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PHAN TiCH TAC PONG CUA SONG LEN HAM GIAO THONG TREO TRONG
MOI TRUONG NUGC

Lé Vin Nam , Nguyn Thi Ngoc Phi®
(WTrudng Pai Hoc Béch Khoa PHQG TP.HCM, ® Phan Vién KHCN GTVT Phia Nam
(Bai nh@n ngay 9 thang 3 ndm 2005, hoan chinh sita chita ngay 14 thdang 4 nam 2005)

TOM TAT: Khi thiét k& hdm giao théng ndm trong mdi trudng nudc, ngoai cdc yéu 1o vé
tinh tdi do trong litgng bén than hdm, hoat tdi xe thi cdc tdc dong do méi truong nudc gay ra la
nhing yéu té c¢é dnh hudng lon dén su lam viée ciia hdm. Yéu t6 khdc biét ciia dang ham nay so
v&i hdm ndm trong dat la do méi truong dét la méi truong tuwong déi “ tinh “ hon con moi truong
néc la moi truong dong. Vi thé’ ham luén chiu dnh hudng cia cdc yéu 16" dong nhu : song, gid,
thity triéu, dong chdy ... Cdc yéu té nay déu gdy ra dao djng va luc tdc dong lén ham ma
Morison goi la luc qudn tmh lwc cdn va luc ndng. Trong gidi han bai bdo nay, cdc tdc gid chi
phdn tich, tinh todn su dnh hudng ciia song lén duong hdm treo trong nudc.

1. GIGI THIEU

Trong lich sit phdt tri€n clia cdc loai hdm, tiy theo mdi trudng bao quanh him ma ta thiy c6
nhiéu dang him khdc nhau. Tir thud xa xua ngu’cil ta da bi€t phd dd dé lam ham xuyén qua dd, diy la
mot mdi trudng rit cing. Ti€p theo dd 1a hdm nim trong dit, 12 mdi trudng terng d6i &n dinh. Véi
trinh d6 khoa hoc ngay cang phét tri€n, ngudi ta c6 thé dit hdm trong moi tn.rdng y&u hon nhu dét y&u
(hdm Thi Thiém da khdi cong tai Viét Nam). Trén thé g1d1 trong thdi gian gin diy da Xudt hién y
twdng lam ham treo trong nude nhu cdc nghién ciu ) Na-Uy, Y, Nga, Nhat ...[3].

Hinh I : Him treo trong nide

Mot trong nhitng yéu td dit ra sy quan tim lo ngai cho cdc nha khoa hoc 12 hdm s& lam viéc
nhu th€ nio trong mdi trudng c6 nhiéu bién dong nhu vay. Trong pham vi clia nghién ctfu nay tdc giad
s& dua ra cach xdc dinh cdc lyc do séng tic dong 1én him nim trong nudc dé 1am cd s& cho viéc lya
chon k&t cdu ham thich hgp.
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2. TOMTATLY THUYET VE SONG
2.1 Séng tuy€n tinh:

Cdc phuong trinh cd bdn clia chuyén déng chdt 18ng 1a phuong trinh lién tuc va phuong trinh
Euler c6 dang sau [1] :

o' 0%
Ap=——+—5=0 (1)
/ oxt ozt
@+l(grad¢)2+£+gz=0 (2)
ot 2 Yo,

Véi:  p: Ap sudt thily dong, p = p(x,z,t)
p: Mat do chit ldng
g: Gia t8¢ trong trudng
Xét chuyén dong clia séng phing dya trén hinh 2, trong d6 mat séng dudc bidu dién biing
phuong trinh:  z=(x.t) 3)

Mit nue tinh tng v6i phuong trinh z=0 va ddy bién @ng vdi phuong trinh z=-d
z

Hinh 2: M6t séng diéu hoa

Mot phan tif & toa dd (x,z) ¢6 dich chuyén theo phuong x va z tudng Ung 1a u, w va vin toc
tuong tng 1a [2]:

" Ou " Ow
U= § WS (4)
ot ot
BE xdc dinh vin t6c va gia t6c chat 16ng ta 1ap cdc diéu kién bién sau:
a- O ddy bién z=-d, thanh phin vin t6c thiing géc v6i ddy bién bing 0:
0
or. 0véiz=d (5)
0z
b- § mat tr do z= L(x, t), thanh phin van t6¢c theo phudng ditng c6 dang:
0 o*
g—£=—?=0 véiz=0 6)
Oz Ot
c- O mitty do z=[I(x, 1), 4p sudt p bing hing s6 va 1y bing 0:
0
—2+g§:0 vGiz=0 (7)

ot
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Tit cdc diéu kién bién va cdc Iy thuy&t vé chit 1éng tim dudc phuong trinh séng va cdc thanh
phin vén tdc chdt 16ng & toa do x, z do song giy ra:

E(x,1) = ae~J kx—0t)

= agk coshk(z+d) e-j(/{x_w;) _ ak coshk(z + d)

£(x,t 8)
©  coshkd s comgd ~o0  °
y-vz .agk sinhk(z+d) e-j(kx—CtJf) :j_gﬁsinhk(z+d) E(x,t) )
®w  coshkd ®  coshkd

va cdc thanh phin gia t6c:

coshk(z+d) e"j(lcx_bt) . juk coshk(z+d)

= agk x,t)  (10)
=8 cosh kd cosh kd s(x.1)
Ww=—agk sinhk(z+d) e_j(kx_w;) ——jk sinhk(z +d) E) b
cosh kd cosh kd

e : 2w

Trong do: Chiéu dai séng: A= —k— (12)
2

Chu ky dao dong: T'=— (13)
0]

Cdc cong thic tir (8) d&n (11) diing dé xdc dinh van tdc va gia tdc ctia chat 16ng do séng giy
ra. Cic thanh phin ndy 1a cdc ham s6 phu thudc vio bién do séng, chu ky séng, chiéu dai séng va do
sdu muc nudc .

2.2 Séng ngiu nhig¢n

Thuc t& séng chii yéu giy ra bdi gié, ma gi6 la dai lugng ludn thay ddi tao nén nhiéu séng c6
bién d6 khdc nhau, phuong truyén khdc nhau .... 1am cho séng nuéc khong con la séng diéu hda ma 1a
mdt trudng qud trinh ngdu nhién .

Theo 1y thuy&t v& do tin ciy, véi d6 tin cdy nhat dinh ndo d6 ngudi ta rit ra cdc thong s vé
séng ing vdi do tin ciy do.

Trong tinh todn thudng diing cdc thong s6 vé chiu cao séng c¢6 ¥ nghia va chu ky séng ¢6 y
nghia dé tinh todn.

Chiéu cao séng ¢6 ¥ nghia: 1a chiéu cao trung binh clia 1/3 séng cao nhat trong cdc séng.

Chu ky séng ¢6 ¥ nghia: 1a trung binh ctia cdc chu ky clia 1/3 séng cao nhdt trong cdc séng.

Sau khi xdc dinh dugc cdc thong s6 clia séng ngdu nhién thay vao cdc cong thitc (8) — (11) sé
xdc dinh dudc vin tdc va gia tdc dong chiy do séng gay ra.

3. TAI TRONG SONG TAC DUNG LEN HAM
3.1. Céc luc do song tac dong Ién him

Dura trén phudng trinh ctia Morison viét vé séng tdc dung 1én than ctia hinh tru, A.H Mousselli
di dp dung cong thifc nay trong trudng hdp him ndm ngang nhu sau:

Luc do chit 16ng tic dung 1&én him c6 thé phan ra lam 3 lyc: lyc thd nhit 13 lwc qudn tinh F,
gdy ra do gia tdc cdc phin tif chit 18ng hodc 1 do su chuyén dong cla chat 1ong bi cdn lai bdi him
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nim trong nudc. Luc thit 2 13 lwc cdn do ma sdt giita chit 16ng va him Fy. Ngoai ra lyc tdch xody 1am
cho luc ngang bién d&i chu ky theo phuong thing géc tao thanh luc ning Fy. Goi F 1a luc do chét 16ng

tdc dung Ién 1 don vi chiéu dai clia him [2].
F=F + Fa+ F_ (14)
F = pCm(A/4)(%) (15)
K= : M) i
d~ E D e (16)
1 2
F, =_2—pCLDUe (17)
Trong d6 : F, : Luc ma sdt trén don vi chiéu dai hAm
F4 : Luc can trén don vi chiéu dai hAm
FL : Luc ning trén don vi chiéu dai him
p : Trong lugng riéng clia nudc
D : Kich thudc ngang 16n nhit clia mit cit ngang ham vudng géc vdi
phudng dong chay
A : Dién tich mit cdt ngang cia him
8 : Véan tdc tuong doi (c6 hiéu) clia nude theo phudng ngang tai vi tri c6 him
du/dt : Gia tdc clia nuc chuyén ddng theo phuong ngang tai vi tri ti€p xiic v6i ham
Cp : Hé s8 luc cin
C., : Hé s6 quén tinh
CL : Hé s6 ning
- Xdc dinh Cp :
Trong diéu kién dong chdy &n dinh thi Cp phu thudc vao hé s& Reynolds va bé mit ciia him.
. . UD
S8 Reynolds dugc dinh nghia : R = :

v: Tinh nhét dong cla nudc; dé8i v6i nue bién ta c6
v=1*10" ft*/sec=9.26¥107 cm’/sec
Hé s6 nhim k cia bé mithim: k=e/D  (cm/cm)

e: Chiéu cao clia 86 nham

3.0 (
:\ ky
B “N-_..______—_____
N ‘_h—-_-__*__.___
0.5 | Roughness coefficient ka
Co 0.4 L
ky = 0.02
03}
k; = 0.0007
0.2 -
0.4 FaE T I I I | L : . L sy v 1y JRe
3 4 5 108 2 3 4 5 100

Hinh 3. Cach xdc dinh Cp phu thudc Re va k
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Mic dit hé s8 cdn Cp dudc tinh cho dong chdy déu nhung cong thitc nay van dugc ding cho
dong chay “dong* lién hé dén séng biing cdch lya chon dong chdy ¢6 vin tdc 16n nhit bao quanh ham
dé tinh todn.

- Xdc d;ﬂh CM, CL

Theo nghién cttu va khdo sdt, Cy néi chung thay déi tit 1.5 +2.5 phu thuge vao s6 Reynolds

R,
Bdng I : Bing kién nghi cdc hé 56 Cy, Cp C, theo R,
Re CD CL C.\'I
R. < 5.0 x 10* 1.3 1.5 2.0
50x 10°%<R. < 1.0 x 10° 12 1.0 2.0
1.0x 10°<R.<2.5x 10° 1.53-R. / (3*10%) 1.2-R. / (5%10°) 2.0
25x10°<R.<5.0x 10° 0.7 0.7 2.5-R./ (5*10°)
5.0x 10°< R, 0.7 0.7 1.5

Ghi chii : Bang trén diing trong trudng hgp bé mit ham c¢6 dd nham nho.

Thay céc dai lugng Cp, Ci, Cy ... vdo cdng thic (15) - (17) va (14) ta tinh dugc F;, Fy, F va
luc F.
3.2.  Anh hudng ciia dong xody (dao dong do séng)

Khi dong nudc chiy qua him, xody nuéc sé xudt hién phia sau him.-Nhitng xody nudc nay

sinh ra bdi dong chdy khong déu va khong dn dinh phia sau. Sy roi cla xody gy ra sy thay ddi cia dp
suit nudc tdc dong 1én thanh him.

Tan s6 xody phu thudc dudng kinh him va van t6c dong chdy. N€u tin s8 xody tring v6i tin
s6 chuy€n dong tir nhién ctia nhip hdm thi cng hudng xdy ra va nhip him sé& bi hu hai.

Dao ddng clia dudng him c6 th€ xdy ra theo hudng dong chdy hodc huéng vudng géc dong
chdy trong d6 dao dong xdy ra theo hudng vudng géc dong chdy 1a nguy hiém nhit. Dao dong theo
phuong dong chdy néi chung it nguy hiém hon.

Hudng dong chdy .
_— z A
Ong ném

L

Dao dong theo phudng| vudng gdc ddng chdy

Doo dong theo phudng dong chay
Hinh 4

Su hu hai ctia hdm do chuyén dong xody niy cé thé ngin chin dugc néu nhu tdn s6 xody
khong triing vdi tin s& dao dong ty nhién mot khodng nao d6. Khi d6 dao dong clia hAm 13 nhd nhit.

A " A 3 z S
Tin s6 dao dong clia xody [2]: f, = 57 (18)
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S : 86 Strouhal
A% : Vén t6c dong chiy
D : Pudng kinh v6 hdm hoic chiéu cao ctia ti€t dién ngang hdm

S$6 Strouhal 12 mdt ham clia s§ Reynolds ( nhu hinh vé 5)

0.2 7 —a‘

Strouhal number
| -
]

E— . c
10 10 10 10 10
Reynolds number

Hinh 5
Hoerner chitng minh ring Strouhal number ¢6 thé lién hé véi hé s6 can bing quan hé sau day:

0.21

e (19)
(CD )0.75

Trong trung hgp thdng thudng thi $=0.2.

Tén s& tu nhién clia nhip hdm phu thudc vao d citng ctia hdm, diéu kién géi twa 2 ddu nhip
him, chiéu dai nhip va tai trong [2]:

f = £ ﬂ (20)
" P\M
EI : Do ciing ctia him
L : Chiéu dai nhip him
M : Khéi lugng tdng cong ciia ham / don vi chidu dai
C  :Hing s0 phu thudc diéu kién bién ciia nhip

Vidu : Néu 2 dau nhip 12 g6i gidn don C =[1/2, n€ula ngam C =3.5.

Cho muc dich thi€t k&, dé khong xdy ra cong hudng ngudi ta thuting chon cdc théng s6 clia
him sao cho : f, <0.7f, 21

4. KETLUAN

Puting ham treo trong nudc lam viéc trong diéu kién hét sitc phic tap, chiu cdc tai trong: trong
lwgng riéng clia dudng him va cdc thi€t bi, hoat tai clia xe, dp luc nudc, anh hudng cla dong chiy,
gid, thily tri€u. Ngoai cdc tic dong trén, két cdu dudng him con chiu tic dong clia s6éng. Céch tinh
todn sy dnh hudng clia séng 1€n k&t cdu dudng him di trong nudc dudc trinh bay trong bai bdo nay
nhim muyc dich lam phong phii thém tai liéu tham khdo cho cic nha chuyén mén quan tdm dén linh

vic nay.
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ANALYZING THE IMPACT OF WAVE ON SUBMERGED FLOATING TUNNEL

Le Van Nam , Nguyen Thi Ngoc Phi ?
) University of Technology — VNU — HCM
) Research Institute of Transportation Science & Technology, Branch — Institute in HCMC

ABSTRACT: When designing the submerged floating tunnel, beside the dead load and
the vehicle load, the environment (water surround) has an important impact on the submerged
floating tunnel. It differs from soil (static environment) because water is a movable environment.
Therefore the submerged floating tunnel is affected by many movable factors such as: wave, wind,
flow, tide ...... They cause oscillation and forces to the tunnel as Morison called: inertia force,
drag force and lift force. In this paper, the authors only analyze and calculate the effect of wave
to submerged floating tunnel.
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