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Tém tat - Cau song Han la mét trong nhirng cong trinh rat quan
trong trong s nghiép xay dwng va phat trién ctia thanh phé Ba Nang.
Cong trinh ndy da dwoc xay dwng nhip quay dé tau I&n qua lai nén
tru cau tidm an nhiéu rdi ro khi bi va dap ctia tau thay. Bai toan phan
tich dao dong ctia tru cau bi va dap clia tau thay la rat can thiét. Trong
bai b4o nay, cAc tac gia gii thiéu mot mé hinh va két qua phan tich
hiéu tng va dap cla tau vao két ciu tru T5 clia cAu séng Han trén
co s& ap dung dinh ly bién thién dong luong, nguyén ly d’Alembert
va cac phwong phap sb. Trong dd, hé sé can duoc xac dinh theo
phwong phap cla Rayleigh. Bay 1a md hinh nghién ctru don gian cé
thé ap dung phan tich cho cac két cAu tru ciu tuong tw bi va dap cta
tau thay khi xét hé lam viéc trong mién dan hai.

T khéa - phan tich; dao déng; tru cau; cu séng Han; va dap; tau
thay. (cAn xem lai tir khéa vi du: “phan tich dao dong tru cau” [a 01
twr khoa)

1. Gio6i thiéu chung

Trén thé gidi da c6 mot s6 nghién ciru vé dao dong cua
két cu tru cau hodc mong cau nhu: Nhom tac gia Zhu Bin,
Chen Ren Peng, Chen Yun-Min [5] da nghién ctru dao
dong cua tru cau dudi tac dong cua lyc kich thich ngang;
Nhom tac gia Francesca Dezi, Sandro Carbonary va
Graziano Leoni [7] d& nghién ctru dong luc hoc tuong tac
giita cac coc don bang phuong phap tinh twong dwong.
Hossein Tahghighi va Kazoo Konagai [10] da phan tich sy
lam viéc tuong tac giita dat va coc dudi tc dung cua tai
trong ngang nhu luc dong dat, dia chin hay luc tac dung
trung phuc; Yanyan Sha va Hong Hao [9] dé& ap dung
phuong phap phan ttr hiru han dé phan tich va cham cua sa
lan vao mot cau tau doc 1ap; Ly thuyét va cham vét ran pha
huy va khong pha huy duogc gido su Fourney dé cip vao
nam 1993 [12], viéc nghién ctru va cham trong linh vuc k¥
thuat & cac cép do, dbi tugng cé kich thude 16n cling nhu
ap dung cho vat liéu ran hodc vat liéu bién dang dugc giao
su Frémond cting cong su dua ra (2003) [8]. Co s6 1y thuyét
vé va cham méi dugce nghién ciru va dé cap trong thoi gian
gan ddy, nén viéc phén tich va cham tau thay, sa lan vao
try cau 1a bai toan con kha méi. Do d6, két qua nghién ctru
vé linh vue nay trén thé gidi van con han ché.

O trong nuéc, cac tac gia Nguyén Xuan Toan va Ding
Nguyén Uyén Phuong [3] da nghién ctiru vé& dao dong cua
cau cang Tho Quang chiu va dap cua tau thity dua trén mo
hinh tuyén tinh va phan tich két qua bang phuong phap sb.
Do linh vuc nghién ciru nay rat phtc tap va chi phi thi
nghiém rat t6n kém. Nén cac két qua nghién ctru vé linh
vuc nay cho dén nay van chua thyc sy phd bién.

Trong pham vi bai viét ndy céc tic gia xay dung mot mo
hinh don gian xét dén va dap cua tau thuy vao tru Ts ctia cau
Séng Han. Két qua phan tich dao dong cua tru Ts dugc xét
VGi cac cap tai trong va van toc ciia tau trude e va dap khac
nhau. Dinh Iy can bang dong luong, nguyén 1y d’ Alembert

Abstract - Han River Bridge is an important construction in
development of Danang City. This work has a swing span built for
the ship circulation, which results in a high risk of ship collision with
the piers. For that reason, it is necessary to analyse the vibration
of the piers at the point of collision and to calculate safety factors
of the structure. This article introduces a computational model of
T5 pier of Han bridge to solve its vibration problems, using
Theorem of Linear Impulse and Momentum, d’Alembert Principle
and Numerical methods. The Rayleigh method is used to
determine the drag coefficient. This simple model can be applied
for the analysis of similar piers’ vibration under the collision of ship
with the structure working in elastic range.

Key words - Analysis; vibration; piers; Han River Bridge; collision;
ships.

da dwoc ap dung dé xay dung cdc phuong trinh vi phan dao
dong cua tru Ts va giai bang cac phuong phép sd.

Hinh anh cau Séng Han ‘Va tru Ts nhu Hinh 1, ciu tao
va kich thudc hinh hoc tru cau Tstheo tai li€u [1].

Hinh 1. Hinh anh cau séng Han va tru Ts

2. Co s6 tinh toan
2.1. M6 hinh tinh toan

=AU VA CHAM
P=M, g

MUC NUGC VA TAU

Hinh 2. Tau va ddp doc vao than tru Ts
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Hinh 3. Tau va ddp ngang vao than tru Ts
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Hinh 5. So'd6 phan tich tau va ddp ngang vdo tru Ts
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Xét va dap cua tau vao tru Ts cta cau Song Han theo
hai treong hop sau:

- Tau va dap doc vao than try nhu Hinh 2

- Tau va dép ngang vao than try nhu Hinh 3

Céin cir vao tai lidu thiét ké [1] xét truong hop bat loi
khi nhip chinh quay 90° cho tau qua lai, chi con nhip cau
dan lgé trén try Ts, mdt cach gan ding ta xét mo hinh gom
3 khoi lugng tuong duong duge md hinh héa nhu Hinh 4
va Hinh 5: khoi lugng mot phan ket cau nhip cau dan va xa
mil try dugc tap trung vé Ms; khoi lugng mét phan than try

dugc tép trung vé Mz 1a vi tri chiu va dap cua tau; khéi
Iuwong mot phan than tru bén dudi tap trung vé M.

Trong pham vi bai viét ndy céc tac gia chi xét hé lam
viée trong giai doan dan h6i‘, bo qua nang lwgng bi mat mat
do bién dang khong phuc hoi, ma sat, nhiét...

2.2. Lwc va tiu vao tru ciu

Luc va tau vao tru ciu <o thé xac dinh bﬁng thuc
nghiém, song do‘ khong c6 dicu kién lérp thyc nghiém, lyc
va tau vao try cau Ts dugc xac dinh gan dung theo cong
thirc cia AASHTO [4]:

Ps(t) = 1,2.10° 0 DWT 1)

Trong do:

Ps(t): luc va tau tinh twong duong (N)

DWT: trong tai cia tau (T)

v: vén toc va tau (m/s)

2.3. Phwong trinh vi phan dao dong ciia hé

Xét tau c6 khdi lugng My di chuyén véi van toe v tai
thoi diém chuén bi va dép vao tru cau. Khi d6 tru van ding
yén nén ta c6 dong luong cua hé (gébm tau va try) dugc xac
dinh theo cong thirc (2):

Qox = Mg XV (2)

Khi ta‘u} va dap vao tru cﬁg, x6ét tai thoi diém hé & trang
thai can bang va khong chuyén dong, dong luwgng cia hé:

Qix=0 3

Xung lugng cta h¢ khi va dép tinh theo gid tri trung

binh cua luc Ps(t):

S=-Py(t).At 4)
Ap dung dinh 1y bién thién dong luong ta co:
Qu— Q=S ()
Thay (2), (3) va (4) vao (5) ta cé:
Pt) = M, xv
At (6)
Hodc thoi gian va dap:
M, xv
B(t) )

Trong d6:

Ps(t): lyc va tinh twong duong (T) ;

v: vén toc tau trude khi va dap (m/s) ;

At: thoi gian duy tri Tuc va dap cia tau vao tru (s);

My: khoi Iugng tau (T).

Xét md hinh két cAu nhu Hinh 4, 5 4p dung nguyén 1y
d’Alembert ta c6 h¢ phuong trinh vi phén dao dong cua ket
cau tru cau Ts:

(M| 4 +[C]. o +[K] w = RO @)
Trong d6:
[M]: ma tran khdi lugng (T.10°%);
[K]: ma tran d6 cung (KN/mm);
[C]: ma tran hé s can (KN.s?/mm).

G 5 U, vy :lan luot 1a vécto gia toc (mm/s?), vécto
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van tdc (mm/s) va vécto bién do dao dong (mm).

{Psw}: vécto tai trong tac dung (KN)

bé phérll tich dao dong cua h¢, trudc hét ta phai xac dinh
cac tham s6 cua h¢ phuong trinh (8) va sau d6 ap dung cac
phuong phap s6 de giai.
2.4. Xdc dinh cdc tham sé ciia hé¢ phwong trinh vi phéin
dao dong
2.4.1. Ma trgn do cing cua hé [K]

_ Ma trén d6 cung cua h¢ theo phuong doc tiét dién tru

cau nhu sau (9):

ky ky ks | 6404817 —263476,3  80605,9
K| =k ki hy|=|-263476,3 2324514  —~100572,1((9)
ky ks k| | 806059  —100572,1  50048,1

. Matrén d6 cimg cua h¢ theo phuong ngang tiét dién tru
cau nhu sau (10):

ki hp k| | 470934 —19377,7 5930,6
[K|=|kn kz kys|=|-19377,7 171187 74077
ky ks k| | 5930,6  —7407,7 36873

(10)
O day [K] duoc xac dinh thong qua [F]: [K]=[F]*
[F]: 14 ma tran d6 mém c6 c4u triic nhu sau (10a):
611 612 613
[F] =0y Oy Oy
53 1 632 633 ( 1 O a)
. Trong do: g la ch’uyén vi tai khéi luong th i do luc
bang don vi dat tai khoi lugng thi j gay ra.
2.4.2. Ma trdn khoi heong ciia hé [M]
Khéirluc_mg ctia hé duoc dua vé ba khéi luong My, M,
M, tir cau tao cta h¢ ta xac dinh dugc ma tran khoi luong
nhu sau (11):

m, 0 0| 354875 0 0
[M]=]0 my Of=| 0 266150 0
0 0 my 0 0  7575,52

(11)
2.4.3. Ma trdn hé s6 can [C]:

Dé xé4c dinh ma tran hé s6 can [C] ta phan tich dao dong
riéng cua h¢ khong can (12):

(M. G +|K] oy =0 (12)

Xac dinh' tan s6 dao dong riéng i va sau doé xac dinh
ma tran hé s6 can [C] theo cong thirc cia Rayleigh (13):

[C] = o.[M] + B.[K] (13)
o VA B xac dinh theo cong thirc (14):

2

(14)

Do khéng c¢6 didu kién thuc nghiém nén cac tac gia
tham khao s6 liéu trong tai liéu [6] vai ty sO can ;=5% va
tinh toan dugc cac tham s6 nhu Bang 1:

Bdng 1. H¢ 56 can ciia tru TS5

K/ R
Tiét | twi| §6 | "% | Tin
STT . . . f A L3 B
dién | gian | ving phiit 1]
s)
1 Doc 0-2 1 6,667 | 0,111
thin 00056 | 0,4500
2 tu | 9-18 1 6,667 | 0,111
1 Ngang [ 0-37 1 1,622 | 0,027
thin | 37- 00014 | 1,8500
2 ou | 74 1 1,622 | 0,027

2.4.4. Xac dinh lyc va tau thuyén

Ap dung cong thirc (1) va (7) ta xac dinh At nhu Bang
2 va Bang 3:
Bdng 2: Thoi gian va ddp doc tau vao try [4]

vl Mg Ps(i) At

Loai tid tro
: | (nis) | OWT) | (KN) (s)
tdu 10.0000WT 6,1 10000 73200,0 0,023
tan 1.000DAT 5.3 i0ao 01121 0,026
ndlan 4.4 300 112064 0,019

Bdng 3. Thoi gian va ddp ngang tau vao tru

vt Mg Ps(t) At
Loai tai tro
: R | (ws) | @WT) | (KM ()
Tdi 10.000DWT | 6,1 10000 | 36466,7 | 0,167
Tii 1000DWT 53 0o | 100139 | 0,053
Balan 4,4 500 5873,4 | 0,037

Mot cach gan ding ta xéc dinh lyc va l6n nhét P§(t) theo
cong thuc (6) va gia thict 1a cudong do khong doi trong
khoang thoi gian duy tri lyc va trén try. Két qua tinh toan
Ps(t) tng véi ting trueong hop nhu cong thire (17) va (19).
2.4.5. Liec dan hoi ciia goi cau

Fang = Kg xy (15)
Trong d6:
Kg: d clmg cua gbi cau (KN/mm);

y: chuyén vi ciia gbi (mm).

3. Ap dung tinh toan

Tinh todn cho tau c6 trong tai My=10.000 (DWT), va
dap doc tau vao doc tiét dién than try voi van toc thict ké
v=6,1 (m/s).

Hé phuong trinh dao dong cua try Ts khi tau va dap doc
tau vao doc tiét dién than tru.

3548,8 0 0 288236,7 —118564,3 36272,6 640481,7 263476,3 80605,9 n 0
0 2661,5 0 |x yQ +|—118564,3 104618,0 —45257,4(x QQ +[263476,3 232451,2 100572, x{y, ={P(t)} (16)

0 0 7575,5| |Ys 36272,6  —45257,4  22564,1 Ys 80605,9 100572,1 50048, 1| |¥s 0
Vi Tinh toén cho tau c6 trong tai My=10.000 (DWT), va
0t<0 dap ngang tau vao ngang ti€t dién than try vdi van toc thict

= ké v=6,1 (m/s).
P 73200 t<0,083 an o h( ) L

0 t> 0,083 ¢ phuong trinh dao dong cia tru Ts khi tau va dap

ngang tau vao ngang tiét dién than try:



24

Nguyé&n Brc Hoang, Nguy&n Xuan Toan

3548,8 0 0 87127,7 —35848,7 109715 . 47093,4 19377,7 5930,6 mn
0 26615 0 [Xq¥pp+|—39848,7 316641 —13704,3|x {4y + [19377,7 17113,7 T407,7| Xy = P t% (18)
0 0 75755 |¥s| |1097L5 —13704,3 6832,0 | |¥s 5930,6 74077 3687.3 |
L. 4
VOfl. A w—] (Knot)
0 t < 0 E > / i m— 7 (knOts)
P.()= 364667 t<0,167 (19) g A —twen
O t> 01167 S 3 /// ——6(knots)
Feng: Xéc dinh theo cong thire (15) 3 2 AT —steen
Giai phuong trinh (16) va (18) bing phan mém Maple 2 1s = e — ko
v.13 cho két qua: 1 7% // 12(knots)
T;: 05 4‘,‘_ : 14{knots)
‘:5‘ 0 —_— 16(knots)
* ¥ = ~_§- 0 20000 40000 60000 ®0000 100000 18(knots)

Hinh 6. Bién do dao déng cua Ts khi
tau va dap doc tiét dién than try

Tz ¥ e = 1,052mm
PAz e = 1,296mm

Hinh 7. Bién do dao déng cua Ts khi
tau va dap ngang tiet dién than try

4. Phan tich quan hé gitra bién do dao dong vdi tii trong
tau va vin toc tau

Tinh toan twong ty cho cac truong hop tai trong tau va
vén tdc va tau khac nhau ta 1ap duoc cac biéu d6 quan hé
giita tai trong tau va van tdc va tau voi bién do dao dong
16n nhét ctia try nhu Hinh (8), (9) va (10).

06 —] (KNOt)
—F kr0tS)
0.5
e 4 (kOS]
a4 —Giknots)

03 //
y a

R knots)

s | 0 kN O1S)

tom nhéd tai diém MI{mm}

PR
HHENSANANN

/// 1Z(knots)
T o1 s 14(knots)
= T

= e 16(knots)
£ 07

= a 20000 40000 60000 80000 100000 18(knots)

Taitrong tau (DWT)
Hinh 8. Quan hé giita tdi trong, vin toc tau véi
bién d¢ dao dong cua khoi lwong M1 cua try Ts

Taitrong tau (DWT)

Hinh 9. Quan hé giita tai trong, van t6c tau voi
bién do dao dong cia khoi luong M> cua tru Ts

7 /J| — (Knot)
g . i 3 (knots)
E . / //], e 4 [ k0t5)
-3 —knots)
3 3 / - / I .
3 .l
= / /// s 3 knots)
£ P = =
o e
f BZ /// j = 12(knots)
S . B et 14({knots)
= i
= —
=2 e 16(knots)

0

0 20000 40000 60000 80000 100000 18{knots)

Taitrong tau DWT)
Hinh 10. Quan hé giita tdi trong, van toc tau voi
bién dé dao dong cua khoi luong M3 cua tru Ts
Theo két qua phan tich trén Hinh 8, 9 va 10 cho thiy
bién d6 dao dong 16n nhit cua try ting gan nhu ti 18 thudn
Vi tai trong va van toc va cia tau. Cac quan hé nay gan
nhu tuyén tinh nén c6 thé x4p xi tuyén tinh, ta c6 thé ap
dung dé tra ctru ngugc bién do dao dong cua try Ts cAu song
Han tuong tng vai tai trong va toc do thiét ké cua tau khac
nhau. Khi thiét ké cac két cau twong tu, thay vi phan tich
cho nhiéu tc do va tai trong tau khac nhau, ta co thé phan
tich xac dinh chuyén vi dong twong tmg véi 2 cap tai trong
va toc d¢ khac nhau de noi suy ra cac gia tri chuyen vi dong
tuong tmg voi cac cip ta1 trong va toc do thiét ké hodc tai
trong va toc do thuc té cia tau cho phép luu thong trén
sbng Han.

5. Két luan

Bai bao gidi thidu mo hinh va két qua phan tich hiéu
{mg va dap cta tau vao két cau tru Ts cdu song Han trén co
s ap dung dinh ly bién thién dong luong, nguyén ly
d’Alembert va cac phuong phap s6. Trong d6 hé s6 can
dugc xéc dinh theo phuong phap Rayleigh. Pay 1a mo hinh
nghién ctru don gian c6 thé 4p dung phan tich cho céac két
cau tru cau chiu va dép cua tau trong khai thac khi xét hé
lam viéc trong mién dan hoi. Co thé phan tich chinh xac
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hon khi xét dén twong tac véi nén dat.

Theo két qua nghién ctru trén tru Ts cua cau song Han
v6i ty s can 5% cho thiy bién d6 dao dong cua try ting
g'?m nhu ti 1€ thuédn véi tai trong va van tdc va cua tau. Céc
quan hé nay c6 thé x4p xi tuyén tinh. Do véy khi phan tich
cho céc két cu cau vuot song twong tu ¢ thé phan tich xac
dinh chuyén vi dong tuong tmg véi 2 cip tai trong va toc
d6 khac nhau dé noi suy ra cac gia tri chuyén vi dong tuong
g véi cac cap tai trong va toc do thiét ké hodc tai trong
va tbc do thuc té cia tau thong thuong. Nhu vy cé thé
giam duogc khdi luong tinh todn ma van chu dong trong
nghién ctru thiét ké va quan 1y khai thac cong trinh.
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