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VIBRATION ANALYSIS OF THE HAN-RIVER BRIDGE-PIERS DUE TO THE IMPACT OF
SHIPS

PGS TS. Nguyén Xuin Todin', ThS. Nguyén Dirc Hodng’
"Trieong Pai hoc Bdch khoa — Pai hoc Pa Néng, nguyenxuantoan2007@gmail.com
’Pai hoc Duy Tan, hoangts2003@gmail.com

Tom tat: CAu séng Han 1a mot trong nhitng cong trinh rét
quan trong trong sw nghiép xay dwng va phat trién cta thanh phd
Da Nang. Do cong trinh dwoc thiét ké nhip quay dé tau I6n qua
lai nén try cau tiém an nhiéu rdi ro khi bi va dap cla tau thay. Bai
toan phan tich dao déng cla tru ciu bj va dap cla tau thdy la rat
can thiét. Trong bai bao nay cac tac g|a gioi thiéu mét mé hinh va
ket qua phan tich hiéu ung va dap cua tau vao két cAu tru Ts cla
cau séng Han trén co s& ap dung dinh ly bién ‘thién dong lwvong,
nguyen ly d’Alembert va cac phwong phap sé. Trong d6 hé sb
can duwoc xac dinh theo phwong phap cla Rayleigh. Bay la mo
hinh nghién ctu don gian c6 thé ap dung phan tich cho cac két
cAu tru cdu twong tw bi va dap cla tau thdy khi xét hé lam viéc
trong mién dan hoi.

Tr khéa: Phan tich; dao déng; tru clu; cau séng Han; va
dap; tau thay.

1. Giéi thiéu chung

Trén the gi6i 6 nhidu nghién ciru vé rung dong ngang
clia tru cau va moéng coc dudi tac dung cua luc dong dat
hay dia chén hay lyc tic dung tring phuc nhu Flores —
Berrones cong sy (1982), Han (1989), Markris, (1994).
Nhung nghién citu vé va dép hay va cham cua tau vao két
cau try cau la vin dé méi meé ca trén thé gidi 1an trong
nude. Ly thuyét va cham vét rédn pha huy va khong pha
huy duoc gido su Fourney dé& cap (1993) va gido su
Romero d& cap (2003). Nghién ctru va cham trong linh
vuc k¥ thuat & cac cép do, d6i tuong cé kich thudc 16n va
thuyét va cham dugc ap dung cho vat li¢u ran hodc vat
lidu bién dang duogc gido su Frémond ciing cong su dua ra
(2003) va duogc t6 chirc hoi thao vao (2007). Tu viée
nghién ctru dua ra thuyét va cham va dién bién cua qua
trinh va cham nganh cong nghiép san xuét 6t6 da dwa ra
hé théng canh bao va cham va hé théng phanh ty dong
boi gido su Tamura va cong su cua ong dua ra nam 2001
va gido su Jansson va cong su dua ra nam 2002 [6], [7].

Cac két qua nghién ctru vé va dép cua tau vao két ciu
tru cau chua thuc su phd bién trén thé giéi cling nhu trong
nude vi linh vuc nghién ctu nay kha phuc tap va chi phi
thir nghiém rat ton kém. Trong pham vi bai viét nay cac
tac gia xdy dung mot mo hinh don gian xét dén va dap
clia tau thiy vao tru T5 cia ciu Séng Han va phan tich
dao dong cua hé khi chiu va dap cua tau cd trong tai
10.000 DWT di chuyén véi van tc dudi 6,1 m/s.

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

Xét va dap cua tau vao tru Ts cua cau song Han theo

Abstract: Han bridge is one of the first and important
structure of Da Nang urban construction planning and
development. The bridge has a rotating span for the ship
circulation, therefore the risk of ship collision with the pier is very
high. For that reason, it is necessary to analysis the vibration of
pier when the collision of ship happens and assess the safety
factor of the structure. This study introduces a computational
model of Ts pier of Han bridge and solved its vibration problems

based on Principle of Linear Impulse and
Momentum, d’Alembert Theorem and Numerical methods.
The Rayleigh method is used to determine thedrag

coefficient. This is a simple study model that can be applied for
the analysis similar piers under the collision of ship while the
structure working in elastic range.

Key words: Analysis; vibration; piers; Han River Bridge;
impact; ships.

hai treong hop sau:

- Tau va dap doc vao than try nhu hinh 1
- Tau va dép ngang vao than tru nhu hinh 2

Can cir vao tai lidu thiét ké [1]

Xét trudng hop bét loi khi nhip chinh quay 90° cho tau
qua lai, chi con nhip cau dan ké trén tru Ts, mot cach gan
dung ta xét md hinh gdm 3 khéi luong twong duong dugc
mo hinh héa nhu hinh 3 va hinh 4: khéi luong mot phan két
c4u nhip cdu dan va xa mil try duoc tap trung vé Mj; khdi
lwong mot phﬁn than try duoc tap trung vé M, 1a vi tri chiu
va dap cua tau; khéi luong mot ph?ln than tru bén dudi tép
trung vé M.

Trong pham vi bai viét ndy céc tac gia chi xét hé lam
viéc trong giai doan dan hdi, bo qua ning lwgng bi mat mat
do bién dang khong phuc hdi, ma sat, nhiét...
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Hinh 1. Tau va ddp doc vao than tru Ts

14300

M Lo Lo o oo | oo

Fndn khit lvgng bin
1 tugdn vl i,

Prdn ehi vong ten
um truydn i by

& TAU VA CHAN -_—
B e vgng bén
Pt NN by
G K
i i ety |11/ I g" "MT ]
-——— — — auol trdn vd iy &
- — — — " e o EL I

Tngén vngam

=

Phin khdi luang bér
trén trupénvé M,
Phan khdi lugng bér
dudi truyénvé M,

el
1]
=

j 22e0 | 2250

Phin khdi lugng ba
trén truyénve by

4000

Prin ki wamabar [ [ 1] TH ~~~
dudi truyvan wa b
Phin khdi ludng
truyén vé ngdm

00

Hinh 4. So dé phan tich tau va dép ngang vao tru Ts
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2.2. Luwe va tau vao tru ciu

Luc va tau vao tru cau co thé xéac dinh béng thuc
nghiém, song do khong c6 diéu kién 1am thuc nghiém, luc
va tau vao tru ciu Ts duoc xéac dinh gén dang theo cong
thirc cia AASHTO [3]:

Py(t) =1,2.10°vA/ DWT (1

Trong do6:

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

DWT : trong tai cta tau (Mg)

v: van tdc va tau (m/s)

2.3. Phwong trinh vi phdn dao djng ciia hé

Xét tu c6 khoi lugng M, di chuyén véi véan toc v tai
thoi diém chuan bi va ddp vao try cau. I§hi d6 tru van
dling yén nén ta c6 dong luong clia hé (gom tau va tru)
duoc xac dinh theo cong thue (2):

Qux =My x Vv )

Khi tau va qap vao tru cau, xet tai thoi diém hé &
trang thai can bang va khong chuyén dong, dong luong
cua hé:

Qix=0 3)

Xung lugng cta hé khi va dap tinh theo gia tri trung
binh cua lyc Py(t):

S=-Py(t).At 4
Ap dung dinh Iy bién thién dong luong ta cé:
le - Qox =S (5)
Thay (2), (3) va (4) vao (5) ta co:
M, xv
P()=—" (6)
At

Hodc thoi gian va dap:

M, x
A=t (7

P.(0)
Trong d6:

Ps(t): luc va trung binh cua tau vao try

v : van tdc tau trudce khi va dap

At : thoi gian duy tri va dép

M, : khéi lugng tau

Xét md hinh két ciu nhu hinh 3, 4 4p dung nguyén 1y
d’Alembert ta c6 hé phuong trinh vi phan dao dong cua
két cau tru cau Ts:

M].{ ¥ 3+CI{ ¥ 3+ K]y ={P(1)}  (8)
Trong do:

[M]: ma tran khéi luong

[K]: ma tran d¢ cling

[C]: ma tran hé sb can

(VA ) (v lan luot 13 vécto gia tdc, vécto van
tdc va vécto bién do dao dong.

{Pw}: vécto tai trong tic dung

Dé phan tich dao dong cua hé¢, trude hét ta phai xac
dinh cac tham s6 cua hé phuong trinh (8) va sau d6 ap
dung cac phuong phap so d¢ giai.
2.4. Xdc dinh cic tham sé ciia hé phwong trinh vi phin
dao dong
2.4.1  Ma trdn do cung cua hé [K]

Ma tran d6 cung cua hé theo phuong doc tiét dién tru
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cau nhu sau (9):
ky k, Kk | 64048694 -26347800 8060866
[K]: ky, k, ky=-26347600 23245239 -10057D84
ky ky ke 8060866 —10057D88 50048077

Ma trén d6 cung cua hé theo phuong ngang tiét dién tru
cau nhu sau (10):

)

ky, k, ki |47093360 19377660 5930557 (10)
[K]=|k,, Ky, ky=|-19377660 17113739 —7407704
ky ky kg | 5930557  —7407,704 3687253

2.4.2  Ma trgn khoi lwong ciia hé [M]

Khoi luong cua h¢ dugc dua vé ba khéi lugng My,
M,, Ms, tir cdu tao cua hé ta xac dinh dwgc ma tran khéi
Iuong nhu sau (11):

m, 0 0] [3548,75 0 0 (11)
[M]=|0 m, O|=| 0 266150 0
0 0 my, 0 0 757552

243 Ma trdn hé 56 can [C]

Dé xac dinh hé s can C ta phéan tich dao dong riéng
cua hé khong can (12):

M].{ ¥ J+[K]{y = {0} (12)

Xac dinh tan s6 dao dong riéng ; va sau d6 xac dinh
ma tran h¢ so can [C] theo cong thirc cua Rayleigh (13):

[C]=o.[M] + B.[K] (13)
o va 3 xac dinh theo cong thirc (14):
(04 a; .
é=—+L(1:1,2) (14)
2o, 2
Két qua tinh toan nhu bang 1.
Bdng 1: H¢ $6 can cia tru T5:
. K/ .| véng .
sre| T || s
: Tnit
) r
1 Doc | 09 | 1 |6667 0111
thin 0,0056 | 0,4500
2 try 918 | 1 | 6,667 | 0,111
1 | MNgamg [0-37 | 1 [ 16230027
thin | 37- 0,0014 | 1,3500
2 tru T4 1 1,622 | 0,027

2.4.4  Xac dinh lyc va tau thuyén

Ap dung cong thie (1) va (7) ta xac dinh At nhu
bang 2 va bang 3:
Bdng 2. Thoi gian va ddp doc tau vao tru

vl Mg Ps(t) At
Loai 13i tro
: e | (ms) | OWT) | (KN) (s)
tau 10.000D%WT a1 i0o0o 73200,0 0,083
tau 1.0000°WT 53 1aoa 201121 0,026
Gdlan 4,4 a00 11206,4 0,019

Bdng 3. Thoi gian va ddp ngang tau vao tru

yit Mz Ps(i) At
Loai i tro
: e | ws) | @WT) | (KN) (=)
T& 10.000DWT | 61 10000 | 364667 | 0,167
T& 10000WT 53 1000 | 100139 | 0,053
Dilan 4.4 300 3873,4 | 0,057

Mot cach gan dung ta xac dinh lyc va 16n nhit Ps(t)
theo cong thire (6) va gia thiét la cuong do khong doi
trong khoang thoi gian duy tri lyc va trén try. Ket qua tinh
toan Ps(t) ing v6i ting trudng hop nhu (17) va (19).

2.4.5  Lyc dan hoi cia goi cau

Fang =Ky xy (15)
Trong d6:

K, : d6 cung cia gdi cau; y: chuyén vi cia gbi
3. Ap dung tinh to4n

Tinh toan cho tau c6 trong tai M;=10.000 DWT, va
dap doc tau vao doc tiét dién than tru voi van tdc thiét ké
V'=6,1(m/s).

HE phuong triph dao dong cua tru Ts khi tau va dap
doc tau vao doc tiet dién than tru.

354875 0 0 b 2882336 —11856835 36272640| [y
0 266150 0 x99, p+|—11856835 1046162 —45257440%- »,
0 0 75735

36272640 45257440 22564058

Vs

64048694 263476300 8060866 |y 0
+ 26347600 23245039 10057088x1y, t =1 P(f) (16)
8060866 10057088 5004077 |y, 0
Voi:
0 t<0
P (1732001 t<0,083 (17)
0 t> 0,083

Tinh toan cho tau ¢6 trong tai M,=10.000 DWT, va
dép ngang tau vao ngang tiét dién than tru voi van tdc
thiét ké V'=6,1(m/s).

H¢ phuong trinh dao dong cua tru Ts khi tau va

ddp ngang tau vao ngang tiét dién than tru:
354875 0 0 | (3) |87127685 —3584%72 1097531| (7
0 266150 0 |x{j,+—3584872 3166444 —13708252x{j,
0 0 757550 |§) | 1097531 -13708252 6832023| |5
4709860 19377660 8060866 (1)  [Fie
+ 19377660 17113739 7407704 %1y, + =1 P.(¢) (18)
5930557 7407704 3687253 0
Véi:
0 t<0
P (136466,7  t<0,167 (19)
0 t>0,167

Fang: Xéc dinh theo cong thirc (15)
Giai phuong trinh (16) va (18) bang phan mém Maple
v.13 cho két qua:

Hinh 5. Bién do dao dong cua Ts khi tau va ddp doc tiét
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dién thdn tru

Hinh 6. Bién do dao dong cua Ts khi tau va ddp ngang
tiét dién than tru

Dbi v6i cac truong hop tau co trong tai va van te di
chuyén trén song khac ciing tinh toan tuong ty nhu trén
cho phép chung ta phan tich quan hé gitta bién d6 dao
dong cua tru vai tai trong tau va van te tau.
4. Phan tich quan hé giira bién do dao dfng voi tai
trong tau va van téc tau

Tinh todn tuong tu cho cdc truong hop tai trong tau
va van toc va tau khac nhau ta lap duoc cac biéu d6 quan
hé giita tai trong tau va van téc va tau véi bién do dao
dong 16n nhat cua try nhu hinh (7),(8) va (9).

Theo két qua phan tich trén hinh (7), (8) va (9) cho
thdy bién d6 dao dong 16n nhat clia try tang gan nhu ti 1¢
thuén vai tai trong va vén tdc va ciia 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 d6 dao dong cua tru Ts cau
song Han tuong tmg véi tai trong va tdc do thiét ké cua
tau khac nhau.

Khi thiét ké cac két cu twong tw, thay vi phén tich
cho nhiéu toc d6 va tai trong tau khac nhau, ta c6 thé  phén
tich xac dinh chuyén vi dong tuong ung voi 2 cap tai
trong va toc do khac nhau dé noi suy ra cac gia tri chuyén
vi dong twong g véi cac cAp tai trong va toc do thiét ké
hodc tai trong va téc do thuc t& cua tau cho phép luu
thong trén song Han.
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Hinh 7. Quan hé gitta tdi trong, van téc tau véi bién do

Taitrong tau (DWT)

dao dong cua khoi luwong M cia tru T
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Taitrong tau (DWT)
Hinh 8. Quan h¢é gitia tdi trong, van t6c tau véi bién do
dao dong cua khoi lwong M, cua tru Ts
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Hinh 9. Quan h¢é gitta tdi trong, van t6c tau véi bién do
dao dong cua khoi lwong M; cua tru Ts

5. Két luan

Bai bao gidi thiéu mé hinh va két qua phén tich hi¢u
{ig va dap ctia tau vao két cau tru Ts cau séng Han trén
co s& ap dung dinh 1y bién thién dong lugng, nguyén Iy
d’Alembert va cic phuong phéap sd. Trong d6 hé sb can
duoc xac dinh theo phuong phap Rayleigh. Pay 1a mé
hinh nghién ctru don gian c6 thé ap dung phan tich cho
cac két cAu tru ciu chiu va dap cua tau trong khai thac khi
xét hé 1am viéc trong mién dan hoi. C6 thé phan tich
chinh xac hon khi xét dén tuong tac v6i nén dt.

Theo két qua nghién ctru trén try Ts ciia ciu song Han
v6i ty s can 5% cho thiy bién d6 dao dong cua try ting
gan nhu ti 16 thuan v0i tai trong va van tdc va cua tau. Cac
quan hé nay c6 the xap xi tuyén tinh. Do vay khi phén tich
cho céc két cau cau vuot song tuong tu co thé phan tich
xéac dinh chuyén vi dong tuong mg vdi 2 cp tai trong va
téc d6 khac nhau dé n0i suy ra cac gia tri chuyen vi dong
tuong tmg voi cac cap tai trong va toc do thiét ké hoic tai
trong va téc do thuc té cua tau thong thuong. Nhu vay 6
thé giam dwoc khdi lwong tinh toan ma van chu dong
trong nghién ctru thiét ké va quan Iy khai thac cong trinh.
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