XAY DUNG MA TRAN KHOI LUGNG TUGNG PUONG

PHAN TU THANH LIEN KET PAN HOI CO KHOI LUGNG PHAN BO
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Toém tat: Khi phdn tich két cdu chiu tdi trong dong can thiét phdi xdc dinh ma tran khoi

luong. Phuong phdp don gidn nhdt dé xdc dinh ma trdan khoi luong la dua khoi luong phdn

b6 vé khoi luong tdp trung & mot s6 diém niit ¢6 chuyén vi thing duoc xdc dinh va su phdan

phoi khoi luong vao cdc nit nay bang phuong phdp phdn lic trong tinh hoc. Trong bai bdo
nay tdc gid trinh bay mot phuong phdp xdc dinh ma tran khoi luong tuong duong cua phdn
tir dam hai dau lién nita cing c¢6 khoi luong phdn bé dua trén cdc ham dang ciia phan tii.
Uu diém cua phuong phdp khoi luong tuong duong nay la lam giam duoc sé phdn tir trong
hé nhiéu bdc tu do va lam tang do chinh xdc cua 101 gidi.

1. M6 dau

Lién két nira cing trong két cau thép co
¥ nghia thuc tién, cac nghién ctu vé tng st
cua loai két cdu nay doi voi tai trong dong
con han ché&, méi chi xét bai toan phan tich
két cdu thanh lién két nlra ciing dugc mo
phéng bing mot 10 xo cho chuyén vi géc,
c6 khoi lugng tap trung, truong hop khoi
lugng phan bd dugc dua gan ding vé mot
so0 khoi lugng tap trung theo quy tdc phan
luc song song.
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Hinh 1. Phén tr thanh ¢6 lién I;ét dan hoi.

Trong thuc t€ thuong gap két cau hé
thanh lién két nira cting c6 khai luong phan
b, cho nén ngoai ma tran do ciing con can
thiét phai xay dung ma tran khai lugng [1].
Trong bai bdo nay tic gia dé xudt mot cach

xdac dinh ma tran khoi lugng tuong duong
ctia phan tr thanh [5] hai dau lién két dan
hoéi v6i mo hinh ba 10 xo [2], hinh 1.

2. Ma tran khoi luong tuong duong phan
tir thanh hai dau lién két dan hoi
2.1. Ma trdn khéi luong M, ciia phdn tie
thanh cé lién két dan hoi

Ma tran khoi lugng M, cua phan tir thanh
c6 lién két dan hoéi tuyén tinh c6 dang:

M =[m;] V6ii,j=1+6 (1)

trong dé IY]Z (i,j =1+6) 1a cac phan tt cia ma
tran khéi luong dugc xac dinh theo cong thiic

[3]:
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trong d6 m(x) la khoi lugng phan bg trén
mot don vi dai; vi(x) la ham dang cua phan
t thanh c6 lién két dan hoi. Sau khi thuc
hién phép tinh tich phan phuong trinh (2), ta
duoc cdc phan tir ctia ma tran khéi lugng
tuong duong M, .

2.2. Ham dang ciia phan tii thanh cé lién
két dan hoi

Xét phan tu thanh chiéu dai 1a L, c6 khéi
lugng phan bo déu m, lién két dan hoéi & hai



dau dugc mo ta bang ba 10 xo trong mat
phang (x,y) (hinh 1), phuong trinh ham
dang dugc thiét lap bang phuong phép
chuyén vi don vi [4].

a) Ham dang theo phuong doc truc thanh.
Phuong trinh bién dang doc v(x) cua
phén t& thanh ¢6 dang tong quat:
3)
trong d6 a, va a, la cac hé s6 xac dinh tr
diéu kién chuyén vi & hai dau thanh véi
chuyén vi bang don vi thi phuong trinh (3)
la ham dang cua phan tir thanh, hinh 2.
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Hinh 2. Diéu kién chuyén vi doc truc
6 hai dau phan tu.
Cho dau 1 chuyén vi bang don vi, ta c6:
Vixzoy = 1= KI'N”

Vix=L) = klzlﬁ* 4)

Sau khi thay diéu kién bién (4) vao cong
thitc (3), ta xac dinh dugc ham dang phan
tir thanh ¢6 hai dau lién két dan hoéi v,(x).
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vi(x) =1-k k1 5 (5)
Tuong tu, véi dau 2 ta co:
va(x) =kj ks +MX (6)

trong dé6: k', ki - do mém 10 xo chong
chuyén vi doc truc thanh;

ki1, kas- cdc phan t cua ma
tran do ciing K, cua thanh hai dau lién két

dan hoi trong hé toa do dia phuong.
b) Ham dang theo phuong vuong goc truc
thanh

Phuong trinh bién dang cua phan tlr theo
phuong vudng géc truc thanh 1a v(x), bao
gom thanh phan do moémen uén M va do
luc cédt Q ¢6 dang sau:
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Luu ¥ rang, khi 1ay dao ham bac nhit
phuong trinh (7), da bd qua thanh phan bién
dang do luc cét Q [6]. C4c hé s6 a; (i=3+6)
duoc xac dinh tir diéu kién chuyén vi tai hai
dau thanh, hinh 3.
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Hinh 3. Bién dang ctia thanh do chuyén vi
théang bang don vi & dau 1

V'(x) = a, +2asx +3a,x>

EJ=const

2 25

Cho ddu 1 chuyén vi thang bing don vi, ta
co:

Vix=0) = l—klv\_/l* s

Vix=0) = _klel\_/q ’

Vix=L) = kZ\_G“ ’
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phuong trinh ham dang v,(x) cta phan t
thanh hai dau lién két dan hoi tuyén tinh.
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Biéng cédch tuong tu, ta ¢6 ham dang v,(x), v5(x) va v(x):

va(x) = —k ka2 + (1 - k%K )x J{ -

2L(1+®) 4iL(1+ @)

kleE33 —kgE% -1 3(l—k19E33 —kgE%) . k¥£3z +k‘2'£35 sz N



1=Kk —kOkae kY ks +kykas
L*(1+®) 6iL2 (1+ D)

J(ﬁ -0,50x),

. . e_* _ e_* e_* e_* V_* V_*
vs(x) = k! Ks2 k¥ ke {kl kss —kokse  6+3LGk kss +kokse)  kiksa +kakss };2 -

2L 207 (1+ @) 4L(1+ D)
e_* e_* V_* v_*
N 2+L(k;k53 +k1k56)+k1 k5§+k2k55 (X3—0,5®X)
L'(1+®) 6iL° (1+ D)
— - keE* _ke]:* 1 ]—ke];* _keE* kVE* kvi*
Ve (x) =k} ka2 kY Keax + | ——2 =2 66 +1 _3(1-kikes —kokes) ki .62+ 2kes | 2
2L 2L(1+®) 4L(1+ D)
1-K%es —k%kes  k'kea +KkYKe
| et ARETRES (g 50x) . (11)
L (1+®) 6iL* (1+ D)

trong d6 ki (ij = 2, 3, 5, 6) 1a cac phan tir cha ma tran do cing K cta phén tir thanh ¢6

lién két dan hoi ba 10 xo [2].

3. Vi du bang s6

Xac dinh ma trdn khoi luong tuong
duong va chu ky dao dong riéng dau tién
ctia ddm don mit cit déu, thanh c6 chiéu
dai L=4m, hai dau lién két dan hoi c6 do
mém chong xoay k®=5,0.10"rad/kN.

ti€t dién chit I c6 dién tich A=1,2.10"m?
momen quin tinh J=1,98.10°m*, vat liéu
thép c6 trong luong rieng g=7,85T/m’,
E=2,1.10°%kN/m?, v=0,3.
Két qua tinh toan cho & bang 1.

Bang 1. Ma tran khai lugng tuong duong M, va chu ky dao dong riéng ctia dam

Gia tri 1. Thanh lién két ngam & hai dau 2. Thanh lién két dan hoéi & hai dau
k®=k"= k=0, kW= k=0, k®=5,0.10*rad/kNm
M, Boqua Q | KédénQ | Chénh(%) Bb qua Q Ké dén Q Cheénh(%)
ﬁzz 13.90630 13.88890 0.125 13.85790 13.84170 0.116
ﬁ; 7.84457 7.82339 0.270 7.72139 7.70168 0.255
ﬁ; 4.81371 4.83106 -0.360 4.86208 4.87828 -0.333
ﬁ; -4.63543 -4.65661 - 0.456 -4.63021 - 4.64992 -0.425
ﬁ; 5.70514 5.68479 0.356 5.56047 5.54647 0.251
ﬁ; 4.63543 4.65661 -0.456 4.63021 4.64992 -0.425
ﬁ; -4.27886 | -4.29421 -0.358 -4.21951 -4.23316 -0.323
ﬁ; 13.90630 13.88890 0.125 13.85790 13.84170 0.116
ﬁ; - 7.84457 - 7.82339 0.270 -7.72139 -7.70168 0.255
526 5.70514 5.68979 0.269 5.56047 5.54647 0.251
T,(s) 21.0460 21.4497 -1.918 37.2553 37.4792 -0.601
Ghi chi: Cdc gid tri ¢ ¢ot 2, 3, 5, 6 da nhdan vai 1000, cdc gid tri ciia cdc phdn tit con lai
ciia ma tran khoi lugng tuong duong bang 0; gid tri chu ky dao dong riéng ddu tién J cot
2 hang cudi cang, cé 1oi gidi gidi tich la T,=0.021362(s) [1].




4. Két luan

- Thuat toan xay dung ham dang va ma
tran khoi lugng tuong duong M, clia phan tir
thanh hai dau lién két dan hoi c6 khoéi lugng
phan b do tic gia dé xuét da 1¢i dung duoc
ma tran do cing K, da biét nén rat thuan
tién.

- Ham dang va ma tran khoi lugng

- Qua két qua tinh todn bang so, chu k¥
dao dong riéng cta dam don hoan toan
tring khép v6i 10i gidi giai tich [1] va 10i
giai cua SAP2000 nén thuat toan xac dinh
ma tran khoi luong tuong duong M, do
tdc gia dé xuat c6 du do tin cay.

- Phan mém SAP2000, ma tran khoi
lugng phan b6 dugc quy vé nit, bo qua

luc quan tinh ctia chuyén vi xoay. Nén dé
c6 10i giai chinh xdc so véi [1] can chia
thanh ra lam 40 phan tu.

- V6i phan tlr thanh ¢6 ty s6 gitta chiéu
dai va chiéu cao tié€t dién 16n hon 8 thi
anh hudng cua luc cat dén gid tri cha phan
tlr trong ma tran M, la khong déng ké.

tuong duong M, trong trudng hop dic biét
nhu thanh hai dau ngam, mot dau ngam mot
dau khép hoac hai dau khdép hoan toan
tring khép két qua cla phan to thanh
Bernoulli khi khong ké dén anh hudéng cta
luc cét hodc phan tir thanh Timoshenko khi
c6 ké t6i anh hudng clia luc cét.
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Abstract
CONSISTENT MASS MATRIX OF DISTRIBUTED MASS
BEAM ELEMENT WITH LINEAR ELASTIC CONNECTIONS

When analyzing structures subjected to dynamic loadings, it is necessary to
determine the mass matrix of these systems. The simplest procedure for defining the mass
matrix of any structure is to assume that the distributed mass is concentrated at the points
at which the translational displacements are defined and the distribution of the mass to
these points being determined by static, in this case the result of problem depend on the
number of lumped-mass. This paper deal with a procedure establishing the consistent
mass matrix of distributed mass beam element with semi-rigid connections at the ends,
based on the shape functions of beam. The convenience of consistent mass procedure
greatly reduce the element to a MDOF system and augment the exact degree of solution.



