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BAN TOM TAT

Ba m6 hinh bao gdm mé hinh séng, mé hinh van chuyén bun cat va mé hinh dién bién day
duogc két hop dé mo phong sy thay dbi mai dc bd bién dudi tac dong cua song thing goc véi bd. Mo
hinh dugc ap dung tinh toan thir nghiém cho 2 trudng hop. Truong hop thir nhét 1a mo phong su
chuyén dich va bién dang cia mot mé cat dudi tac dung cua song. Truong hop th hai 1a ap dung mo
phong su thay d6i mai dbc bd bién co kich thude thyc té dugc xay dung trong phong thi nghiém. Két
qua do dac thuc nghi€ém dugc so sanh véi két qua tinh toan dé danh gia muc do chinh xac cua mo
hinh.

ABSTRACT

Three models including the wave model, the sediment transport model and the bottom
evolution model are coupled together to simulate the bottom change under the action of cross-shore
waves. Two applications for the coupled model are carried. The first application is to simulate the
movement and deformation of a sand bar under the action of waves. The second one is to predict the
profile change of a model beach with the real size in laboratory. The experimental data and model
results are compared to evaluate the accuracy of the model prediction.

1.GIOI THIEU Mo hinh héa qua trinh thay d6i mai doc
Mot trong nhitng nguyén nhén gay ra su bo bién dwoc két hop trén 3 mé hinh co ban
x0i 16 bo blen 1a do tac dong cua song. Séng nhu sau :
truyén tir mién nudc sdu vao bo, khi tién gan + Mo hinh séng khu vuc nudc nong cod
b, d6 sau nudc giam dan 1am chidu cao song xét dén su phi tuyén cia hang s6 séng do anh
gia tang. Khi ting dén mot chiéu cao gidi han hudéng d¢ sdu nudc nong
thi song mat 6n dinh va v& ra. Tai khu vuc + Mb hinh chuyén tai bun cat khi song
song vO, dong chay dao dong manh va tac v& va lic chua vo
dong truc tiép 1én mai doc bo bién gay ra xoi + M5 hinh mé phong su dién bién day
16. Ba md hinh trén dugc ap dung luén phién
DPé mé phong hién twong x6i 16 trong khu dé mo phong sy twong tac giita cac yéu tb véi
vuc trong va ngoai song v& doi hoi can phai nhau. M6 hinh dugc danh gia bang viéc tinh
xéac dinh cac yéu t6 song nhu chiéu cao song, toan dién bién cia mot mé cat dudi tic dong
vi tri song v, dong chay do song v&, ing suat cua song va mo phong su sat 1o cia mot mai
do song tac dung trén day va tir d6 xac dinh su dbc bo bién dudi tac dong cua séng trong
chuyén dich bun cat. phong thi nghiém.
Qua trinh dién bién x6i 10 bo bién 1a mot 2.CAC MO HINH KET HOQP :
qua trinh kha phirc tap nén da c6 nhiéu cach 2.1 M6 hinh séng :
tiép can khac nhau. Trong nghién ctru nay, mo Mo hinh RefDif duoc phat trién boi Kirby
hinh hoa qua trinh x6i 16 chi xem xét truong va Dalrymble (1994) dugc st dung dé md
hop song tic dong thing goc véi by 1a chinh phong su thay doi chiéu cao song va vi tri song
yéu. v0 trong khu nudc ndng. M6 hinh RefDif su

dung phuong trinh truyén song trén mai doc 1ai
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(mild slope equation) cua Berkhoff (1972) da
duoc chuyen d6i dudi dang parabol boi Kirby
(1986) va so tan xa song (disperson relation)
phi tuyén theo Hudges (1976). V&i su cai tién
nay mé hinh cho phép xac dinh dugc chiéu cao
song kha chinh x4c trong vung nudc ndng khi
chidu sdu nudc kha nhé lam cho song khong
con 1a song tuyén tinh nita. Céc chi tiét vé mo
hinh RefDif cling nhu céc kiém chimg mé hinh
c6 thé xem trong [2], [4], [6], [7].

2.2 M6 hinh chuyén tai bun cat:

Sy van chuyén bun cat 1a yéu té quan
trong cho sy thay d6i mai déc b bién. Do céu
tric dong chay trong khu vyc song v& kha
phirc tap, nén dé xac dinh su chuyén tai bun
cat trong khu vy ndy nhiéu mé hinh vi mé da
dugc nghién ctru dé xac dinh sic tai cat. Cac
mé6 hinh tinh téan stc tai cat da duoc
Maruyama théng ké kha day du trong [5].
Trong bai bao ndy sit dung md hinh cia
Watanabe (1986) dé xac dinh stic tai cat trong
va ngoai vung song vo. Mo hinh cia Watanabe
dua khai niém nang luong (energetic concept)
va chdp nhan rang suc tai cat co thé dugc xac
dinh theo tng suat day cta song khi gia tri cua
nd vuot qua mot gia tri phan gidi nao do.

Strc tai cat toan phan dudi tic dung cia
song theo Watanabe va cai tién boi Horikawa
(1988) c6 thé duoc md ta nhu sau:

A .
qw = FD _W(Tb,w _Tcr)ub (1)
Pg

Trong do
gw : suc tai cat do song
p : Khoi lugng riéng cua nudc bién
g :giatdc trong truong
il : Van tdc tai 16p bién séng

Céc thong s6 khac duge xac dinh nhu sau:

- Thong s0 Ay, :
B w, f

AM/
A=M)(s =Dy (s -Dgd

2

vOi:

B,, : hé sb v6 thir nguyén

A: d0rong

wy : van toc léng hat bun cat

d : duong kinh hat bun cat

s : ti trong hat bun cat s=p,/p

ps : khdi lugng riéng bun cat

e He¢ s6 ma sat (f;,) ( Nielson, 1994)

ké § 0.2
> ~6.3 3)

b

f., =exp 5.5[

voi: ]
ks, : HE s0 ma sat bi€u kién do song
A D0 1éch cua quy dao song (bottom
peak orbital excursion),
n H
Ay =——
2 sinhkh
H: chiéu cao song
k :s0song
h : chiu sau nudc
- Ung suat day do song (Ty.w)

Ung suit day do song trung binh theo thoi
gian dugc xac dinh theo Van Rijn (1989)

1 .
Ty, =pru,u§ 4)

Trong do:
l5: Van toc tai 16p bién séng (pick
orbital velocity)
N H
Ug=———
T sinh(kh)
T : Chu ky séng
- Ung suét day phan gidi do song (t.,)
Trong nghién ctru ciia Van Rijn (1993), cac
két qua thi nghiém tmg sudt phan gidi cua
chuyén dong song dugc so sanh véi gia tri cua
duong cong Shields cho thdy dudng cong
Shields ciing kha thich hop véi chuyén dong
song. Do d6 trong mé hinh ndy sir dung chi
tiéu phan gidi caa Shields dé xac dinh (mg suat
day phan gidi
- Ham chi hudng (F):
Ham chi huéng dya trén thong sO
Ursell chi mirc do phi tuyén cua chuyén dong,
phu thudc vao véan tdc dao tudn hoan cua céac
phan tr chét long do séng va dong chay do
song. Ham Fy duge dung dé xac dinh chiéu
chuyén dong va muc do tap trung cta dong

(6))

bun cat.
I1, -1II
Fd =tanh KdH—C (6)
Véi:
n: h
-2 @
sgd L,

F,;: Ham chi hudng
Ly : Chiéu dai song nudc sau
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K, : Hé s6 kiém séat mirc d¢ thay doi
strc tai cat quanh diém khong ( null point)

I1. :gi4 tri phan gii cua IT tai diém
noi strc tai cat bang khong. Gia tri cua IT, c6
thé 14y bang 1 hodc co thé xac dinh qua thir
nghi€ém cuia mo hinh. Khi IT nhé hon IT, ( F4 >
0) dong bun cat di chuyén theo phwong truyén
song va khi IT 16n hon I, thi dong bun cat
theo chiéu nghich lai.

2.3 M6 hinh dién bién day:

Phuong phap sai phan hitu han duoc dung dé
giai (8). So dd sai phan tién (upwind) hay sai
phan Iui (backwind) dugc ap dung tuy theo
chiéu chuyén tai bun cat, do d6 trong mé hinh
c6 thé cin hodc khong can didu kién bién [4].
III. AP DUNG TINH TOAN:

Hai truong hop tinh téan dugc ap dung la
(i) md phong su chyén dich cia mot mo cat
dudi anh hudng cia song va (i) mo phong su
dién bién ctia mot mai doc bo bién do tac dong
ctia song thang goc. Truong hop tinh toéan (i)
ding dé kiém tra su tuong tac hop 1y giita cac
moé hinh va truong hop tinh toan (ii) dung dé
danh gid muc d6 chinh xac cua mo hinh.

3.1 Su chuyén dich cia mé cat diroi tic
dung cia song:
3.1.1 Mb ta mién tinh toan:

Mot mo cat c¢6 duong kinh hat d = 0,27
mm c6 dang 1a mot phan cta cung tron cao Im
(hinh 1). M6 cat dat trong kénh chir nhat co
kich thuéc 100m dai va rong 9m (hinh 2).
Phuong trinh dang mat cong cia md cat theo
biéu thirc
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Duéi sy tic dong ung suét song, bun cat s&
bi chuyén dich. Phuong trinh bao toan khoi

lugng cho :

%O, _eia 1%, . | o)

ot - ox q. s19x ox 6_}/ qy sqy 6}/
®

Voi :

zp : cao trinh day
qx » gy : suc tai cat theo phuong x, y

& : hé sO0 on dinh mai doc duoc xac
dinh bang thuc nghiém.

hy al) ai h
Z= |04 20 | x| =0 _T0
2 2h, 2h, 2

Z=0 X<a,0r X>a,

-a,<X<a,

(©))
vii

hy: chiéu cao mo cat, hy=1m

ap : khoang céach tir tim dén mép mo
cat ap=10m

Hinh 1: Hinh dang m6 cat ban dau



_—

Huéng song

Hinh 2 : Vi tri mé cat ban dau

3.1.2 Cic thong sb tinh toan:

-Théng s6 song: Song truyén tir thuong luu
vé ha luu véi chiéu cao song dén H, = 0,4 m
voi chu ky T = 9s.

- Ludi tinh toan Ax = Ay = 1m va budc
thoi gian At =1 gio

- Piéu kién bién cho m6 hinh dién bién day
1a xem day thugng va ha luu khong ddi .

- Cac thong s cho mé hinh st tai cat:

e Heé s6 khong thir nguyén B,, =7

e Dordng: A=04

e Hé sd ma sat biéu kién do song K, =

0,1 m

e Ty trong bun cat: s =2,65

e He¢ s6 kiém soat m {rc do thay ddi stc

tai cat quanh diém khéng (null point) K, =

1

e Giatri phan gi6i I, =1

e Hé s anh hudng d6 doc & =0
3.1.3 Két quia tinh toan:

M6 hinh dugc ap dung md phong su
chuyén dich cua md cat trong thoi gian 400
gi0. Hinh 3 m6 ta hinh dang, vi tri mé cat va
két qua tinh toan chiéu cao séng ¢ thoi diém
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ban dau (t = 0 gid). Séng trong khu vuc trude
md cat co chiéu cao 1a 0,4 m, khi song di
chuyén dén gan dinh mé cat do do sau nudc bi
giam 1am ting chiéu cao séng. Sau khi song di
chuyén qua khoi mo cét chiéu cao song tro lai
binh thuong. Két qua tinh téan cho thdy mb
hinh séng mo phong dién bién séng kha tot.
Hinh 4 trinh bay dién bién cia stc tai cat khi
song truyén qua md cat. Ta thiy suc tai cat
trudc , trén va sau mo cat déu co gia am, déu
ndy cho thiy phuong chuyén dong cia dong
bun cat nguoc chiéu voi chidu truyén song.
Trong khu vuc trudc va sau mo cat stc tai cat
¢6 gia tri khong d6i. Nhung trong khu virc mo
cat, tr chan dén dinh mé cat phia thuogng Iuu,
gi4 tri stc tai cat ting dan theo phuong truyén
song hay néi cach khac 1a giam dan theo
phuong chuyén dong dong bun cat, do d6
trong khu vuc nay s& sinh ra boi ling. Nguoc
lai trong khu vuyc tir dinh mé cat dén chéan phia
ha luu, gia tri suc tai cat giam dan theo
phuong truyén soéng hay theo phuong dong
bun cat thi gia trj sirc tai cat ting dan. Didu ny
cho thdy khu vuc nay sé& sinh ra x6i 16.
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Hinh.5 Sy bién dang va vi tri mé cat tai cac thoi diém khéc

nhau

Hinh 5 mo ta sy bién dang va vi tri mé
cat tai cac thoi diém t =0 g, 100g , 200g, 300g
va 400g. Két qua tinh toéan cho thly mo cat
dich chuyen dan vé hudng nguoc chidu véi
phuong truyén song. Hinh dang mé cét khong
con dbi ximg, mat phia thuong luu kha déc va
mat phia ha Iuu thoai dan. Chiéu cao mo cat
giam dan theo chiéu chuyén dong.

Qua trinh dién bién ctia mé cat cho
thdy viéc két hop cic md hinh séng, md hinh
chuyén tai bun cat, mé hinh dién bién day da
c6 su twong tac kha tot. Két mo phong kha phu
hop voi ban chat vat 1y hién tugng chuyén dich
ctia cac mo cat dudi anh hudng cia song.

3.2. Su thay ddi mai déc bo do tac dong cia
song:
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3.2.1 M ta mién tinh tosn:

M6 hinh dugc 4p dung dé mé phong su sat
16 mdt mai dée bd bién nhén tao 6 kich thude
béng kich thudc thuc té dugc xay dung tai
phong thi nghiém CRIEP (Center Research
Institute of Electric Power Industry in Japan).
M6 hinh dugc dat trong mot mang dai 205 m,
rong 3,4 m. Mai déc bo bién c6 do dbe 3/10
(hinh 6) va cat c6 duong kinh 0,27 m
(Horikawa,1988).
3.2.2 Théng sb tinh toan:

- Thong s6 séng :

Séng dén & d6 sau 4 m véi chidu cao
song H, = 1,06m
Chuky song T= 4,5s



e Chiéu dai song (nudc sau): L = 25,48
m
- Ludi tinh todn : Ax = 1,5 m va Ay = 1 m
(100 x10 nut)
- Piéu kién bién xem day ¢ bién dau va cubi
¢ dinh
- Thong s6 mé hinh sirc tai cat:
e Heé s6 ma sat biéu kién do song k,,, =
0.02 m.

He¢ sb anh huong mai déc: &= 1

Do rong: A =0.4.

Ti trong cat: s = 2.65.

Hé sb vo thir nguyén : B, = 3.

Gia tri phan gioi [1. =1

Hé sb kiém soat su thay ddi stre tai cat
quanh diém khong: K, = 1

15 | Song dén
" | H=1.6m, T=45s
—>

0,5 A
E-054 T
=
3 e
E-154 -
s
[+

2,5 """ Mai dbc 3/10
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Hinh.6 Mai d6c b bién tai thoi diém t =0

3.2.3 Két quia tinh toan:

M6 hinh dugc 4p dung md phong su thay
d6i mai doc trong thoi gian 78 gid véi budc
thoi gian At = 1800s.

Dé khao sat cac yéu té tac dong dén dién
bién mai ddc, hinh 7 trinh bay chiéu cao song,
gia tri stc tai cat va profile mai ddc tai cac thoi
diémt=0g(---),t=40g (xxx )vat=78g
). .

Puong bieu dién trén cung (hinh 7) chi
chidu cao song, ta nhan thdy chiéu cao song
dén Hy, = 1,06 m tang dan khi séng di vio bo,
dén mot do cao cuc dai va roi nhanh chong
giam dan dén khong. Vi tri ¢ chiéu cao song
cuc dai do 1a vi tri song vo.

Puong biéu dién & giita chi gia trj cia siic
tai cat. Ta thiy hau hét trén toan bd mai déc bo
bién strc tai cat mang gia tri 4m, cho thay
huéng di chuyén dong bun cat ngugc chiéu
song dén. Nhu vay hau hét dudi tac dong cua
song thang gdc v4i b, bun cat bi di chuyén ra
huéng bién. Trén mai déc bo bién, tir vi tri
song v& di ra huéng bién, gia tri stc tai cat co
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khuynh huo*ng giam dan, didu niy cho thiy
khu vuc ndy s& c6 khuynh huong bi bdi. Trong
khi d6 tir duong bo (vi tri cao nhit ctia mai
dbc) dén vi tri song v, gia tri st tai cat ting
dan cho thidy khu vyc ndy (surfzone) co
khuynh huéng bi x61. Trén mat mai dbc c6 mot
khu vue gan gitta mai déc ( diém 1), gia tri stc
tai cat khong d6i, duong biéu dién stc tai cat
nam ngang. Pay 1a khu vyc khong bi bdi hoic
x01, trong mo hinh dugc goi 1a null point.

Dién bién mai dc bo bién trong thoi gian
75 gio duge minh hoa trong hinh 7 cho thiy c6
hai khu vuc boi x6i 1o rét, phﬁn tir vi tri song
v6 huong vao duong bo ( surfzone) bi x0i, va
luong bun cat ndy dugc di chuyén ra boi dap
trong khu vuyc tir diém song v& hudng ra bién.
Xét vé ban chit vat ly, hién tuong di chuyen
bun cat tir khu vuc song v ra boi dip khu vuc
trude song vo 1a didu hop 1y.

Pé xem xét mirc dd chinh x4c ctia mod
hinh, hinh dang ctia mai déc do song tac dong
sau 75 gid mo phong boi mo hinh va két qua
thuc do trong phong thi nghiém dugc trinh bay
trén hinh 8. Két qua cho thdy mé hinh md



phong kha phi hop cac khu vuc bdi x6i trén
mat mai ddc. Tuy nhién c6 mot vai diém khac
biét 1a mic d6 boi thuc té tap trung ngay vi tri
trudc song vd nén tao ra sy boi léng manh liét
tai vi tri ndy, trong khi mé hinh mé phong su
bdi ling xuat hién ddng déu hon trong khu vuc
trudc séng vd. Trong khu vuc song vd, dién
bién x6i thyc té xdy ra & pham vi ngdn hon so
v&i mo hinh.
IV.KET LUAN :

Tir cac két qua trén cho thdy viéc két hop
3 mod hinh séng, chuyén tai bun cat va dién
bién day cho phép mo phong dang hién tuong
bdi x6i dudi tac dong cua song thang goc voi
bo. Tuy vé két qia so sanh voi so lidu thi
nghiém chua dat dén muic d6 chinh xéc hoan
toan. Ly do 1a trong khu vuc song v3@, hién
twong dong chdy kha phtrc tap ma trong mo
hinh chi c6 thé mé phong su chuyén dich bun
cat theo md hinh thuc nghiém ctia Watanabe,
dya trén ung sudt ma sat do song duoc xéac
dinh tir yéu t& co ban la chiéu cao séng. Tuy
vay v6i két qua tinh toan cho phép c6 thé phat
trién mo6 hinh dé dy bao khuynh hudng bdi x6i
khi ma tac dong cua séng thing gbc véi bo 1a
chu yéu.
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