NGHIEN CUU BANG MO HINH TOAN VE HIEU QUA GIAM SONG CUA BE NGAM PHA SONG

Nguyén Viét Tién ', Thiéu Quang Tuén’ & Bui Doin Quyét*

Tém tit: Dé ngam phd séng la dang cong trinh bao vé bo bién mang tinh chii dong dang dwegc
dp dung kha phé bién hién nay & nhiéu nwéc trén thé gidi véi tac dung: gidm ndang lwong séng tac
déng; tdi tao va duy tri bo, bdi bién,.... Bai bdo nay dé cdp t6i ndi dung nghién civu sir dung mé
hinh todn ho BOUSSINESQ, duwoc kiém dinh véi két quad thi nghiém mé hinh vit Iy mdng song, dé
phdn tich, danh gid mirc @6 chi phoi ciia cdc yéu té anh hwong nhw do ngdp sau, bé rong dinh, dé
déc mdi ciia dé ngd‘m dé doc bai trde dé dén hiéu qua giam song cia dé ngdm truée bai dé. Két
qud cho thay dé doc bai triede dé va dé doc mai dé c6 anh hu"(mg thir yéu den hiéu qua giam song
ciia dé ngam. Pé ngdp sdu tiong doz va bé réng dinh twong doi ciia dé ngam déng vai tro quyét
dinh trong viéc giam séng ciia dé ngam. Nghién cieu dd lam sang té cdc qud trinh va nguyén Iy co
ban vé hiéu qua giam song cia dé ngam trude bdi dé, can thiét cho viéc dp dung dang cong trinh ¢

nuorc ta.

Twr khéa: dé ngam, bai trwdc dé, mé hinh todn, hiéu qud giam song, dp ngdap sau twong doi,

bé réng dinh twong doi.

I. KHAI NIEM HIEU QUA GIAM SONG
CUA PE NGAM PHA SONG VA GIOI THIEU
MO HINH LAN TRUYEN SONG HO
BOUSSINESQ - PCOULWAVE

1.1. Khadi niém hiéu qud giam song cua dé
ngim

Hiéu qua giam song hay muc do giam chiéu
cao song cua dé ngam dugc danh gia thong qua
ty sd giita chiéu cao song phia sau dé so véi
chiéu cao séng dén trudc dé.
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Trong do6 K, 1a hé s6 truyén song qua dé, € 1a hé
sO d4nh gia hiéu qua giam séng ciia dé ngam, H,, va
H,,; 1an luot 13 chiéu cao song dén ¢ sau va trude dé
dugc xac dinh ¢ khoang cach cach dé mét khoang tir
mot nira dén mot 1an chiu dai song.

Pé ngam c6 hiéu qua giam song cang tot khi
gia tri cia hé s6 K, cang bé hay & cang cao
(e<1,0).
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Hinh 1. So dé tinh todn hiéu quad giam song ciia dé ngam

1.2. Gidi thiéu vé mé hinh lan truyén séng
ho Boussinesq - PCoulwave

PCoulwave 1a mot mé hinh lan truyén séng ho
Boussinesq ciia My dé danh gia hiéu qua chiét

! Trung tam Tu van va Chuyén giao céng nghé Thity loi —
Tong cuc Thuy loi
? Khoa ky thudt Bién - Truong Bai hoc Thuy loi

giam song cua dai ngdm phd song. Pay 1a mot
mod hinh séng bé mit c¢6 nhidu tng dung dé giai
quyét cac bai toan phiic tap vé song dya trén cac
phuong trinh song nudc ndéng phi tuyén va
phuong trinh phan tan ho Boussinesq.
PCoulwave da dugc xac nhéan rong rai va dugc
cong bd tir nam 2002. Cac ung dung chinh cia
mo hinh mi nguén mé nay 1a mé phong song gio
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gan bo, dé chan song, song thiét 1ap giy ra va
dong chay, tuong tac song voi do sau khong déu,
chuyén doi ~gan bo quang pho 16 dat, song than,
qué trinh tién héa song than gan by, ngap lut.

M0 hinh giai hé phuong trinh ho Boussinesq
(Pregrine 1967) theo phuong phép khdi hitu
han.
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Véi ¢ : bién d§ dao dong muc nudc; h: do sau

MHMs 4, 5

nudc; x : toa d§ theo phuong ngang; t: thoi gian; u:
luu toc hudng ngang; C: hé sb chezy; v, h¢ sO
nhét xody; g: gia toc trong truong.

II. THIET LAP, HIEU CHINH VA KIEM
PINH MO HINH TOAN

2.1. Thiét lgp mé hinh thi nghiém vit Iy

Thi nghiém dugc thuc hién tai mang song Ha
Lan thuéc Phong Thi nghiém Thiy luc Tong
hop, Truong Dai hoc Thuy loi. Pé ngam duoc
xdy dung trén bai co do dbc tiéu biéu 1a 1/100
(i=100), véi cac kich thudc: chiéu cao 40cm, do
dbc mai dé m=2, bé rong dinh dé duoc thay doi
voi 03 kich thudce 40cm, 80cm va 120cm.

MHMs 1, 2, 3
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Hinh 2. So' do bé tri nghiém mé hinh vt Iy dé ngam pha séng truée bai dé

Céc kich thudc hinh hoc cta mit cit ngang
deé da lya chon tuong Gng véi ty 1€ mo hinh hoa
vé chidu dai Np = 20 va thoi gian 1a N, = 4,5
(theo tiéu chudn twong t Froude). Tong hop lai
chuong trinh thi nghiém bao gdm 150 thi
nghiém (két hop c6 lwa chon 10 diéu kién song x
5 mikc ngdp nuée x 3 bé réng dé), két qua tir sy
két hop da chiéu c6 lua chon cua cac diéu kién
hinh hoc dé, diéu kién song va diéu kién muyc

nu6e. Thi nghiém séng trong bdo theo phd
Jonswap. Su dung cac s6 lidu song thyc do
trong thi nghiém mo hinh vat ly dé thiét lap,
kiém dinh va hiéu chinh mé hinh toan.

2.2. Hiéu chinh va kiém dinh mé hinh todn
thong qua mé hinh vat ly

So dd mod hinh toan duogc thiét 18p tuong tu
nhu mo hinh vt 1y (xem Hinh 3).
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Hinh 3. Mt cdt doc trong mo hinh $6, don vi (m)

2.2.1. Piéu kién bién song:
- Str dung s6 liéu song thuc do tai vi tri trude
chan cong trinh 1am s6 liéu dau vao cho mo
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hinh toan, chuoi so li€u song nay cé vai tro nhu
mot ngudn phat song mod phong trong md hinh
toan.
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-S4 lidu song thue do sau cong trinh s€ dugc
stir dung dé so sanh véi chudi séng tinh toan mo
phong trong mé hinh. Py chinh 1a co s& dé hiéu

2.2.2. Tham s6 ciia mé hinh

chinh kiém dinh mé hinh sao cho chiéu cao song
trong s0 li€u tinh toan va thuc do c6 khoang sai
1éch nho nhat.

SPONGE LAYER

sw
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Hinh 4. L6p hdp thu séng tai phia bién (sponge)

- Hé s6 nhot xody cua chat long (hé s6 Eddy
trong mo hinh) phu thudc vao tinh chat ciia chat
long, gia tri dao dong tir 0,05 dén 02.

- D6 nham bé mat: hé sb nay rat nho, co gia tri
khoang 9,9999997E-05 (m) (Rought height).

- Hé s6 hap thu song ciia 16p xdp tai bién dau
vao va bién phia sau cong trinh. Lép hap thu
song (sponge layer) thé hién nhu mot chat hap
thy nang luong séng hiéu qua, c6 kha ning hap
thy gan nhu hoan toan séng phan xa va bé rong
16p hap thu nay it nhat phai bang mot nira chiéu
dai con song.

2.2.3. Xdc dinh bg tham s6 mo hinh

- M6 phong song lan truyén qua dé ngam
truong hop dinh dé rong 40cm, do ngap nudc
20cm, song dau vao 1a H15T20 (ttc Hg=15cm,
T;=2.0s). Sau mdi trudng hop md phong s& thu
dugc ket qua la song tinh toan tai ngay vi tri
ngudn phat séng va vi tri phia sau cong trinh.

- Bang phép thir dan khi 1an luogt thay doi gia
tri cac tham s6 chinh trong mo hinh sé (hé s6
nhdt xoay, d6 nham bé mit, 16p hap thu song
phan xa tai bién dau va bién cubi cua mién tinh
toan) cho téi luc sy sai 1&ch chiéu cao song tinh
toan va thuc do nam trong khoang c6 thé chip
nhan duoc.

Bang 1. Bang hiéu chinh cdc tham s6

Hé 56, P06 nham Right Sponge left Hu Hu Hii/Hi Hin Hin Hie/
nhot xody Sponge (m) (m) Hip
0,05 1,00E-07 10 9,00E-03 0,1835 [0,2000 | 1,0899 0,1251 10,1216 | 0,972
0,10 1,00E-07 10 9,00E-03 0,1835 [0,1996 [ 1,0877 0,1251 10,1201 [0,9600
0,15 1,00E-07 10 9,00E-03 0,1835 [0,1991 1,085 0,1251 10,1199 [0,9584
0,20 1,00E-07 10 9,00E-03 0,1835 [0,1991 1,085 0,1251 10,1198 ]0,9576
0,20 1,00E-02 10 9,00E-03 0,1835 [0,1991 1,085 0,1251 10,1187 [0,9488
0,20 1,00E-05 10 9,00E-03 0,1835 [0,1991 1,085 0,1251 10,1199 [0,9584
0,20 1,00E-07 10 9,00E-03 0,1835 [0,1991 1,085 0,1251 10,1199 ]0,9584
0,20 1,00E-07 9,00E-03 0,1835 [0,1993 [ 1,0861 0,1251 10,1202 [0,9608
0,20 1,00E-07 9,00E-03 0,1835 [0,1993 [ 1,0861 0,1251 10,1202 [0,9608
0,20 1,00E-07 10 1,00E+00 ]0,1835 [0,1993 | 1,0861 0,1251 10,1202 [0,9608
0,20 1,00E-07 10 0,00E+00 ]0,1835 [0,1993 | 1,0861 0,1251 10,1202 [0,9608

(Ghi chu: Hy;, Hy, Hua, Hypo lan luot la chiéu cao song tinh toan va thuc do tai hai diém trucc va sau

chdn cong trinh)
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Sau rat nhiéu truong hop mo phong, ¢6 thé  hinh trong cac truong hop khac, pham vi kiém
thdy rang su sai khac gitta tinh toan va thuc do  tra gdm cé: dudong qua trinh séng, pho song.
khong nhiéu, do d6 mé hinh cé thé tin cay dugc. Qua phan tich phd song tinh toan va thuc do
Mit khac, bién thién gié tri cic két qua tinh toan  ta thdy: Chu ki phd, d6 16n dinh phd kha twong
mdi 1an hiéu chinh ciing khong 16n cho nén c¢6 ddng nghia 1a tinh chit va ning lugng song
thé tam thoi khang dinh ring mo hinh s6 ¢ tinh  twong duong nhau. M6 hinh c¢é d¢ tin ciy cao
6n dinh cao. hoan toan c6 thé st dung dé mo phong cho cac

2.2.4. Két qua kiém dinh mé hinh truong hop dac biét khac trong linh vuc nghién
Sau khi tim dugc bd tham s6 ti wu cho mé  ciu cong trinh bién.
hinh, tién hanh budc kiém tra sy 6n dinh cua mo

1520 1535 1540 1545 1550 1555 1560 1565 1570 1575

Hinh 5. Buong qua trinh song ¢ muc nuoc 0,50 m Hinh 6. So sanh phé séng tinh todn va thiee do

I MO PHONG CAC KICH BANMORONG i véi cac gia tri: B=0,2m; 0,4m; 0,6m; 0,8m;

Tir bo tham s6 m6 hinh dd dugc hiéu chinh ¢ 1,0m; 1,2m; 1,4m; 1,6m; 1,8m; 2m; Hé sé mai
trén, mo6 hinh da duoc ap dung dé mo phdéng cac  dé m=2; do ddc bai trude dé i=100; Do ngép cua
kich ban m& rong cho cac trudng hop thay doi  dé S=0,2m.
vé cdu tao hinh hoc dé (bé rong dinh dé, hé sb Str dung mé phong hai con song cod cung do
mai dé), do doc bai trude dé, 4o ngap ciia dé va  16n chiéu cao song Hs nhung khac nhau vé tan
céc tham sb song tai bién song dau vao. Vi hon s, tirc 1a chiéu dai song khac nhau (md phong
100 truong hop tinh cho cac kich ban mé rong  séong H20T20 va H20T25 tiec H=20cm, T,=2s
da danh gid dugc muc do anh hudng cua cac va H=20, T,=2,5s); tr d6 tim ra mbi lién hé
yéu t6 dén hiéu qua giam song cua dé ngam. giitta bé rong dinh dé va chiéu dai séng anh

3.1. Bé rpng dinh dé thay doi huéng dén hiéu qua giam séng.

B¢ rong dinh dé ngam s& lan luot dugc thay

| 3m | ‘ 15m |

| | ! |
Hinh 7. So do tinh todn mé phéng khi bé rong dinh dé thay doi
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Biéu d6 anh hwéng cuia bé rong dinh dén kha nang giam
song clia dé ngam

40,00
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Kha nang giam séng

0,20 0,30 0,40

Ty s6 BIL (Séng H20T20)
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Hinh 8. Anh huong ciia bé réng dinh dé dén hiéu
qua giam song (H20T20)

Nhan xét: Tir két qua thé hién ¢ Hinh 8 va
Hinh 9 cho thay rang tinh 6n dinh trong mo
phong cia mo hinh khi xét dén anh huong cua
bé rong dinh dé rat tbt, biéu dd tron, khong co
diém ki di. TUr hai biéu dd néu trén c6 thé rat ra
két luan vé anh hudng cta bé rong dinh dé dén
hiéu quéa giam song ctia dé ngdm nhu sau:

- Véi cing mét con song t6i, bé rong dinh dé
cang lon thi hi€u qué giam soéng cang cao.

- Vé6i cing mot bé rong dé, con séng ¢ chu ki
cang 16n thi kha ning giam séng cang nhiéu.

Biéu d6 anh hwong cla bé rong dinh dé dén kha nang giam
séng clia dé ngam
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Hinh 9. Anh hwéng cia bé réng dinh dé dén hiéu qua
giam song (H20T25)

Két luan: Yéu t6 bé rong dinh dé 1a mot trong
nhimg yéu t6 anh huéng nhiéu, quan trong dén
kha nang hap thy séng ctia dé ngam.

3.2. D ngdp nwdc ciia dé thay doi

Chon bé rong dinh dé B=0,4m; Do ddc mai dé
m=2; Do dbc bii trude dé i=100; PO ngap nuoc
ciia dé lan lwot S=0.3m; 025m; 0,2m; 0,15m;
0,10m; 0,05m; 0,0m; Trong truong hop nay s€ mo
phong cho cac con song c6 cung chu ki nhung khac
nhau vé chiéu cao song. Dudi day 1a két qua sy md
phong cta song H15T20 va H20T20:

Biéu db dnh hwdng cda 6 ngap d dén khi ndng gidm séng
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Hinh 10. Anh huong ciia dé ngdp mede cia dé dén
kha nang giam song (H20T20)

Nhén xét: Tir biéu d6 ¢ Hinh 10 va Hinh 11
thé hién mdi quan hé gitra d6 ngap nudc cia dé
v6i chidu cao song t6i cong trinh d6 1a:

- Véi truong song co chiéu cao song dén
khong d6i, d6 ngap cang nho thi hiéu qua giam
song cang 16n. Khi d6 ngap ting dén mot gia tri
nao d6 thi kha ning giam song cua dé ngam co
xu hudng di ngang trén biéu do.

- V6i mot do ngdp khong ddi, song co
chiéu cao cang 16n thi hiéu qua giam soéng cia
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Hinh 11. Anh hudng ciia dg ngdp nude cia dé dén
kha nang giam song (H15T20)

dé cang cao.

Két luan: Yéu t6 do ngdp nudc cua dé ciling
1a mot trong nhitng yéu té anh hudng nhiéu dén
kha nang hap thy séng ctia dé ngam.

3.3. H¢ s6 mdi dé thay doi

Mo phong cho dang mit cit dé co bé rong
dinh dé B=0,4m; dé ngap S = 0,2m ; bai trudc
dé a6 dbc i=100; hé s6 mai dé thay do6i 1an luot
la: m=1,5; 2; 2,5; 3; 3,5; 4, M6 phdéng song
H20T?20.
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Hinh 12. Mt cat tinh todn trong mé hinh khi thay doi hé sé mdi

Biéu dé kha niang giam séng khi hé s6 mai dé thay déi
25,00
* 21,94
20,00
< < 18,93
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2 ¢ 13,48
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£ 10,00 -
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5,00
0,00 T T T T T T
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5
Hé sb mai

Hinh 13. Biéu do hiéu qua giam séng khi hé s6 mai dé thay doi

Nhan xét: Tir biéu d6 ¢ Hinh 13 cho thay
rang d6 ddc mai dé cang thoai thi hiéu qua giam
song cang cao, tuy nhién kha nang anh hudng
khong nhiéu, mat khac do déc mai dé thuong
phu thudc vao vat liéu cua dé, do d6 bai toan
lam cho dé cang thoai dé hiéu qua giam song
cang cao la khong kha thi.

3.4. Bdi trudc dé thay déi

Pia hinh bii truéc dé bién nude ta rat da

dang va phuec tap, do dbéc & méot khu vuc nao do
tuan theo quy luét on dinh ty nhién tic 1a chiu
anh hudng chi phdi boi dia chat nén, kich ¢& hat
bun cat va ché d6 song ¢ d6 (song cang 16n va
duong kinh hat bun cat cang nho thi d6 doc bai
cang nho va nguoc lai). Nhin chung d6 dbc bai
bién (bdi cat) la tuong ddi nho, dao dong tir
1/100 dén 1/250 (i=100+250).

Biéu dé kha nang giam séng c6 xét dén dé déc bai trwéc dée

16
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D6 déc bai truéc dé

Hinh 14. Biéu d6 hiéu qua giam séng khi @ doc bai triede dé thay doi

Chon bé rong dinh dé B=0,4m; Hé s6 mai dé
m=2; PJ ngdp nudc cua dé S=0,2m. Lan luot
mod phong cac truong hop voi cac bai trude dé
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c6 dd dbc khac nhau (hé sb bai déc i=200;
i=150; i=100; i=50; i=30); song mo phong
H20T20.
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Nhan xét: Anh hudng cua d6 dbc bai trude
dé rat nho dén hiéu qua giam séng cia dé ngam
va dé ngam dat trén bai bai dé cang thoai thi
hiéu qua giam song cta dé cang nhiéu.

3.5. Thay doi diéu kién song

Chon d6 ngap nudc cua dé S=0,2m; Bé rong
dinh d&¢ B=0,4m; Do doc mai dé m=2; Lén luot

mo phong cho 10 diéu kién soéng khic nhau:
H10T12; H10T15; H12T15; H15T15; H15T20;
H20T20; H20T25; H22T20; H22T25; H25T25.
Tir két qua tinh toan ¢ trudng hop nay co thé
kiém nghiém thém mdi quan hé giita chiéu dai
song va bé rong dinh dé, gitta chiéu cao song
v6i do ngdp nudc cia dé.

Twrig LG gilia stny v T8 ngam

= 0.2s

=

S 0.z

o

s

8 018

i 010

E /‘\/
= nis

S —

=

z 0.20 - .

e Py "= 2 P
Q ) k@' n\'ﬁ Nz
i & & &

Sangma phdng

Hinh 15. Biéu do hiéu qua giam song khi diéu kién séng thay doi

3.6. Phan tich dinh gid két qua

3.6.1. Anh huong d ngdp nude cia dé

Xét anh hudng cua d6 ngap nude twong doi
S/H, dén hiéu qua giam song cua dé ngam: Tir
chudi cac s6 liéu mo phong ung véi cac truong
hop do ngap khac nhau, thay rang trong cing
mét diéu kién bé rong dé cho trudc, do ngap
tuong ddi cia dé cang 16n thi hiéu qua giam
song cua dé cang bé va nguoc lai. Vi d6 ngap
S=0 (hay dinh dé ngang muc nudc) thi hé sd
truyén trung binh qua dé dat gia tri cao nhat.
Khi do ngép tang 1én 16n hon khoang 1,8H; thi
hiéu qua giam song cua dé con lai rit bé va hau
nhu khong con tac dung gidm song nira.

3.6.2. Anh huong ciia bé réng dé

Xét anh huong cua bé rong twong ddi B/L,
dén hiéu qua giam séng cua dé: Qua cac chudi
s liéu, thay rang trong cung mot diéu kién ngap
nude thi bé rong twong ddi cua dé cang 1n thi
hiéu qua giam song cta dé cang 16n hay hé s6
truyén song qua dé cang nho. Tuy nhién khi bé
rong tuong dbi tiép tuc tang dén mot gia tri nao
do (khoang B/L,~0,5) thi hiéu qua gidm song
ctia dé s& co xu hudng di ngang trén biéu d6 va
khong tang nita tng voi mot muc do ngap va

tham s séng di cho (méi quan hé € va B/L, c6
xu hudng phi tuyén, dong bién). Quan hé nay rd
nét nhat véi cac truong hop cé mirc ngap nudc
bé (S<0,Im). Véi cac truong hop c6 muc do
ngap nudc 16n hon can phai xem xét dén anh
hudng mot cach tong hop c6 ké dén tuong tac
Vi cac tinh chat song (chiéu dai, chu ki song).

IV. KET LUAN

Thong qua ung dung md hinh todn
PCOULWAVE, dugc kiém dinh véi két qua thi
nghiém mé hinh vat 1y mang song dé phan tich,
danh gid mirc d chi phéi cua cac yéu td anh
hudéng nhu d6 ngap sau, bé rong dinh, do dbe
mai cua dé ngﬁm, do ddc bai trude dé dén hiéu
qua giam song cua dé ngdm trudc bai dé. Két
qua cho thiy d6 ngap nudc cua dé, bé rong dinh
dé 1a cac tham sé anh huong chinh déng vai tro
quyét dinh trong viéc giam song cia dé ngam.
Do doc bai trude dé va do déc mai dé co anh
hudng thtr yéu dén hiéu qua giam song cia dé
ngam.

Nghién ctru da lam sang té cac qua trinh va
nguyén 1y co ban vé hiéu qua giam song cua dé
ngam trudc bii dé, can thiét cho viéc ap dung
dang cong trinh nay ¢ nudc ta.
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Abstract:
STUDY ON WAVE REDUCTION EFFICIENCY OF FORESHORE SUBMERGED
BREAKWATER USING MATHEMATICAL MODELS

Submerged breakwater has been popularity applied in many countries in the world as an active
coastal protection solution. This type of structure reduces wave energy, restore and maintain shore,
beach... This article refers to study results using BOUSSINESQ mathematical models that were
validated with the results of wave flume physical model tests to analyze and evaluate the influence
of parameters (submergence depth, crest width, structure slope, and foreshore slope) on wave
reduction efficiency of foreshore submerged breakwater. Results showed that structure slope and
foreshore slope do not have significant influence on wave reduction efficiency of the structure.
Relative submergence depth and relative crest width play an decisive role on wave reduction
efficiency of submerged breakwater. The study demonstrated fundamental processes and principles
of wave reduction efficiency of foreshore submerged breakwater, which are necessary for applying
this type of structure in Vietnam.

Key words: submerged breakwater, foreshore, mathematical models, wave reduction
efficiency, relative submergence depth, relative crest width.
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