..., j, vataitrong dat
tai cac nut nay la pi,, ..., pi. Khi p, la xac dinh, pi, ..., pi, c6 th& duwoc lwa chon mdt céach

tiy y mién la thod man d|eu kién p, = Zp Khi p, 1a dai lwong khéng chac chan va bién thién trong
khoang p,, ta cop,; = Zpl pé g|am sb lwong bién khodng trong tinh toan, ta cé thé chon tai
trong khoang hoan toa‘a’ﬁl dat tai mot nut, nhirng nut con lai tai trong dat béng 0
P, =D;
= Ovéij=2,..,t

(10)

(® 4.Phantichkhungsiéutinh

Khung phéng gf“)m 3 thanh co diéntich A, A,, A,; m6 dun dan hdi E, mémen quan tinh /,, 1,, I,; chiu
tai trong tap trung P, tai trong phan bd g nhuw trén hinh 3a. Bai toan dat ra 1a xac dinh chuyén vinut va lwe
doc trong cac thanh theo phwong phap PTHH khoang vé&i mo hinh EBE (hinh 3b) va so sanh véi nghiém
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giditich twong (rng véi cac trvong hop:

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

2. Khi E, A, | 1a gia trj diém; P, g |a cac gia tri khodng: E=2.10"(kN/m’);
A=A,=0,03(m’); 1,=15.10"(m"); A,=0,035 m"; P=[395, 405] kN, q=[45, 55]kN/m

1=1,=12.10° (m");

3.Khi E, A, I, P, qa gia tri khodng: E=[1.9, 2.1.10" (kN/m?); 1,=1,=[11, 13].10° (m"); A,=A,=[0.029,
0.031(m’); 1,=[14, 16].10°(m"); A,=[0.034, 0.036]m’: P=[395, 405] kN, q=[45, 55]kN/m

U5 US Ull
-3
N s
U > >
4 0, 10
U,
-
U,
D / l}Ul
3m

b)

Hinh 3. Khung siéu tinh cé lién két tuyét déi cumg
Viéc xac dinh sé phat dwa trén yéu cau két qua tinh chuyén vi theo PTHH khodng phai trung véi két
quaé giai tich khi cac tham sé dau vao la diém. Trong bai toan nay bang viéc thir nhidu Ian, ta chon dwoc sé
phat nam trong khoang 10" dén 10 1a phu hop. Néu chon sé phat qua Ién ( #210), phuwong trinh can
bang tré nén khéng 6n dinh va gay ra sai sétlon.
Bang 1 va 2 thé hién so sanh két qua tinh chuyén vi va &ng lrc nat theo phwong phap PTHH
khoang va theo nghiém giaitich ing khi E, A, I |a gia tri diém; P, g 1a cac gia tri khoang

Bang 1. Két qua tinh céc chuyén vj nut

Nt Nghiém giai tich Nghiém chuong Nt Nghiém giai tich Nghiém chuong
(m) trinh (m) (m) trinh (m)
u, | [0.0000, 0.0000] [ 0.0000, 0.0001] u, [ 0.2826, 0.2914] [0.2824, 0.2992]
u, | [0.0000, 0.0000] [ 0.0000, 0.0001] u, [0.2088, 0.2154] [0.2086, 0.2156]
u, | [-0.0000, -0.0000] | [-0.0001, -0.0000] u, [ 0.0068, 0.0086] [ 0.0067, 0.0086]
u, | [0.2846, 0.2934] [ 0.2844, 0.2990] u, [ 0.2826, 0.2914] [ 0.2824, 0.2992]
u, | [0.0001, 0.0001] [ 0.0000, 0.0002] U [ 0.2088, 0.2155] [0.2086, 0.2156]
u, | [-0.0308, -0.0297] | [-0.0312, -0.0293] u, [ 0.0068, 0.0086] [ 0.0067, 0.0086]
u, | [0.2846, 0.2934] [ 0.2844, 0.2990] u, [ 0.0000, 0.0000] [ 0.0000, 0.0001]
u, | [0.0001, 0.0001] [ 0.0000, 0.0002] u, | [-0.0000, -0.0000] | [-0.0001, -0.0000]
u, | [-0.0308, -0.0297] | [-0.0312, -0.0293] u, | [-0.0000, -0.0000] | [-0.0001, -0.0000]
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Bang 2. Két qua tinh céc tng luc nit

Phan tor Ung luc Nghiém giai tich Nghiém chuong trinh
Nc (kN) [ 9.9385, 21.5013] [ 9.0677, 22.3722]
Qc (kN) [-103.3299, -100.3354] [-105.6515, -99.9457]
Mc (kNm) [-223.4596, -219.1580] [-224.8998, -218.5814]
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]
Qn (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]
Qg (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 viva (ng lwc nat (bang 6) theo phwrong phap PTHH
khoang va theo nghiém giditich khi E, A, I, P, g la gia tri khoang.

Bang 3. Két qua tinh chuyén vi nit

Nt Nghiém giéi tich Nghiém Nit Nghiém giai tich Nghiém
(m) chuong trinh (m) (m) chuwong trinh (m)
Uy [0.0000, 0.0000] [ 0.0000, 0.0001] | u4o [ 0.2846, 0.2883] [0.2824, 0.2890]
uz [0.0000, 0.0000] [ 0.0000, 0.0001] | u4q [ 0.2091, 0.2128] [0.2086, 0.2156]
Us [-0.0000, -0.0000] | [-0.0001,-0.0000] | U4z [ 0.0068, 0.0078] [0.0067, 0.0086]
Ug [0.2855, 0.2880] [0.2844, 0.2890] | u4a [0.2846, 0.2883] [0.2824, 0.2890]
Us [0.0001, 0.0001] [0.0000, 0.0002] | U14 [ 0.2091, 0.2128] [0.2086, 0.2156]
Ug [-0.0304, -0.0263] | [-0.0312,-0.0293] | uys [ 0.0068, 0.0078 ] | [0.0067, 0.0086]
uy [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] | u4g [-0.0000, -0.0000] | [-0.0001,-.0000]
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Bang 4. Két qua tinh cac (ng lyc nut

Ung Iwe Nghiém giai tich Nghiém chuong trinh

Nc (kN) [ 10.0218, 20.1212] [ 0.2823, 31.1576]

Qg (kN) [-104.3788, -93.2622] [-111.3727, -89.4151]

Mc (kNm) [-226.6831, -203.9993] [-239.8279, -198.0345]

Na (kN) [ 10.0218, 20.1212] [ 0.2823, 31.1576]

Qa (kN) [-104.3788, -93.2622] [-111.3727, -89.4151]

Ma (kNm) [179.0494, 190.8323] [ 117.8327, 247.4560]
Na (kN) [-284.7378, -263.6212] [-294.3388, -254.2621]

Qa (kN) [ 10.0218 20.1212] [ 8.4, 39.8341]

Ma (kNm) [179.0494, 190.8323] [ 1447, 230.3]

Ng (kN) [-284.7378, -263.6212] [-294.3388, -254.2621]

Qg (kN) [ 202.0218, 212.1212] [ 183.6, 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]

Tir cac két qua trén, ta rit ra cac nhan xét:

- Trong cac trudng hop tinh toan, nghiém giai tich luén dwa ra két qua la mot khoang hep nhat so
véi cac két qua tinh theo chwong trinh. Khi chi cé téitrong P, g 1a dai lwong khoang thi két qua tinh chuyén
vinittheo chwong trinh tai mot sd natla tring véinghiém gidi tich. Trong ca hai trwéng hop thi két quatinh
chuyén vila xap v&inghiém giditich, nhwng két qua tinh luc cit, mdmen méi dirng lai & me gan dung.

- Khi médun dan héi, dién tich tiét dién, mémen quan tinh, tai trong déu la cac gia tri khoang thi két
qua tinh toan cac gia tri chuyén vi nat va rng luc 1a khoang réng hon so véi tredng hop chi 6 tai trong 14
dailwgng khoang.

Dé xét anh huéng cla cac lién két dan hdi dén sw phan bd ndi luc, ta xét khung phang trén hinh 4
véicacthamsb E, A, I, P. g la cac gia tri diém trong hai trwérng hop khao sat:

1. Lién két nat dan hdi voi cac gia tri diém: E=2.10"(kN/m?); 1,=1,=12.10° (m’); A,=A,=0,03(m");
1,=15.10°(m"); A,=0,035m"; P=400kN; g=50kN/m; ¢,=40000kN; co=1000kNm ....50000kNm

2. Lién két nat dan hdi vai cac gia tri diém nhuw trén nhung cq 1a gia tri khoang dé lwa chon khoang
phantich phu hop.
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2-D Frame Structure - Moment

N-,.,__-
1.5 2 25 3 3.5 4
cp (kNm)

Hinh 4. Khung siéu tinh c6 lién két dan héi Hinh 5. Sy thay déi mémen uén tai nit A
Hinh 5 thé hién s thay ddi mémen udn tai nut A cda thanh AB khi d clrng cola cac gia tri diém
thay déi tlv 1000kNm dén 50000kNm. Bang 5 thé hién két qua tinh toan mémen udn cling tai nat A cla
thanh AB v&i d clrng cela cac gia tri khoang khac nhau. Tanhan thay, khi do ctng lién kétdan hoi tanglén
thi mémen udn M, tién dan vé két qua trird'ng ho'p nit cleng tuyét ddi. Vé co ban, khi d6 cirng lién két dan
héi ¢, <20 EI/L =12000kNm ,noiluctrong kétcau thay ddi rat nhanh, khoang gia tri 6 cirng ¢ thay
ddi rat nhé ciing dan dén khoang két qua mémen uén M, thay ddi rat réng. Khi lién két dan héi véi dé clrng
Gy = 40 EI/L = 24000kNm | ngiluc trong két cau kha gan voi trrdng hop niit clrng tuyét doi, khoang

gla tri do clrng cthay dbiratrong nhung két qua khoang mémen udn M, lai thay dbi kha hep Do vay, trong
tinh toan két cdu can can nhéc ké dén anh hwdng cla lién két nat dan hdi cé dé cirng ndm trong khoang

¢, <20EI/L ,dacbiétcanlwuydén khoang xac dinh ciia do cing lién két dan hdi ce dé c6 khoang gia
tri két qua phu hop. Nghta |3, trong tinh toan két cAu theo phwong phap PTHH khoang, ta can lwu y dén do
nhay cam cla tirng tham sé két cAu dé cé khoang két qua phu hop.

Béang 5. Gia tri mémen uén M, véi do ciing co la céc khoéng gié tri

S6 liéu khoéng cq
(kNm)

Mémen udn tai A
(kNm)

S6 liéu khodng Co

(kNm)

Mémen uén tai A
(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]

[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.Kétluan

a. Phuong phap khoang mang lai mét cach biéu dién don gian, gon nhe va cé hiéu qua tinh toan
cao dbi véi cac yéu td khdng chac chan khi chi cé théng tin vé viing gia tri clia dai lwong nay ma khéng gan
mét cAu truc xac suat nao ca. Khi tinh toan khoang, can phai chi y dén déc diém bai toan phu thuéc la

sO 15
3-2013

TAP CHi KHOA HOC CONG NGHE XAYDU'NG




KET QUA NGHIEN CUU VA UNG DUNG

nguyén nhan co ban dé dan toi két qua khéng chinh xac, tir d6, phai cé cach xir ly thich hop nhu tach tham
s6 khoang, dung mé hinh EBE,... Ddng théi chi thwe hién phép tinh sb hoc khoang khi that can thiét, cang
mudn cang tot.

b. Da xay dung chwong trinh tinh toan két ciu hé thanh theo phwong phap PTHH khoéng trong
MatLab v&i cac tham sé vat liéu, hinh hoc, téi trong la tham sé khoang. Chuong trinh st dung phép giailap
Krawczyk dé giai hé phwong trinh tuyén tinh khoang. Cac két qua nhan duoc xap xi véi nghiém chinh xac
va c6 thé (rng dung vao thuc té. Két qua tinh cho thay:

- Khoadng nghiém tim dugc theo phwong phap PTHH khodng kha gén véi nghiém gidi tich, da cai
thién dang ké so voi khoang nghiém tim dwoc theo sy mé réng “tw nhién” clia phwong phap PTHH théng
thuwérng.

- Mac dau két qua tinh chuyén vi nit theo chwong trinh cé sai sb so véi két qua giai tich nhung két
qua tinh (rng lwc hay (ng suét trong cac phan tir theo chwong trinh 1a xap xi véi nghiém gidi tich. D6 la do
trong cac bai toan nay thi &rng lwc khéng phu thudc vao médun dan hoi E va dién tich tiét dién A, mdmen
quan tinh 1. Vi vay, déi véi cac bai toan nay, khi chi can xac dinh (rng e ma khéng cén xac dinh chuyén vi,
ta co thé chon cactham sé E, A, I1a céc gia tri diém gika khoang dé viéc tinh toan don gidn va nhanh hon.

- Khicac tham sé lién két, mddun dan héi, dién tich tiét dién, tai trong déu la cac gia tri khoang thi két
quatinhtoan la khoang réng hon so v&i tridng ho'p chi cd tai trong la dai lwgng khoang.

- Khi tinh toan két cAu theo phwong phap PTHH khoang, ta can lwu y dén d6 nhay cdm cua tirng
tham sé két cdu dé co khoang két qua phu hop.
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