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TOM TAT

Muc tiéu cua nghién cuu la phdn tich dong luc hoc cua hé thanh
khong gian bang phwong phdp dé cung dong luc. Cdach xdy dung
cdc ma trdn do cung dong luc cia phan tir thanh thing chiu lec
doc truc, chiu xodn va chiu uén cé xét dén anh hieong cia hee doc
nén trong thanh dwoc trinh bay trong nghién ciru. Cac ma trdn trén
dege sir dung dé xdy dung ma trgn do ciing dong huec cho phan tir
thanh chiu lyc tong qudt va vmg dung nd vao viéc phan tich dong
luc hoc cua hé thanh khong gian. Piéu ndy bao gom viéc tim tan
s6 dao dong riéng va cac dang dao dong riéng, phan tich chuyen
Vi ciia két cau khi chiu tai trong dong dang diéu hoa. Céc két qua
tinh toan cua phwong phap do cung dong lyc diroc so sanh voi cdc
két qua ciia phirong phdp phan tir hitu han cho thay @ chinh xdc
cua phwong phap do cung dong luc.

Tir khéa: Dao dong, khung khong gian, ma tran do cirng dong luc,
ma trdn do cung hinh hoc, tan so dao dong riéng

ABSTRACT

The main purpose of the study is to analyze the dynamics of space
frames using the dynamic stiffness matrix method. The research
presents the construction of dynamic stiffness matrices for straight
frame elements subjected to axial force, torsion, and bending,
taking into account the effect of the axial compressive force on the
frame. These matrices are used to develop the dynamic stiffness
matrix for generalized frame elements and apply it to the dynamic
analysis of space frame systems, including determining natural
frequencies and mode shapes, as well as analyzing structural
displacements under harmonic dynamic loading. A comparison of
the results obtained using the dynamic stiffness matrix method with
those obtained using the finite element method demonstrates the
accuracy of the dynamic stiffness matrix method.

Keywords: Dynamic stiffness matrix, geometry stiffness matrix,
natural frequencies, space frame, vibration
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1. GIOI THIEU

Dao dong riéng cua cong trinh, v6i hai dac trung
1a tin sb dao dong riéng va dang dao dong riéng, do
1a nhimg déc trung dong hoc quan trong trong thlet
ké va phan tich két cau cong trinh. Viéc cac tan sb
dao dong riéng va dang dao dong cia cong trinh
dugc xac dinh chinh x4c gitp cic k¥ su thiét ké cac
cong trinh an toan hon va bén viing hon trudc cac
tac dong dong luc.

Phuong phap phan tir hiru han (FEM) 1a mot
cong cu rat manh mé va linh hoat trong viéc phan
tich két cAu, no da dugc phat trién nhanh chéng va
mg dung giai quyét rat nhiéu bai toan co hoc. Tuy
nhién, FEM c6 mot nhuoc dlem trong bai toan phan
tich dong luc hoc cua két cau: FEM st dung ham
dang la truong chuyen vi tinh dé xap xi chuyén vi
cuia két cau, bo qua yéu t6 dong luc khi mo ta Ung
xir ctia két cAu trong cac bai toan dong luc hoc tong
quat. Do do dé dat d6 chinh xac mong mubn, FEM
can phai roi rac két cau thanh nhiéu phan tir nho.

Tir cic van dé vira néu, mot phuong phap co6 thé
khic phuc duoc nhuoc diém trén cia FEM da dugc
phat trién, d6 1a phuong phap do cimg dong luc
(Dynamic Stiffness Method — DSM). DSM duogc ra
doi véi muyc dich chinh 1a st dung ham dang ctia
phan tir hitu han sao cho truong chuyén vi dong cia
n6 thoéa min phuong trinh cin bang dong. Didu nay
giup tang d6 chinh xac trong phan tich dao dong cua
két cu.

Mot nghién ctru gan day cua Kumar and Jana
(2023) da ap dung DSM dé phan tich chinh xac dao
dong cua cac tim hinh chir nhat bién d6i theo ham
s1gm01d dat trén nén dan hoi. Két qua tir nghién ctru
nay cho thdy do chinh xac cta phuong phap trong
viée xu ly cac sy bién d6i phuc tap vé vat liéu va
tuong tac voi nén mong. Trudc do, Banerjee (2003)
da st dung DSM dé phan tich dao dong tu do cua
dam sandwich, bao gdm cac 16p mit ngoai climg va
16p 161 nhe. Ngoai ra, Banerjee and Williams (1992)
dd nghién ctru tng dung DSM de phan tich dam
Timoshenko chiu dong thoi uén va xodn. Cac
nghién ciru trong nuwdc gom c6 Tran (2005) di xay
dung ma tran do cung dong luc va vecto tai trong
nut cta phan tir dim chiu udn téng quat. Bén canh
d6, Do (2008) sir dung phuwong phap DSM dé phéan
tich tin s6 dao dong riéng cua cac hé thanh phang.
Ngodi ra, (Le et al., 2021) ciing d4 phan tich tim tan
sO dao dong riéng cua hé thanh khong gian bang
DSM. Viéc ap dung phuong phap DSM vao phan
tich dong luc hoc cia hé thanh khong gian, bao g6m
xéac dinh tan s va céc dang dao dong riéng cua két
cAu, ciing nhu phan tich chuyén vi ctia két cdu khi
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chiu tai trong dong dang diéu hoa, da dugc trinh bay
trong bai nghién ctru. Cac két qua trong nghién ciru
duogc xét trong hai truong hgp: c6 xét va khong xét
anh huong cua lyc doc nén trong thanh dén két qua
phan tich.

Ma tran d6 cung dong luc trong hé toa do dia
phuong trong truong hop khéng can cé dang (Tran,
2005):

D(w) = K(w) — w*M(w) D

Trong d6, K(w) va M(w) lan luot 1a ma tran do
clg va ma tran khdi luong ciia phan tir, ching phu
thudc vao cac dic trung hinh hoc, vét liéu cua phan
tr va tan so tai tic dong .

Bai toan xéc dinh tan s6 dao dong riéng ciia két
cAu trong phuong phap d6 cimg dong luc (DSM) 1a
mot bai toan tri riéng phi tuyén (Non-Linear
Eigenproblem). Trong trudng hop khong can va co
xét dén anh hudng ctia luc doc nén, bai toan tri riéng
phi tuyén nay c6 dang:

[D(w) — Dg(w)l{q} = {0} (2)

Trong d6, [D(w)] 1a ma trdn d6 cing dong luc,
Dg ((u) la ma tran do cing hinh hoc, {q} la vecto
chuyén vi niit ciia két cau.

2. PHUONG PHAP NGHIEN CUU

Dau tién, cic ma tran do cung dong lyc, ma tran
d6 cting hinh hoc cta cac ph?in tur chiu luc doc truc,
xodn va chiu uén dugc xay dung. Tiép theo, cac ma
tran trén dugc ghép ndi dé tao ma tran do cing dong
lyc, ma tran d§ cing hinh hoc cho ph?m tr thanh
khong gian. Cing trong phan ndy, gidi thuat
Wittrick — Williams ding dé xac dinh tin s dao
dong riéng cua két ciu duoc trinh bay.

2.1. Thanh chiu luc doc truc

Xét mot ph?m tr thanh thfmg chiu luc doc truc
nhu Hinh 1.

Hinh 1. Phin tir chiu lyc doc truc

Ma d¢ ctiing dong luc cua phﬁn tr thanh chiu luc
doc tryc (Le et al., 2021):
EA z,b

L sml,b

-1
cosy

voi: y 1a tham s6 dong luc cua thanh chiu luc
doc truc,

DA(w) = cos¥ 3)
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v=aff @

Ma tran d6 cung hinh hoc cia ph?m tur thanh chiu
kéo nén:

Theo phuong phép phéan tir hitu han, cac t‘hémh
phén cta ma tran d6 cung hinh hoc cua phan tir
thanh chiu luc doc truc dugc xac dinh nhu sau:

Dy = [ NG NGON/@ax (5)

Trong d6: N(x) 1a lyc doc cua phan tu,

N;, Nj la cac ham dang thuri va j.

Theo (Le et al., 2021), vector ham dang cua
thanh chiu luc doc truc:
simpé
siny

Trong d6: & 1a tham sd chiéu dai khong thu
nguyén cta thanh, § =¥/, .

Néu phan tir c6 lyc doc 1 hang sb N(x) = N, ta
tich phan (5) thu dugc ma tran dg ctng hinh hoc cua
phan tur:

N = [cosz)bf — cotgy.simpé

N 1 AZ
Dé(w)_ZLSL‘:szl/J j2 A1] (6)

Vi A =cosypsing + ¢P; Ao =—cosy — siny

Khi tin s @ — 0 thi ta nhan Qu’qc ma tran do
cung hinh hoc ctia phuong phap phan tir hitu han:

Nr1 -1
L [—1 1]
2.2. Thanh chiu xoin
Xét mot phén tir thanh chiu xoan nhu Hinh 2.

Q)

Hinh 2. Phan tir chiu xodn

Theo (Le et al.,, 2020), ma d6 cing dong luc cua
phan tir thanh ch1u Xoan:

GK, X

L sinx

cosx

D (w) = cosy

o] ®

Vi x 1a tham ) dong lyc cua thanh chiu x04n
duoc duoc xac dinh theo:
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Trong do:

— ¢ 1a gbc x0dn cua tiét dién,

— ply 14 quan tinh xo0dn trén mot don vi chiéu
dai, véi p la khoi lugng riéng cua vt liéu, o 1a
momen quan tinh ddc cyc cua tict dién,

— GK, 12 d6 cing chdng xodn cua tiét dién, voi
G la modul dan hoi trugt va K, 1a hang so xoan cua
mat cat.

Theo phuong phép phéan tir hitu han, cac t‘hénh
phén cua ma trdn d§ cing hinh hoc cta phén tir
thanh chiu xoan duoc xac dinh nhu sau:

I, (¢
Dgij = —f N(x) N{ (x)N; (x)dx (10)

Ay
Trong do:
N(x) 14 Iyc doc nén ciia phan tir
Ni, Nj la cac ham dang thtr i va j.
Theo (Le et al., 2020), vector ham dang cua
thanh chiu xoan:
sinxé
siny

N = [cosxf — cotgy.sinx¢

Trong d6: & 1a tham sd chiéu dai khong thu
nguyén cta thanh, § =¥/, .

Néu phan tir c6 lyc doc 14 hang sb N(x) = N, ta
tich phan (10) thu dugc ma tran d9 cing hinh hoc
cua phan tir thanh chiu xoan:
NI, x [B;
2AL sin?x LB

DE(w) = 5| av

V61 Bi = cosysiny + x ; B, =—ycosy — siny

Khi tin s @ — 0 thi ta nhan Qu’qc ma tran do
cung hinh hoc ctia phuong phap phan tur hitu han:

Nlo[ 1 —1] (12)

2.3. Thanh ch;u udn trong mit phing xy

Xeét mot phan tir thanh thang chiu udn trong mat
phéng xy nhu Hinh 3
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y
q‘r E 9129 p
_________________________ X
q2 1 L q‘¢

-.l
L}

Hinh 3. Phin tir chiu udn trong mit phing xy

Ma tran Q(f) cung dong luc cua thanh chiu udn
trong mat phang xy:

Fy —-F,L Fs F;L

El,|-F,L F,I* —FL FI?
D=7 i ke F, RL| D

KL FR1?2 KL FI?

Trong d6 cac ham F; (i=1+6) 1a cac ham tan sb:
F, = AlsinhA — sinl]/é
F, = A[sinAcoshA — cosAsinhA]/8
F; = 2%[coshA — cosA] /6

F, = —2%[sinhAsina]/6 (14)
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Fs = —A3[sinhA + sinA]/§
Fg = A3[sinAcoshA + cosAsinhl] /6
6 =1 — coshAcosA

Véi A 1a tham sb dong lyc cua thanh chiu udn,
duoc xac dinh boi:

0Aw? 1/4
/1=L( = ) (15)
zZ

Cac phﬁn tr cila ma tran d¢ cing hinh hoc dugc
xac dinh nhu sau:

Doy = [ N NN @dx (16)

Trong do:
N(x) 1a lyc doc nén ciia phén tu,
Ni, N;la cac ham dang thr i va ;.

Vi [N] la ma tran cac ham dang:

cosAE\ A3 = F,7 F,LA -F;A  FLA
1 i — 2 — —
[N] = — sinA¢ Fg LA*+ E,L Fs F;L 17)
2A3 JcoshA& | |23 + F,A —-FLA F;2 —F LA
sinhA& Fy LA? — F,L Fs F;L

Néu phan tir ¢6 luc doc 1a hang s6 N(x) = N,
dung cac ham dang (17) va sit dung Matlab dé tinh
tich phén trén ta thu dugc ma tran do cung hinh hoc
ctia phan tir chiu udn trong mit phang xy nhu sau:

G GGG
C C C C
Xy _ 2 5 6 7
Per@=le, ¢, ¢ o 9
C4 C7 C9 CIO

Vi cac hé sé Ci (i=1+10) duoc xac dinh tir tich
phén (16). Khi tan s6 @ — 0 thi ta nhin dugc ma
tran d6 cing hinh hoc cua thanh chiu udn trong

phuong phap phan tir hiru han:
36 3L -36 3L
N |31, 412 -3 -2
K, =— 19
¢730L[-36 —-3L 36 -3L (19)
3L  —-1? 3L 4I?

2.4. Thanh chiu uon trong mit phing xz

Xét phan tir thanh thing chiu uén nhu Hinh 4.

Z
Hinh 4. Phin tir chiu udn trong mit phing xz

16

Céc ma tran do cliing trong mat phé“ing xz clng
dugc xac dinh twong tu nhu trong mat phang xy.

Ma d¢ ctrng dong luc cua phan tr thanh chiu un
trong mat phang xz (Le et al., 2021):

F, F,L Fs —F,L
EL| F,L F,1? F;L F,I?
xz — 4 2 3 1
P*@ =7 r mL R -RL| @O
—-FL FI1? —-FKL  FI?
Véi F; (i=1+6) 1a cac ham tan s6 tinh theo (14),
1

i
phu thuéc vao1 =L (Mi)‘}.
E Iy
Ma trén d¢ ctng hinh hoc cua phan tir chiu uén
trong mat phang xz duogc xac dinh nhu sau:

Dy D, D3 D,
D, Ds D D
Xz — 2 5 6 7
DG (w) - D3 D6 D8 D9 (21)
D4 D7 D9 D10

Véi hé s6 D; (i=1+10) dugc xéc dinh tir tich phan
(16), vai cac ham dang phuy thudc vao tham so dong
1

_ pAao2 N
luc A = L(—E ) .

Iy
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2.5. Thanh chiu lyc tong quit

Gia thiét cac blen dang doc truc, bién dang xoén
va bién dang udn trong hai mit phing quan tinh
chinh cua thanh la doc 14p nhau, ma tran do cung
dong lyc cua phan tir thanh khong gian dugc xay
dung bang cach ghép ndi cdc ma tran do cing dong
lyc thanh phan. Ghép nbi cac ma tran (3), (8), (13)
va (20) ta dugc ma tran d cing dong lyc cla thanh
khong gian & hé toa do dia phuong (ma tran 12x12).
Tuong tu, khi cac ma tran d§ cung hinh hoc (6),
(11), (18) va (21) duoc ghép ndi v6i nhau, két qua
thu dugc ma tran d9 ctiing hinh hoc cta thanh khong
gian ¢ hé toa d§ dia phuong (ma tran 12x12).

Hinh 5. Phin tir thanh khong gian trong hé toa
do dia phwong

2.6. Phan tich dong luc khung khong gian
2.6.1. Phdn tich tan sé dao déng riéng

Bai toan phan tich dao dong riéng bang phuong
phap ma tran d6 cimg dong luc la bai toan tri riéng
phi tuyén. Phuong trinh xac dinh tan sé dao dong
riéng trong trudng hop khong can dugc biéu dién
dudi dang:

[D(w) = Dg(@)lfq} =0  (22)
D¢ giai quyét bai toan nay, giai thudt Wittrick -
Williams da dugc ap dung (Lee et al., 2002) dé xac
dinh céc tan s dao dong riéng cua két cu.

Giai thuat Wittrick — Williams:

Dé xé4c dinh o - tan s6 dao dong riéng thi r cia
ket cau tir phuwong trinh (22) bang thuét toan Wittrick
- Williams ta thuc hién cac budce theo trinh tur sau:

e Budc 1: Roi rac hoa két cdu. Sy roi rac hoa
két cAu thanh nhitng phan ttr riéng biét chi thyc hién
khi két cau c6 su thay d6i vé tiét dién, vat liéu hodc
tai vi tri c6 lién két.

e Budc 2: Chon thir mét gia tri w = w;, sau do
tinh ton cac thanh phan trong ma tran do cirmg dong
lyc va ma tran d§ cirng hinh hoc cua ting ph?m ta.
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¢ Budc 3 Chuyén céc ma tran do cing dong
luc ctia phén tu tur hé truc toa d6 dia phuong sang hé
toa do tong the.

Hinh 6. Phén tir thanh khong gian trong h¢ toa
do tong the

e Budc 4: Két ndi ma tran do cung dong luc
tong thé va ap dat diéu kién bién.

e Budc 5: Xac dinh s6 céc tan s6 dao dong
riéng J bi vuot qua boi w, (nhd hon gia tri o), J(w,)
duoc tinh nhu sau:

J(w,) = Jo(w,) +s{K(w,)} (23)
Trong do:

v Jo(wp) = X m(w,), VOi Ju(w,) 14 sb cac tan
s6 dao dong riéng cua phan tir thir m c¢6 cac dau
thanh bi ngam bi vuot qua boi .

= s{K(w,)} 12 sb cac phan tir c6 gia tri 4m nam
trén dudng chéo chinh cla ma tran tam giac trén
K*(w,), ma tran nay thu dugc tir K(w,) bang cich
dung phép khtr Gauss.

e Budc 6: So sanh gid tri J v6i r, néu J(o) <r
thi x 1a can dudi cua o, — gan o= . Tiép tuc nhan
doi gia tri thir o va quay tro lai budc 2, viée 1ap nay
dugc thyc hién cho dén khi J(@,) > r. Khi d6 o 14
can trén clia ©; — gan o, = or. Néu J(o) > r thi o
1a can trén cua ®; — gan ®, = ©; va @ = 0.

e Budc 7: Mbi khi can dudi o va can trén o,
dugc thiét 1ap thi ta tiép tuc xac dinh lai gia tri o
chinh 14 trung binh cdng cta m; va ..

e Budce 8: Kiém tra do hoi tu cia o Néu thoa
man diéu kién hoi tu thi o, chinh 1a gié tri tin s6 dao
dong riéng thur r can tim o. Nguoc lai, néu diéu kién
hoi tu khong thoa thi trd lai budc 5.

Wy —

w
L<eps =105
Wy

XéCdinh]m=]a+]b+]c+]d
= Thanh chiu kéo — nén:
Y wl [p

lAsdnguyenlonnhit<—=— |=
Ja guy —=—F
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* Thanh chju xoén: = Thanh chiu udn trong mit phang xz:
1 .
wlL 1 =] ——= —(—1)¢ —
J, la s6 nguyén loén nhit < );( =— (l;)_[(o Ja=1 2 [1=(=D'sgn(1 - coshicosA)]
¢ 2.6.2. Xac dinh cdc dang dao dong riéng
Dang dao dong riéng thur r duoc xac dinh tir
phuong trinh:
Roi rac két cdu
R e | D)~ De(w)lla), =0 (24)
Trong do: o la tan s6 dao dong riéng thurr, {q}
1a céc chuyén vi nut trng véi gia tri o, cua két cau.
= 2e0; N £
_ Tai céc gia tri tan sO cong huong thi dinh thirc
Xdc dink ma trén 46 cimg déng cua ma tran dg cimg dong luc bang 0 va vé phai cua
liec ctia phdn 1 De phuong trinh (23) cling bang 0. Ta c6 thé thay gia tri
! clia o, va F bang @ va F nhu sau:
g
Két nbi cdc ma trdn De vaeo ma trn aé i
ing déng liec 16ng thé D = —i
ctimg déng T:tcmgme {@T (1)7,(1 + 1.0 ><.10 ) (25)
_ _ F=F+10x10"
Ap ddt cde diéu kién bién . oz L 2 z
I Véi i 1a s6 thue duong du 16n dé 2 vé duge xem
Xic dink J(e) theo 1a bang nhau. Khi do6 (24) tré thanh:
(4.7) _ _ =
[D(wr) - DG (wr)]{q}r = {F} (26)

Vecto riéng dugc tinh nhu sau:

{q}r = [D(ar) - DG (ar)]_l{ﬁ} (27)
2.6.3. H¢ chiu tdi trong diéu hoa

Phuong trinh can bang:
[D(w) — Dg(){g(®)} = {F ()} (28)

Véi q(t) 1a vector chuyén vi nut theo thoi gian,
F(t) 1a vector tai trong dicu hoa da quy ve nit va w 1a
tan sO cua tai trong diéu hoa.

2.7. Vi du minh hga

. So liéu dau vao
Kudt két aud *

Cho hé két cdu 1a khung khong gian 4 tang,

o =(wute )2

Hinh 7. So' dd thuit toan phén tich tin s6 dao phuong X ¢6 2 nhip, phwong Y ¢6 1 nhip nhu hinh

dgng riéng 8. Ddm co tiét dién chir nhat 200x300 mm, c¢dt co

» Thanh chiu udn trong mit phing xy: tiét dién vudng 200x200 mm. Khung chiu tai trong

dong nam ngang dang dicu hoa P=Py.sin(wt) tai

J.o=i— 1 [1-— (—1)isgn(1 — coshAcos)] diém A. Gia sur tat cé’céc cot déu chiu lyc nén N.

Vatliéu c6 céc thong so: E = 22000 kN/cm?; v=10,3;

Vi i 1a s nguyén 16n nhét nhé hon A/z. pzzb85>c<yl 0® kN.s?em®, tai trong Pg=100 kN,
®=10 rad/s.
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4 (m) 4 (m)

B200x300 B200x300

i

B200x300
B200x300

B200x300 B200x300

o4

B200x300
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z
=z

N
k
v

in(wt)

3,6m 3,6m

3,6m

A A A
oy 1y L.
vV VvV V

X

P=Pu..s'in(w{)

J

y 49m

I
Ve,

3

3

Hinh 8. Miit bing va Mé hinh 3D khung khéng gian 4 ting

3. KET QUA VA THAO LUAN
3.1. Phén tich tin s6 dao ddng va cic dang
dao dong riéng

Dé so sanh sy hiéu qua cua DSM so véi FEM,
két qua phan tich theo DSM xéc dinh séu tin s6 dao
dong riéng dau tién ciia két ciu dugc so sanh véi két
qué phén tich cia FEM truyén thong va phan mém
SAP2000.

Phén tich khung dugc thuc hién bang phuong
phap DSM va FEM truyen thong Vi ba truong hop
chia thanh thanh 1, 2 va 3 phan tir, cing véi phan
mém SAP2000 ap dung cho bon trudng hop chia
thanh thanh 1, 2, 4 va 8 phan tir. Két qua phan tich
duoc trinh bay trong bang sau.

Bing 1. Cic gia tri tin s6 dao dong riéng f (Hz) tinh bing cic phwong phap

Phwong phap Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
DSM 1,9561 2,0716 2,3612 6,0031 6,2936 7,1943
FEM 1 e 1,9564 2,0723 2,3615 6,0122 6,3139 7,2040
FEM?2 e 1,9561 2,0717 2,3612 6,0037 6,2949 7,1952
FEM3 e 1,9561 2,0716 2,3612 6,0032 6,2939 7,1945
SAP2000 1 e 1,9434 2,0572 2,1552 5,8864 6,1741 6,4667
SAP2000 2 e 1,9469 2,0609 2,2985 5,9732 6,2623 7,0061
SAP2000 4 e 1,9471 2,0610 2,3375 5,9756 6,2627 7,1242
SAP2000 8 e 1,9471 2,0610 2,3476 5,9758 6,2621 7,1534

*n_e: thanh dirge chia thanh n phan tir ¢é kich thuée bang nhau

Khi phan tich khung bang phan mém SAP2000,
néu xem mdi thanh 1a mot phan tir thi chuong trinh
cho két qua sai léch nhiéu so véi két qua chinh xac.
Khi thanh dugc chia thanh 3 phan tir tr¢ 1én, két qua
tién dan dén két qua cia DSM. Con khi phan tich
khung bang FEM truyén thong, néu xem thanh 13
mot phan tir duy nhét thi két qua sai léch kha nhiéu
so v&i két qua cua DSM va khi thanh duoc chia
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thanh 2 phan tir tro 1én, két qua tién dan dén két qua
cua DSM.

Nhu vay, phuong phap FEM khi phan tor cang
dugc chia nho thi két qua cang tién vé két qua ctia

DSM, diéu nay khang dinh két qua cia DSM 1a két
qua chinh xac.
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Hinh 9. Ty so giira cac tan s6 dao dong riéng tinh bang FEM (a) va SAP2000 (b) so véi DSM
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Hinh 10. Hinh dang 6 dang dao dong dau tién cia khung

3.2. Phin tich tin s6 dao ddng riéng cé ké
dén anh hwéng cia luc doc nén trong cot

Khi ké dén lue doc nén N=100 kN trong ,tét ca
céac phan tr cot, tan s6 dao dong riéng cua ket cau
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dugc xac dinh theo cac phuong phap khac nhau
duoc trinh bay trong bang sau.
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Bing 2. Cic gia tri tin s6 dao dong riéng f (Hz) khi luc doc nén N=100 kN

Phwong phap Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
DSM 1,9493 2,0651 2,3540 5,9842 6,2753 7,1739
FEM 1 e 1,9496 2,0658 2,3543 5,9932 6,2954 7,1836
FEM2 e 1,9493 2,0651 2,3540 5,9843 6,2766 7,1748
FEM3 e 1,9493 2,0651 2,3540 5,9843 6,2756 7,1741
1.004 T T
1.0035 I '
1.003
1.0025
- 1.002
“é 1.0015
=

1.001

1.0005

0.9995

0.999 | ‘

1 2 3

Tir Bang 2, két qua cho thay khi phan tich tin s6
dao dong riéng c6 xét dén anh hudng cua luc doc thi
DSM van cho két qua chinh xac hon FEM. Khi
thanh dugc chia nho thanh nhiéu phan tir thi FEM
cho két qua dan hoi tu vé két qué cua DSM.

Dua vao két qua phan tich cia DSM trong Béng
3 cho thay, sy anh hudng cua luc doc trong cac thanh
dén két qua phan tich tan s6 dao dong riéng. Luc doc
1am cho két cdu “mém” hon nén céc tin s6 dao dong
riéng ciing thap hon, gay bat lgi cho két cu.

Mode

Hinh 11. Ty sb giira cdc tin so dao dong riéng tinh bang FEM so v6i DSM

Tu Hinh 12 da cho théy, khi lyc doc nén trong
chc cot tang 1én thi gi4 tri cla cac tan s6 dao dong
riéng ciing giam xudng. Khi lyc nén dau cot ting lén
N=1000kN thi gia tri f; gidm 3,6%. Tuy theo hinh
dang két cAu ma anh hudng cia lyc doc nén dén cac
tan sd riéng 1a khac nhau. Lyc doc anh huéng nhiéu
dén cac tan sb riéng dau va cac tan sb bac cao sé it
bi anh hudng hon.

Bing 3. Cic gia tri tin s6 dao dong riéng f (Hz) khi luc doc nén N thay dbi

Luc doc N (kN) Mode 1 Mode 2 Mode 3 Mode 4 Mode S Mode 6
0 1,9561 2,0716 2,3612 6,0031 6,2936 7,1943
100 1,9493 2,0651 2,3540 5,9842 6,2753 7,1739
200 1,9424 2,0585 2,3467 5,9652 6,2569 7,1535
300 1,9355 2,0519 2,3394 5,9462 6,2384 7,1330
400 1,9286 2,0452 2,3321 5,9271 6,2199 7,1124
500 1,9217 2,0386 2,3248 5,9079 6,2013 7,0918
600 1,9147 2,0319 2,3175 5,8887 6,1827 7,0711
700 1,9077 2,0252 2,3101 5,8694 6,1640 7,0504
800 1,9007 2,0185 2,3028 5,8501 6,1453 7,0296
900 1,8936 2,0118 2,2953 5,8307 6,1265 7,0087
1000 1,8866 2,0050 2,2879 5,8112 6,1076 6,9878

*n_e: thanh dirge chia thanh n phan tir ¢é kich thuée bang nhau
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Hinh 12. Ty sb giira cdc tin s6 dao dong riéng khi luc nén thay ddi so véi truwomg hgp khi N=0
3.3. Phén tich dong luc hé khung chiu tii tai diém luc tac dung. Trong cac truong hop chia

trong diéu hoa P=Py.sinmt thanh thanh 1, 2 va 3 phan tir thi két qua thu dwoc tir
3.3.1. So sanh két qua phdn tich ciia DSM va FEM s€ hoi tu vé ket qua ciia DSM.
FEM Nhu vy, khi xac dinh chuyén vi ciia két cu

0,015 s, gi thiét tai dudi tai trong dong diéu hoa, DSM ciing cho két qua
phén tich chinh x4c ma khong cén phai chia nho
phan tir nhu FEM.

Chon budc thoi gian At =
thoi diém t=0 chuyén vi va van tdc cua hé bang 0.

Dudi tac dung cuia tai trong diéu hoa, FEM dugc
dung dé xac dinh chuyen vi ngang va chuyén vi xoay
Bing 4. Két qua chuyén vi ngang theo phwong y ciia niit A (cm) theo tirng buéc thoi gian

Phwong phap 1At 2At 3At 4At SAt 6ALt
DSM 0,6869 1,3585 1,9995 2,5956 3,1334 3,6009
FEM 1 e 0,6867 1,3579 1,9987 2,5946 3,1322 3,5995
FEM2 e 0,6869 1,3584 1,9994 2,5955 3,1333 3,6008
FEM 3 ¢ 0,6869 1,3585 1,9995 2,5956 3,1334 3,6008
Bang 5. Két qua chuyén vi xoay quanh phwong x ciia nit A (10 rad) (cm) theo tirng buéc thoi gian
Phwong phap 1At 2At 3At 4At SAt 6At
DSM -97,4032 -192,6189  -283,5088 -368,0317 -4442894  -510,5693
FEMI1 e -97,3792 -192,5714  -283,4389 -367,9410 -444,1799  -510,4435
FEM2 e -97,4016 -192,6158  -283,5042 -368,0257 -444,2822  -510,5610
FEM3 e -97,4028 -192,6182  -283,5078 -368,0304 -444.2879  -510,5676

Bing 6. Gi tri bién do chuyén vi tai diém A

Phuong phiap  Chuyén vi ngang ya (cm)  sai s6 (%) Chuyén vi xoay 0 (10° rad) sai 50 (%)

DSM 4,5937 - 651,1192 -
FEM 1 e 4,5919 0,0392 650,9588 0,0246
FEM 2 e 4,5936 0,0022 651,1087 0,0016
FEM 3 e 4,5937 0 651,1170 0,0003
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x 104

chuyén vi ngang theo y (cm)
chuyén vi xoay (rad)

thoi gian t (s) thoi gian t (s)

Hinh 13. D6 thi chuyén vi clia nit A theo thoi gian

3.3.2. Xét den anh hwong cua lyc doc nén Theo Bang 7, 8 va 9, anh hudng cua luc doc nén

dén chuyén vi ciia két cau 1 rat dang ké. Khi lyc nén
trong cot tang, chuyén vi thang gia ting véi toc do
16n hon so véi chuyén vi xoay.

Khi ké dén luc doc nén trong tit ca cac ph?m tor
cOt, gid tri chuyén vi ciia diém A theo tung budc thoi
gian duogc trinh bay trong bang sau.

Bing 7. Két qua chuyén vi ngang tai niit A (cm) theo tirng buéc thoi gian

N (kN) 1At 2At 3At 4At 5At 6At
0 0,6869 1,3585 1,9995 2,5956 3,1334 3,6009
100 0,7006 1,3855 2,0393 2,6473 3,1958 3,6726
200 0,7149 1,4137 2,0808 2,7012 3,2609 3,7474
300 0,7298 1,4432 2,1242 2,7575 3,3288 3,8254
Bing 8. Két qua chuyén vi xoay quanh phwong x ciia nit A (10°° rad) theo tirng buéc thoi gian
N(kN) 1At 2At 3At 4At 5At 6At
0 -97,4032 -192,6189 -283,5087 -368,0317 -444,2894 -510,5693
100 -98,7838 -195,3490 -287,5272 -373,2481 -450,5867 -517,8061
200  -100,2190  -198,1873 -291,7047 -378,6711 -457,1333 -525,3293
300  -101,7124  -201,1405 -291,7047 -378,6711 -457,1333 -525,3293
Bing 9. Gia tri bién d chuyén vi tai diém A
N (kN)  Chuyén vi ngang ya (cm) Chénh léch (%) Ch“-‘{ig_! ‘r;‘(‘;;'y P2 Chénh léch (%)
0 4,5937 - 651,1192 -
100 4,6852 1,992 660,3481 1,417
200 4,7806 4,069 669,9423 2,891
300 4,8802 6,237 679,9254 4,424

ctia két céu s& bi giam va chuyén vi ctia két ciu ting
1én. Piéu nay khién két cdu hoat dong kém hiéu qua
hon dudi tac dung cua tai trong. Trong thuc té, cac
cong trinh nhu ciu, toa nha cao tang hay céc két ciu
¢ot chiu luc can duge kiém tra k¥ ludng vé anh
hudng cua luc nén.

4. KET LUAN

Trong bai nghién ctru, khi phén tich dong luc hoc
ctia két cau hé thanh, phuong phép ma tran d6 cimg
dong luc mang lai két qua phan tich chinh xdc ma
khong can chia nho phan tir nhu trong phuong phap
phan tir hitu han. Khi xem xét thém anh hudng cua
Iyc nén doc trong cac cot, cac tan s riéng co ban
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Tir két qua nghién ctru, DSM d3 dugc chimg
minh 1a mot cong cu manh mé& va hi€u qua trong
phan tich dong luc hoc két cau. N6 gitp cac ky su
va nha nghién ciru nang cao chit luong thiét ké, dam
bao an toan va tdi wu hoa cho két cdu cong trinh.
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