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TOM TAT

Trong nhiéu nghién ciu va tiéu chuan thiét ké, tinh toan ket cau chiu tai trong gi6 hién
hanh, cac thanh phan khac nhau cua dong gi6 roi khong duot xem xét d‘ay du trong qua trinh
tinh todn dap vng chuyen vi cua két cdu do gio. DPiéu nay c6 thé dan dén nhiing két qua gay
danh hwong bat loi doi véi sy an toan cua két cdu. Bai bao nay trinh bay mgt md hinh gidi tich
trong phan tich dap ing khi dong luc hoc cua cac két cau manh thang ding khi xét dao dong
cuia Két cau theo phwong vudng géc véi hudng gio. Anh hong cua cac thanh phan dong rol
kh&c nhau dén chuyén vi cua két cau sé duwoc nghién cizu. Vi du sé &p dung cho mét két cau

thuc té”SeN minh hoa cho ly thuyét va chi ra nhizng han ché trong cac céch tinh toan duwroc ding
pho bieén trong ky thudt.

Tir khoa: Dao déng do gi6; khi dong luc hoc; dong roi; két cau manh; ddp itng theo phiong
vuong goc huong gio.

ABSTRACT

In many studies and current design wind codes, not all turbulent componants are
considered to estimate the displacement responses of structures subjected to wind loading.
This limitation may result in estimations unsafe to structures. This paper presents an
analytical approach for buffetting analysis of slender vertical structures in cross-wind
direction. Effect of different turbulent components on structural displacements is investigated.
A numerical application on a real structure will illustrate the theory and point out the
limitations of conventional approaches used in engineering practice.

Keywords: Wind-induced vibrations;
cross-wind response.

aerodynamics; turbulence; slender structures;

1. DAN NHAP

Céc két cau manh thang dung nhu nha
cao tang, cot dién, cot ang-ten... thuong rat
nhay cam dudi tdc dong cua gid. Cac két cau
nay c6 tan s6 dao dong riéng tuong d6i thap
nén dé bi gi6 gay ra cac chuyén vi lon. Vi
dic tinh tu nhién cua gié 1a mot dong rbi

phuong twong (ng. Vai két cau thiang ding
thi thanh phan dong réi theo phuong thing
dang khong gay ra chuyén vi. Do do, hai
thanh phan chuyén vi duwoc quan tam I3
chuyén vi theo phuong gi6 (along-wind) va
phuong vuong gbéc vo1  phuong gio
(cross-wind).

(turbulence) véi 3 thanh phan chinh theo céac
phuong doc (cung phuong véi phuong gio),
ngang (vubng goc vaéi phuong gid) va dang,
chuyén vi cua két ciu do gi6 ciing thuong
dugc phan tich thanh 3 thanh phan cing

Hon 60 nim qua, dap Gmg dong cua két
cdu manh chiu tac dong cua gid 1a mot trong
nhitng chu dé quan trong trong linh vuc ki
thuat gi6. Nhiéu nghién ctu da dugc dé xuat
bang cac phuwong phap khac nhau nhu:
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phuong phap giai tich, phuong phap s, thi
nghiém bang ham gi6 ciing nhu cac cong cu
do dac thuc té... [1]. C4c nghién ciru dau tién
dugc thuc hién tur thap nién 1960 véi su dong
gop tién phong cua Davenport [2, 3]. Ong da
tinh cac dang dao dong co ban va chuyén vi
trung binh theo phuong tac dong va vudng
géc véi phuong gio. Nhleu md hinh sau nay
da dugc dé xuat dé cai tién nhiing nghién cau
cua Davenport. Tuy nhién, cac nghién cuu
nay van chua hoan thién. Cac mo hinh nay
dugc tong hop & tai liéu [2].

Cac nghién ciu trudc va céc tiéu chuan
thiét ké hién hanh sir dung nhiéu mé hinh
khac nhau dé tinh toan cac dap tng cua két
cdu do gi6 theo phwong vudng goc Véi
phuong gi6 [4, 5]. Trong d6, thanh phan
dong rdi cing phuong gi6 thuong bi b qua
ma chi xét dén thanh phan dong roi vuong
goc vai phuong glO [6, 7]. Biéu nay gilp cho
cac ky su thiét ké c6 nhitng cong thic don
gian hon trong viéc tinh todn tng xir cia két
cau do gi6. Tuy nhién, n6 cé thé dan toi két
qua thiéu chinh xac vi cac thanh phan cua
dong réi déu co thé tac dong dén chuyén vi
cua két cau.

Xuat phat tir nhitng nhan xét trén, bai
bao nay nham xay dung bai toan phan tich
dap Gng chuyén vi cua két cau theo phuong
vudng goc voi phuong gio. Thanh phan dong
réi cling phuong Vv6i phuong gio, von thudng
bi bo qua, déu duoc xem xét trong nghién
ctu nay. Ly thuyét phd va dao dong ngiu
nhién s& duoc &p dung trong viéc thiét lap ly
thuyét tinh toan. Bé minh hoa va kiém chiing
ly thuyét, mot &p dung cho két ciu thyc té va
so sanh két qua tinh toan véi céc cach tinh
toan hién cé s& duoc tién hanh. Tur do, vai trd
cua cac thanh phan khac nhau cia dong roi
dén chuyén vi két ciu s& duogc 1am rd.

2. COSOLY T THUYET

Xét mot két cau manh thang dung c6
chiéu cao L, bé rong don gié B, co tiét dién
bat ki nhu Hinh 1 trong hé truc toa do
Decartes Oxyz. Truc z triing véi truc két cau.
Két cau chiu tac dong cua gi6 co van téc
trung binh U(z) cung huéng véi truc x.

Dbi véi két cau thang dung, van toc gi6 tic
thoi U(z,t) c6 thé duoc biéu dién bsi [2]:

U(z,t)=U(2)+u'(z,t)+V'(z,t) 1)

Trong d6 U’ 1a thanh phan rdi theo phuong
taic dong (cung phuong voi truc x -
along-wind); Vv’ 1a thanh phan réi theo
phuong vudng goc vai gio (cung phuong véi
truc y cross-wind), t 1a thoi gian.

Ue)_

W

Hinh 1. Tdc dong khi dong luc hoc ;heo
phuong vuong goc 1én mat tiet dién bat ky tai
do cao z; a: goc tac dong [2],[6]

u'(z,t) X

Phuong trinh chuyén dong caa hé theo
phuong vudng goc (phuong y) theo [8]:

m(z)Y (z,t)+c(z)Y(z,t)+k(z)Y (z1)
= Fy(z’t)

F,(z,t)=F,(2)+F(z1t) 3)

Trong d6 F, (N/m) la lyc gié trung binh
theo phuong y, phan b trén mot don vi chiéu
dai; F; (N/m) la lyc gio theo phuong vy,
phan bd trén mot don vi chiéu dai, gay ra boi
dong réi; Y (m) l1a chuyén vi theo phuong y;
Y (m/s) 1a van tc theo phuong y; Y (m/s?)
la gia téc theo phuong Yk (N/m?) la do
cung; ¢ (Kg/ms) la hé s6 can; m (Kg/m) la
khi lwong phan bé trén mot don vi chiéu dai
cua hé.

)

Ap dung gia thiét vé tinh ding trong dao
dong (quasi-steady theory) va gia thiét

Ul u', UD V', vdi UzHUH, u' =|u
V' =|v] 1a cac thanh phan van toc (m/s),
luc tac dong cua gio nhu sau [2]:

F,(2)=2pBU?(2)C, @)

2



38 Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 58 (06/2020)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

F/(z,t)=pU(z)BCu'(t)

+p0(2)B(Co+C V(1) ©)

Trong d6 C, va C, lan luot 1a hé sb luc
day (drag) va nang (lift); C',
cﬁa} C, theo goc tac dong; p (Kg/m®) la
khoi Iugng riéng cua khdng khi.

la dao ham

Déi véi két ciu van con lam viéc trong
giai doan dan hoi tuyen tinh thi chuyen vi co
thé dugc phan tich thanh:

Y (z,t)=Y(2)+Y'(z1t) (6)

Trong d6 Y (m)va Y' (m) lan luot 13 dap

ang chuyén vi gay rabsi F, va F.

_ Gia thiét rang bé mat nhim dia hinh
dong nhat tai vi tri dang xét; phan ung cua
ket cau van con trong giai doan dan hoi tuyen
tinh; dang dao dong riéng dau tién la anh
huong dang ké nhat; cac dang dao dong riéng
con lai (bac hai tro 1€n) xem nhu tac dong
khong dang ké [2, 8, 9]. Thanh phan trung
binh caa chuyénvi Y dugc cho bai [8]:

L
[F(
0

ml(27zf)

Y(2)=

()

Trong d6 ¢ (z) la dang dao dong riéng thu

1 cua két cau; f, (Hz) la tan sé riéng cua két

cau ¢ dang dao dong riéng tha 1; m, (Kg)

la khéi luong suy rong (generalised mass)
tuong ung dang dao dong thur 1:

L
mlzj.m(z)qﬁf(z)dz (8)

0

Pap Gng chuyén vi Y' 1a ham ngiu
nhién theo thoi gian. Néu xem gi6 1a mot qué
trinh ngau nhién cé tinh dimg, dong nhat va
ergodic thi cac gia tri nay c6 thé duoc xu ly
theo ly thuyét dao dong ngau nhién duoc rit
ra tir CAc gié tri phuong sai [1, 8]:

:TSY(f)df 9)

Trong d6 S, (m?) la phd dap tng cia F/
trong mién tan sb; o (m?) la phuong sai
cia chuyén vi theo phuwong vudng goc
(phuong y).

Ap dung ly thuyét phan tich theo phé, S,
c6 thé duoc tinh toan nhu sau [10]:

ch (2)0(z) |, .
=[]l oee ) ()]

(o et )

(

)GV (2)V
4 (2) 6 (2,) S0 (22, 1)
_['DB JFCIL)]2 (z)U
[4:(2)6(2.)S0 (2.2, 1)

o'—.l—

(2.): dz,dz,

+
O
O e

(10)
Trong d6 Sap 12 pho cua thanh phan réi a,b.

Dbi véi két cau thang dang, thanh phan
dong rdi u’, v’ hau nhu khong tuong quan
(uncorrelated) véi nhau [2]. Do d6, cong thurc
(9) duoc viét lai thanh:

0y (2)= 07wy (2)+ 07w (2)

Trong d6 o-YZ(uu) (m?) la phuong sai cua

(11)

chuyén vi theo phuong vudng goéc do thanh
phan khi roi phuong tac dong gay ra; o7,
(m?) 1a phuong sai cua chuyén vi theo
phuong vubéng goc do thanh phan khi roi
phuong vuong goc gay ra.

(pBC ) U(Zl)U(Zz)

oy (2)= Tﬁ dz,dz,df
"0, (z Z,, f)
(12)
%[pB(CD+C'L)]Z
G (@) =]]]|U@IUE) b
200 ()4 (2,)
Su(z2,, f) ]
(13)
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Gid tri cuc dai caa chuyén vi tai do cao z
sé bang tong chuyeén vi trung binh va chuyén
vi 16n nhat & 6 cao do [8]:

Yo (2) =Y (2)+ 00, (2)

la hé s6 dinh (Peak factor)

theo phuong vudng goc y, xac dinh bai ly
thuyét phan b cyc tri tiém can.

3. HAM PHO CUA CAC THANH
PHAN RO

3.1 Ham phd S (z,5%,.0)

(14)

Trong d6 g,

Pho gi6 S,
cho bei [2, 9, 11]:

zzf \/S

-cohuu( 2, f)

cta thanh phan rdi u’” dugc

. 7)

(15)

la pho van téc gi6 cua thanh
phan rdi theo phuong x tai do cao z;
coh,, (z,2,; f)1a ham gin keét (coherence

function) cia S,(z,f) va S,(z, f).

Trong d6 S,

4;(2 u?
S, (z,f)=— X 16
(z.7) PR (16)
k.U (2)
s In(z/z,) (1n
_1200f
=T w) (18)

(19)
2.f.c,-L
U(z,)+U(z,)
Trong d6 ux (m/s?) la van téc nham bé mit
duogc diéu chinh tir van toc nhdm ung véi dia
hinh dong €6 w,, V&itisé u,/u,, dwoc tra
bang theo [8] ; k la hang s6 Karman; z,
(m) la chiéu cao nham bé mét dia hinh; ¢_

Ky (2,2, )= (20)

1a hé sb tac dong phuong dimg theo phuong
tic dong cua gid; U (10)(m/s?) l1a van toc
gio trung binh tai d6 cao 10m.

3.2 Ham phé S (z,52,.)

Pho gi6 S~ cua thanh phan réi v’ duoc

cho bai [2, 9, 11]:

zzf\/S z,, )

(21)
-cohw( . 2,f)
17T u?
S,(z,f)=——"2_-.— 22
f-z
T =— 23
"0 (2) (23)
coh,(z,2,;f) tinh  twong ty nhu

coh,, (z,2,; f) trong cong thuc (19).

4 VIDUSO

Ly thuyét dé xuat néu trén duoc ap dung
dé tinh toan dap ung khi dong luc hoc cua
cong trinh noi tiéng “Endless Column” hay
con goi la cot Brancusi ¢ Romania chiu tac
dong cua tai trong gid theo [12] nhu Hinh 2.
Bang 1 va Bang 2 tom tat cac thong sé két
cau ki thuat chinh. Bang 3 mo ta céac théng
sd cua gio tac dong va dia hinh.

Hinh 2. Cét “Endless Column” Nguon
http://www.romania-insider.com/
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Bdng 1. Thong sé két cau thap Endless

Column [12]
Ky hiéu Gia tri
L (m) 29
B (m) 0.9
m (T4n) 31
f, (Hz) 0.513
f,(2) (z/L)"

Bdng 2. Hé sé khi dong hoc twong img goc
tac dong [12]

C;gﬁgt‘f 0 50 450

C, 1.093 1.087  |1.503

C, -0.0014 |-0.159 | 0.020

C', 0 -0.060 | 0.062

C' -1.5360 |-1.6904 |-0.3966
Bdng 3. Thong sé gié va dia hinh [12]

Ky hiéu Giatri

r (kg/mS) 1.225

z, (m) 0.05

U(z) (ms) U(h)x(z/L)™*

Uh) (mis) 0~ 40

c., 7

g, 3.5

Dya cac cong thac 11-13, s liéu tir
Bang 1, Bang 2, Bang 3, va dung phuong
phap so tinh toan bang Matlab, bai bao co
duoc két qua nhu sau.

Hinh 3 thé hién chuyén vj tai dinh thép
theo phuong vudéng goc cua gié (cross-wind)
tai goc tac dong 0°, trong d6 o, 1a do léch
chuan caa chuyén vi theo phuong y do gi6 gay
ra; oy, 1a do léch chuan cua chuyén vi
theo phuong y do thanh phan khi réi phuong x
gdy ra; oy, lado léch chuan cia chuyén vi
theo phuong y do thanh phan khi réi phwong X
gay ra. CO thé nhan thay rang giatri o, nam
gan trang voi gia tri s gia tri s,

Y(w)' )

bang 0. Do d6, thanh phan khi rdi u’ ¢6 thé bo
qua khi tinh todn chuyén vi s .

Hinh 4 thé hién chuyén vi tai dinh thap
theo phuong vudng goc cua gid (cross-wind)
tai goc tac dong 5% CO thé nhan thay rang gia
tri s, ndm gan tring véi gia tri s khi

Y(w)!

U(L)<25mls giatri s,

dang ké (gan bang 0) nhung khi
U(L)® 25mls thi gia tri oy, cO gia tri
I6n. Nhén xét nay tuong tw ¢ Hinh 5 tai goc
tac dong bang 45°. Bieu d6 chig to rang khi
van toc gio twong doi 16n, thanh phan khi roi
u’ c6 déng goép vao chuyén vi S, Do do,
viéc bo qua phan nay nhu cic nghién ctu
trudc cling nhu & mot so tieu chuan chong
gid s& dan t6i s, nho hon khi xét ddy du
céc thanh phan cua dong roi. Khi do, viéc
tinh toén s€ gay bat lgi cho két cau trong diéu
Kién gié manh.
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Hinh 3. D¢ léch chudn cua chuyén vi tai
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dinh ket cau ¢ goc 5°
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Hinh 5. Bé léch cua chuyén vi tai dinh két
cau ¢ goc 45°

(m)

v
max

0 5 10 15 20 25 30
U(L) (m/s)

Hinh 6. So sanh gia tri cuee dai cia chuyén vi
tai dinh két cau ¢ goc 0° gia nghién cizu cua
bai b&o va theo [12]

0.16 [ [-==Nghién ciru nay|
-o- Theo [12]

0.14

0.12]

0 5 10 15 20 25 30
U(L) (m/s)

Hinh 7. So génh gia tri cuc dai cua chuyén vi
tai dinh két cau ¢ goc 45° giira nghién ciru
cua bai bo va theo [12]

Hinh 6-7 so sanh chuyén vi tai dinh két
cau tai goc 0° va 45° tinh theo phuong phap
cua bai bao va nghién ctu cua Solari [12].
Diéu can nhin manh la phuong phép st dung
¢ nghién cau [12] la giong véi mot s tiéu
chuan hién hanh, trong d6 c6 Eurocode [5] va
ASCE [4]. Theo &6, dbi véi chuyén vi
phuong wvudng goc véi huong  Qid
(cross-wind), thanh phan réi theo phuwong gid
doc (1)) bi bo qua.  C6 thé nhan thay tu
hinh 6-7 rang chuyén vi tinh theo [12] nho
hon so v&i phuong phép cua bai bdo nay. Do
d6, viéc khong xét day du cac thanh phan cua
dong réi s& gay bat loi cho két cau.

5 KET LUAN

Bai bao da thiét 1ap mo hinh giai tich dé
phan tich dap ang cua két cdu manh thang
diang theo phuong vuéng goc cua gio. Bén
canh thanh phan dong réi vudng goc voi
phuong gi6, mé hinh nay c6 xét dén thanh

phan dong rdi cung phuong véi phuong gid
von bi bo qua trong cac nghién ctru trudc.

Vi du sé duoc &p dung cho mot két cau
thuc t& da chi ra vai tro rat quan trong cia
thanh phan dong roi cung phuong Vi
phuong gi6. Doi véi két cau manh thang
dung, viéc bé qua thanh phan co thé dan téi
nhitng két qua thiéu chinh xac va anh husng
bét loi doi véi két cau.

Nhitng nhan xét trén cho thay rang can
thém cac nghién ciu dé kiém ching thém
van dé¢ ma bai bao da dit ra ciing nhu cac tidu
chuan chéng gi6 dang duoc sir dung.
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