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PHAN TiCH DAP UNG DONG LUCHOC KHUNG THEP VAT
CO LIEN KET NUA CUNG CHIU TAI TRONG GIO

DYNAMIC RESPONSE ANALYSIS OF BEVELED STEEL FRAMES WITH SEMI-RIGID CONNECTIONS EXPOSED TO WIND LOADS

TOM TAT

Bai bdo nay trinh bay phuong phép phan t& hitu han dé phan tich dong luc hoc
khung vat cd lién két ndia cing chiu tac dung clia tai trong gid. Ma trén do ciing cla
khung thép dugc xay dung theo phuong phdp nang lugng. Ma trén khoi lugng dugc
xdy dung dua trén cac ham dang clia phan ti thanh vat c6 lién két nlia cting. Lién
két niia cting 6 hai dau phan ti thanh dugc mo phong bang 1o xo vdi do cting chdng
uén dan héi. Cc ddc trung hinh hoc cla tiét dién chit | dugc biéu dién qua ham s6
mii o 56 “e”. M hinh tai trong gi6 dugc do dac tai hai dia diém tai Lang Cang va
Dién Bién. St dung tich phan tryc tiép Newmark dé suy ra céc dap ting dong luc hoc
clia khung vat. Do chinh xac cia phuong phap dugc kiém chiing thong qua cac so
sanh s6 tin cdy, tlr day dnh hudng cla lién két niia cing va mo hinh tai trong gio
dén dap tng dong luc hoc cla khung vat dugc trinh bay.

Tirkhéa: Lién két nita cing, déng luc hoc khung thép vdt, tich phan Newmark.

ABSTRACT

The purpose of this article is to demonstrate how to use the finite element
method to analyze the dynamics of chamfer frames with semi-rigid connections that
are exposed to wind loads. The energy approach is used to generate the steel frame's
stiffness matrix. The mass matrix is generated using the chamfer element's form
functions and semi-rigid connections. The semi-rigid connection at the rod element's
ends is represented by an elastic spring with bending stiffness. An exponential
function with base "e" is used to illustrate the geometrical properties of the I cross
section. Two locations in Lang Cang and Dien Bien were used to calibrate the wind
load model. Calculate the dynamic responses of the chamfer frame using the
Newmark direct integral. The method's accuracy is validated using accurate
numerical comparisons. From then, the effect of the semi-rigid connection and wind
load model on the chamfer frame's dynamic response is discussed.

Keywords: Semi-rigid connections, chamfered steel frame dynamics,
Newmark integrals.
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1. GIGI THIEU

D6i véi két cau khung thép st dung kha nhiéu loai cdu
kién tiét dién chir 1 co kich thudc ban canh va chiéu day ban
bung khéng d8i, con chiéu cao tiét dién thay déi theo chiéu
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dai thanh. Muc d6 thay d6i chiéu cao tiét dién phu thudc
vao phan bé noi luc trong thanh theo chiéu dai, diéu kién
lién két & hai dau. Gan day, mot s6 tai liéu trong va ngoai
nudGc c6 dé cap dén viéc thiét 1ap cac ma tran dé cing [1-3],
ma tran khéi lugng [4] cia phan ti thanh tiét dién thay déi,
nhung danh cho tiét dién chir nhat véi chiéu cao thay déi
tuyén tinh hodc viéc xdy dung ching trén co sé ham dang
cUa phan t thanh tiét dién déu va cho cac két qua tinh gan
dung. Do vay, can thiét xay dung ma tran do cling, ma tran
khoi lugng cho loai ciu kién nay theo mét phuong phap
chinh xé&c va téng quat hon.

Trén thé gidi, Rezaiee-Pajand va M. Moayedian [7] da xay
dung cong thirc xac dinh d6 cling ctia dam chir | tiét dién vat
biang phuong phap phan t& hiru han (PTHH). Trong khi,
Samson Takele [8] xay dung ma tran d6 cling cta dam tiét
dién bat ky. Al-Fatlawi [9] nghién ctu dao dong tu do cla
dam hop tiét dién vat st dung phan mém NASTRAN. Zhang
va Tong [10] nghién ctiu mat én dinh canh clia dam chir | tiét
dién vét sir dung phan mém ANSYS. Louie [11] cung cap
cobng thic xac dinh dé cliing cho dam 2D tiét dién vat trong
nghién cu clla minh. Zeinali [12] da phan tich dao déng cla
dam tiét dién vat sir dung ham da thiic Chebyshev.

Trong nudc, nghién clu ting x co hoc cta khung thép
cing dugc cac nha khoa hoc quan tam nghién ciu tu
nhiing nam 2000. C6 thé ké dén mot sé tac gid nhu: Vi
Qudc Anh [13] da xuat ban cudn sach “tinh toan va thiét ké
khung thép lién két dan héi” tai Nha xuat ban Xay dung lam
tai liéu tham khao cho ky su, can bo ky thuat, cdn bé nghién
ctiu nganh xay dung khi tinh toan va thiét ké khung thép
vdi lién két dan hoi cho nhiing céng trinh thuc té. Trudc dé,
Nguyén HOng Son [14] da phan tich dao déng cta khung
thép phang lién két ndia cling phi tuyén ké dén bién dang
déo chju tic dong déng thoi clia nhiéu tai trong bang
phuong phap PTHH.

TU viéc phan tich cac tai liéu trén, c6 thé thay réng, chua
¢6 cOng trinh nao nghién cdu Ung xi khung thép vat lién
két nlia cing chiu tai trong déng. Do d6, muc tiéu chinh
cla bai bao la thiét lap cong thic va thuat toan PTHH giai
quyét bai todn nay
2. PHUGNG PHAP PHAN TU HUU HAN

Xét phan t dam c6 chiéu dai L véi cac dac trung tiét
dién |, G, A thay d&i theo chiéu dai dam. Chiéu day dam
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thay dé&i theo quy luat h = h(x) véi dau 1 va 2 lién két ntia
ciing dugc mé hinh hoa bang cac 16 xo, véi d& mém cho
chuyén vi doc truc 1a k¥,k% cho chuyén vi thdng ding la

k!",k va cho chuyén vixoay Ia k®,k? nhuhinh 1.

L ']

klg‘ 1 Ky

Hinh 1. M hinh dam tiét dién khdng déu chiu lién két niia cling

Theo ly thuyét dam Timoshenko, trudng chuyén vi cda
mot diém bat ky cé toa z dugc biéu dién nhu sau:

u=u,+z0 ;w=w, (M

trong dé: ue, wo 1an lugt 1a chuyén vi theo phuong doc
truc va phuong thdng dung; 6, 1a géc xoay clia dam trong
méat phdng xz. Néu bd qua &nh huéng cla luc cit thi

6 —_ ow, ‘
* ox
Trudng bién dang dugc xac dinh béi biéu thuc:
_%4_ 89 :%4_9 (2)

&
XX ox aX xz ox X

Quan hé ting sudt - chuyén vi clla ddm dugc biéu dién
bai cong thic:

oxsz[%+z%];ru=G(a;VX° X] 3)

Cac thanh phan noi luc bao gom luc mang N, luc cat Q
va mé men uén M dugc tinh thong qua cong thic (3):

o ou, 8,
+B—= (4)
_osh Ox Ox
0,5h
ou, 09
+D—* 5
Ox Ox ©)

—0,5h

0,5h
Q=kb [ o.dz=A, (aWO j (©)
-0,5h OxX
trong dé: A, B, D, A, la céc thanh phan dé cing cua vat
liéu va dugc xac dinh béi:
0,5h 0,5h
(A.B,D)=b j E(12.2°)dz, A, =bk, j Gdz 7

-0,5h -0,5h

Theo nguyén ly Hamilton's [3, 4], phuong trinh chuyén
dong ctia dam dugc xac dinh nhu sau:

b
§[(U+T-K+W)dt=0 8)
trong d6: U, T, K va W 1an lugt 1a thé nang bién dang, thé

nang dan hoi cta |6 xo lién két nda clng, ddng nang va
céng cua luc ngoai tac dung lén dam.
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Thé nang bién dang cta dam dugc xac dinh nhu sau:

e

Thé nang dan hai cta 16 xo lién két nitra ciing dugc xac
dinh bai [3, 4].

x=0

1 u w
T :E(k1 up +ki'w; +k76? )
1 u W
+E(k1 ul +ki'w) + k)0’ )X:L
DPong nang clia dam dugc suy ra tur biéu thic [3, 41:

1 . . .z :
K =EI(J0 (63 +3) +24,0,6, + 1,6 Jox an
L
trong do: (.) la dao ham bac mét theo thai gian t; Jo, J1 va
J, lan lugt la cdc mé men quén tinh cta dam va dugc xac
dinh b&i cong thuc:
0,5h

bJ' (1zz)d

—0,5h

J 0 J (12)

Cong cua ngoai luc tac dung l1én dam la:

1 ow, ’
W= E.L[[—C](X)WO + Po [a—xj de

vGi q(x) va Py lan luct la luc tac dung Ién dam theo
phuong thdng diing va phuong doc truc dam. Vi chiéu day
clia dam thay dé&i theo phuong ngang, do d6 cac cong thuc
(7) va (12) déu la ham phu thuéc vao bién chiéu dai x.

Thay thé cac céng thic (9)-(11) va (13) vao coéng thuic
(8), sau dé tich phan tiing phan, ta cé:

I N 0Ys |, 086, +Q(86w0 +6exj y
! Ox Ox Ox

+(KiupBu, +ki'w,w, +k7g,56, )

ow, odw, jd
+|| - X
!( % x o ox

+(Kyuu, +k;'w,Bw, +k0,86, )

(13)

x=0

(14)

Jy (uoBily + w6, )
K +3;(u,88, +8,80i, )+ 0,86, x=0

Trong nghién ctu nay, phan t& dam 2 nat, méi nat c6 3
bac tu do dugc st dung. Bac tu do cla phan tir dam dugc
xac dinh bai:

.

q. = {Um Wor @y Ug, W, (pxz} (15)

& day: T la ma tran chuyén, st dung ham dang Lagrange
va Hermite, trudng chuyén vi ctia phan ti dam dugc xap xi
théng qua cac bac tu do va ham dang nhu sau:

Uy =Ny Ug, + N, Wo, +N3@,, + N, U,

(16)
+ NuSWOZ + Nu6<px2 = Nuqe
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W, =N, Uy +N, W, +N @, +N, U,
(17)
+ NWSWOZ + Nwé(pxz = que
ex = N<p1u01 + N(pZW(H +Nq)3(px1 + N<p4u02
(18)
+th5W02 + N(pG(PXZ = Nq)qe
trong d6 cac ham dang Nui, Nwi, Noi dugc nhu trong [4]:
Thay thé cac cong thuc (16)-(18) vao cong thic (14), ta
thu dugc céng thic PTHH md td phuong trinh dao déng
cudng buiic dam nhu sau:

M4 (t)+Cq(t)+Ka(t)=F(t)

trong do: M=) M, K=Y K, +K

(19)
F=>F. tuong tng

bien >

la ma tran khéi lugng, ma tran dé cling va véc to tai trong;
M_,K_,C_,F. ,nelan lugt Ia ma tran khoi lugng, ma tran do
cing, ma tran dé can nhdat, véc to tai trong va s6 phan ti
dam.

Dai vai bai toan khung thép phang, cac cong thic PTHH
van dugc xét nhu bai toan dam dugc trinh bay & trén. Chi
khac |a hé toa do dia phuong va hé toa do téng quat cla
phan t&r dam la song song véi nhau nén khéng can ma tran
chuyén truc toa dé trong qua trinh tinh toan. Khi d6 hé toa
dé dia phuong va toa do6 téng thé clia khung phang la khac
nhau, nén can c¢6 ma tran chuyén dé dua toa do dia
phuaong vé toa do téng thé. M&i quan hé gilia 2 toa do nay
dugc biéu dién nhu cong thuc dudi day:

q.=T.q.
trong do6

(20)

ae 1a véc to chuyén vi nat phan ti thanh trong hé toa
do dia phuong;

ge la véc to chuyén vi nat phan tdr thanh trong hé toa
dé téng thé;

T. 1a ma tran chuyén déi tur hé toa do dia phuong sang
hé toa d6 téng thé.

[ cosa sina 0 0 0 0
—sina cosa O 0 0 0
0 0 1 0 0 0

T.= 0 0 0 cosa sina O (21)
0 0 0 —sina cosa O
| o 0 0 0 0 1]

Cac ma tran do cing, ma tran khéi lugng va véc to tai
trong téng thé dugc tap hop tir cdc ma tran, véc ta phan ti
nhu sau:

M=) TIM.T, K=Y TK.T, +K, .F=>TF, ()

Phuang trinh (19) dugc tinh bang phuong phap tich
phan truc ti€ép Newmark véi cac hang sé g =0,25;y =0,2.
3.KETQUA SO
3.1. Lap trinh tinh toan

Trén so s& ma tran d6 ciing va ma tran khéi lugng da
xay dung, nhém tac gid lap chuong trinh tinh dua trén
phan mém MatLab 2018a c6 tén DWL-PTT.
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3.2. Panh gia d6 chinh xac
3.2.1.Tdn sé dao déng riéng ctia khung thép vdt

Xac dinh chu ky dao dong riéng cta khung thép, nhu
hinh 2, mé dun dan hoi E = 21x10*MPa, trong lugng riéng
g=78,5kN/m3 v=0,3.
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Hinh 2. M hinh khung vat chiu lién két niia cting.

3.2.2. Bai todn ddp uing déng

Xét dam chiu lién két tua don 2 dau co chiéu dai
L = 20m, tiét dién mat cat ngang hinh vuong (b = h = 1m)
nhu hinh 3, co tinh cla dam bién thién theo chiéu day dam
véi quy luat dugc cho nhu sau: E(z) = 1 + 3.(0,5 + 2) (TPa),
p = 1220kg/m3, v = 0,38. Dam chiu tac dung cua tai tap
trung va phan b6 déu véi cusng dé 1an lugt 1a P = Pysin(0,5wit)
va q = qosin(0,25w1t); w; la tan sé dau tién cda két cau.

9825

(ot b=1m s 9(N/m)
=gq,sin| — |[N/m
q=4q, (4j / “
=
A B Il
‘\F L=20m T a t(s‘)
0 t
P:Psin[m—‘lj b=1m kP(N)
lom ‘| \2 P
=
A(A B I
! L =20m # = ((s)
0 t -
1) M6 hinh dim b) M6 hinh lye

Hinh 3. M hinh dam chiu téc dung cua tdi trong theo thdi gian

Két qud chuyén vi thdng dingkhéng thd nguyén
W' = Wasng/Weinh tai diém gilta ddm  so véi két qua trong tai
liéu [6] st dung phuong phép gidi tich cGia Levy nhu trén
hinh 4.

Cac két qua déng luc hoc va dao dong riéng clia khung
thép cua bai bao dugc so sanh véi cac két qua thu dugc tu
cac |6 giai giai tich Levy va phan mém SAP-2000. Tl cac két
qua nay, ¢ thé két luan rdng cac cong thuc va chuong
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trinh tinh toan ma bai bao xay dung dam bao dé chinh xac
va do tin cay. TU dé chuong trinh nay cta bai bao dugc ap
dung dé danh gia cac dap ung dong luc hoc clia hé khung
vat co lién két nilra cing.

6

I
——DWL— PTT
& Mesut Simsek

zf’xf\f%ﬁiﬁ

W
()
¥\6~
——

-

TV VN

-4

0 2 4 6 8
t*
a) P =Pysin(0,5wt)
4 .
——DWL — PTT
3 & Mesut Simsek|]

A\

t*
b) g = qosin(0,25uwxt)

Hinh 4. Chuyén vi khong thii nguyén ctia diém gitia dam dudi tac dung ctia
cdc loai tai trong khdc nhau
3.3. Khao sat anh hudng ctia bién nita ciing

St dung mo6 hinh khung vat c6 tiét dién mat cat hinh
chirl va cac thuéc tinh co hoc dugc cho nhu trén hinh 2. M6
hinh luc gié tac dung lén két cdu dugc do theo thai gian
dugc cho dudi dang céc d6 thi hinh 5 tai diém do Lang
Cang va bién Bién. Tai gi6 nay tac dung lén khung thép vat
coi nhu tai phan bé thay déi theo thai gian.

600 ' - =
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o

<200
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=400
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a) Lang Cang

Website: https://jst-haui.vn

600

400 +

N/m

-200

-400

-600

-800 - .

0 5 10 15 20

t(s}

b) Dién Bién

Hinh 5. M6 hinh luc gid theo thdi gian tai Lang Cang va Dién Bién

Cac dap ung dong luc hoc clia khung thép vat dudi tac
dung cua tai trong gié khi d6 ciing k clia bién nia cling clia
khung vat thay d&i dugc cho nhu trén hinh 6 - 8 va bang 1.
Ta thay rang, khi dé ciing k cang 16n, dap tng chuyén vi va
van toc cla diém sé 4 trén khung thép vat cang gidm
xuéng, diéu nay dugc giai thich 1a d6 cing k I16n né lam
tang do6 cling téng thé cla khung lén. Tuy nhién, dén mét
gia tri k 40 16n xac dinh, cac dap Ung chuyén vi va van téc
sé tién t6i mot gia tri gidi han va khong thay déi.

) x10°

m
o

0 5 10 15 20
t(s)
a) Dap tng chuyén vi
0.04 ;

0.03

0.02

0.01

mjs

-001 |

-0.02

-0.03 :
0 5 10 15 20
t(s)
b) Dap (ing van toc
Hinh 6. Céc dap ting dong tai diém chinh giita khung vét dudi tac dung clia
tdi trong gid tai Lang Cang
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ol - L . J
(¢} 5 10 15 20
ts)
a) Chuyén vi
003
002
001 +
001
002
-003
0 5 10 15 20
)
b) Van tdc

Hinh 7. Cac dap (ing dong tai diém chinh gita khung vét dudi tac dung cia
tai trong gid tai Dién Bién

Bang 1. Anh huting clia 9 ciing bién nifa cting dén cac dép ting dong I6n nhat
clia khung dudi tac dung clia tai trong gid tai Lang Cang va Dién Bién tai niit s6 4
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()

™

K Lang Cang Dién Bién
w(mm) | v(mm/s) | a(mm/s?) | w(mm) |N(mm/s) |a(mm/s?)
10E | 7,6730 | 71,6503 | 880,8773 | 5,9853 | 44,9550 | 557,3688
10°E | 1,7789 | 24,2478 | 336,2663 | 1,6820 | 19,8964 | 282,2704
10“E | 0,2386 | 7,2749 | 198,5558 | 0,2484 7,2737 | 203,7516
10%E | 0,0582 | 1,1924 36,1549 0,0577 1,2167 | 40,8243
102E | 0,0448 | 0,7467 27,4429 0,0419 0,7506 | 27,1716
107'E | 0,0429 | 0,6835 24,0995 0,0399 0,6827 | 25,4511
10°E | 0,0427 | 10,6789 24,0145 0,0397 0,6825 | 25,1629
10'E | 0,0427 | 0,6784 24,0050 0,0397 0,6825 | 25,1333
10%E | 0,0427 | 0,6784 24,0041 0,0397 0,6825 | 25,1303
: 2{ . = Lang Cang
! | —o— Dien Bien
05.[ ‘

10 15 0
ts)

k=10"E

I Lang Cang|
|—— Dien Bien |4

02
03
-04
0 10 20
t(s)
k=10"E
0.05 T
0.04 Lang Cang| |
—— Dien Bien

w (mm)

-0.04
0 5 10 15 20
t(s)
k=10
0.05 7 . ]
Lang Cang
004 | —&— Dien Bien

t(s)

k=10"E

Hinh 8. Anh hudng clia bién nia cting dén dap chuyén vi clia niit s6 4 clia
khung theo thdi gian tai hai diém do gi6

Cac dap ung dong luc hoc ctia khung tai nut s6 4 trén
khung dugc lam ré hon & cac d6 thi hinh 8.
4, KET LUAN

Phan tich dong luc hoc khung vét c6 lién két ntia cling
chiu tac dung cua tai trong gié st dung phuong phap phan
t hitu han dugc trinh bay trong bai bao nay. Lién két nira
cling dugc mé ta 1a cac hé 1o xo dan héi cho chuyén vi goc
xoay. Mé hinh téi trong gi6 dugc do dac tai cac dia diém
Lang Cang va bién Bién. D6 chinh xac va tin cay cla
chuang trinh tinh bai bao thiét 1ap duoc kiém chiing théng
qua so sanh véi cdc cong bé tin cay. Bai bao trinh bay dap
Ung dong ctia khung thép vat cé lién két nlra ciing chiu tai
trong gi6 do tai Lang Cang va Dién Bién. TU két qua thu
dugc, c6 thé thdy rdng bién niia cling cling nhu tai trong
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gi6 anh hudng dang ké dén dap tng dong cda khung thép.
Bai bao cung cap két qua s6 cho tinh toan, thiét ké khung
thép vat c6 lién két nlra cling tai Lang Cang va Dién Bién.
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