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Abstract. Stem waves exist and develop along the vertical structures by the interaction
between the incident waves and the reflected waves in cases of the obliquely incident waves.
Stem waves impact on the safety of ship navigation and the vertical structures. In addition,
Stem waves may increase wave-overtopping amount in extreme weathers. Thus, Stem waves
should be seriously considered in the designing process of the vertical structures. This study
applies the extended Boussinesq equations for waves in porous media to investigate the
evolution and propagation of Stem waves in front of the vertical rigid and porous structures.
Numerical results from the present extended Boussinesq model for Stem waves in front of a
vertical wall are well verified with those of the SWASH model and the experimental data. For
obliquely incident waves to a vertical rigid breakwater, Stem waves develop and propagate
along the vertical rigid breakwater and are clearly shown in cases of the large incident angles
and high nonlinearity. For a vertical porous breakwater, Stem waves still exist and develop
along the structure though wave heights decrease due to energy dissipation inside the porous
structure. The research results can be applied for the accretion or erosion investigation in front
of vertical porous structures.

Keywords: Stem waves, overtopping, vertical rigid breakwater, vertical porous structure,
Boussinesq model, SWASH model.
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Tom tit. Song Stem la song dwoc hinh thanh va phat trién doc theo cac cong trinh tudng
dang do sy tuong tac gitta song tai va song phan xa khi song tai xién goc véi cong trinh va co
thé gay nguy hiém cho tau bé ciing nhu céng trinh. Hon nita, song Stem c6 thé lam ting lwong
song tran qua dé trong diéu kién thoi tiét cuc tri. Do dé, séng Stem can dugc luu ¥ khi thiét ké
dé tuong ding. Bai bao nay str dyng phuong trinh Boussinesq ma rong cho song truyén trong
moi truong rong dé nghién cau ve sy phat trién cua song Stem phia trudc dé tuong dung vach
kin va dé tuong ding két cau rong Cac két qua mo phong song Stem trong nghién cuu nay
cho thay su phii hop véi céc két qua cia md hinh SWASH va s6 liéu thi nghiém tr md hinh
vat 1y, Boi voi truong hop dé twong dung vach kin, song Stem dac biét thay rd khi goc song
toi 16n va do phi tuyen cua song cao. Khi md phong séng toi dé tuong ding két cau rong,
song Stem van xuat hién phia truge dé du chiéu cao song giam di do néng lugng song bi hap
thu mot phan qua dé rong. Két qua cua bai bao c6 thé duoc sir dung trong cac nghién ciu vé
boi x6i phia trude dé tudng ding két cau rdng.

Tir khoa: S6ng Stem, song tran, dé tudong ding vach kin, dé tuong ding két ciu rdng, md
hinh Boussinesg, m6 hinh SWASH.

© 2021 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

Theo ly thuyét séng tuyén tinh, khi song truyén vudng goc téi cac cong trmh chin séng
c6 két cau dang tuong ding vach kin, chidu cao song phia trudc tuong ting gip doi. Tuy
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nhién, khi séng truyén xién géc téi dé tudong dimng vach kin, do su tuong tac giita s6ng téi va
s6ng phan xa sé& hinh thanh nén séng Stem doc theo cong trinh "nhu thé hién trén Hinh 1" [1].
Séng Stem duoc cho l1a c6 thé gay kho khin cho viéc hanh hai cua tau beé khi dé chin song
duoc bé tri doc 16i vao cang, co thé gay x6i 16 dudong b va giy hu hai cho cac thiét bi neo tau
doc bén [2]. Hon nira, do su phat trién ctia song Stem trudc dé tudng dang, né cd thé 1am ting
luong song tran qua dé trong diéu kién thoi tiét cuc tri. Nhu vay anh huong cua séng Stem
trude dé tuong dimg 1a kha dang ké. Nghién ctu cho thiy séng Stem duoc tao ra tir song don
va phat trién doc theo tuong ding vach kin trudc khi gap dé chan song két cau rdng [3]. Tuy
nhién nghién ciru nay chua co danh gia chi tiét vé sy phét trién cua song Stem doc theo dé
tuong ding vach kin.

.
song td1
ca SON
: PR ‘o\g“j%\%’
son N, < ——&e
y phan ia DT
o ;
_ e song
s Stem
-—
X \\\ dé tuong

Hinh 1. Séng Stem phat trién trudc tudong dang [4].

Song Stem khong nhimg duoc nghién ctru qua viéc md phong su dung cac mo hinh sb
nhu REF/DIF 1, COULWAVE, va SWASH ma con dugc nghién ciru dua trén cac két qua thi
nghiém tir mo hinh vat ly [4,5].

Hién nay doc theo ven bién khu vuc Pong bang séng Cau Long, hé thong dé tuong dung
két cdu rong da duoc xay dung dudi dang cac hang coc bé téng cdt thép db da hoc vao giira
[6] (Hinh 2.a) hay dang hang coc tre [7-9] (Hinh 2.b). Phia truéc cac dé nay xuat hién hién
tugng xoi chan cong trinh tuy nhién chua co nhiéu nghién ctiu vé van dé nay ciing nhu van
chua c6 nghién ctru ndo lién quan téi sy hinh thanh séng Stem doc theo cac két cdu dé hién tai.
Nghién ctru ndy budc dau danh gia su phat trién cua séng Stem doc theo dé tudong ding két
cau rdng. Tir d6, anh huong caa loai song Stem nay t6i kha niang chiu luc cua dé chin song
két cau rdng ciing nhu hién tuong bdi xo6i dia hinh xung quanh dé s& duoc nghién ctu phét
trién trong tuong lai.

Hinh 2. a) Bé chin séng bang 2 hang coc bé tng [6]. b) Bé chin séng bang hang rao tre [7].
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2. PHUONG TRINH MO PHONG

Dé md phong song Stem doc dé tuong dung ket cau rdng, trong nghién cuu nay, tac gia sur
dung md hinh séng lan truyen trong mdi truong rong dugc phét trién tir nghién cau [10]. Mo
hinh [10] duoc phét trién tir hé phuong trinh Boussinesq mé rong va duoc chieng minh 1a pha
hop khi md phong song qua két cau réng ¢ ving nude siu va ving nudc trung gian. Hé
phuong trinh chi dao gom phuong trinh lién tuc (1) va phuong trinh déng luong (2) nhu sau:

%7+V-[(h+77)U]=0 1)

(ﬂ§+ajﬂ+ qu+p’u.Vu+%(ﬂ§+ajhzv(v‘u)
_(%Jr7j(ﬂ§+ath[V-(hU)]—yghV[V.(hvn)]=0 @)

Céc dai luong trong céc cong thic trén bao gdm: 7 1a cao dd mat nudc; V =(8/0x,0/dy)
la toan tir 2 chiéu; h 1a d6 sau nuéc; U=(u,v) 1a vec to van téc nudc 15 rdng lay trung binh
theo phuong dung; » 1a théng sb hiéu chinh mé hinh Boussinesq,  =1/18; cac dai lugng dic
trung cho maéi truong rong bao gom A, «, va S lan luot 1a do rong, hé sé can dong chay va
hé sb can quan tinh cua moi truong rong. o rong 1a dai lwong khéng thir nguyén duoc dinh
nghia 1 ty s giita thé tich 18 rdng va toan bo thé tich khéi kiém tra. Do d6 do rong co gia tri
tir O téi 1, voi do rong co gia tri 0 khi moi truong dac hoan toan va co gia tri 1 khi rong hoan
toan. Khi &p dung hé phuong trinh trén cho dé chan song, do rong co gia tri 0 &p dung cho dé
tuong du’ng vach kin nhu dé thung chim (khong c6 budng tiéu song), ké bao vé bo bién; do
rong ¢6 gia tri 1 cho truong hop khong co dé (mo61 truong hoan toan la nude); do rong co gia
tri I6n hon 0 va nho hon 1 cho cac dang dé da d6, dé bang 2 hang coc bé tong ly tim do da
hoc vao giita, dé bang hang rao tre chen cac bo canh cay vao gitta. Nhu vay h¢ phuong trinh

ta nghién ctu [10] c6 thé &p dung cho céc truong hop séng truyén trong moi truong khong co
dé chan séng va/hoic co dé chan song véi do rong khac nhau.

Céc hé sé can dong chay va hé sé can quan tinh ciia méi truong roéng dugc xac dinh qua
cac cbng thic sau:

a=q, (ﬂj Lz+atﬂl|ﬁ| 3)
A d A d
ﬂ:1+(1—/1)1c (4)

Vi o, Va o, lan lugt 1a hé s6 can dong chay tang va hé s6 can dong chay rdi; v 1a hé s nhot
dong hoc caa nuéc; d 1a duong kinh hat va « 1a hé s khéi luong nuéc kém.

3. MO PHONG SONG STEM TRUOC CONG TRINH

3.1. Piéu kién ban dau

Dé so sanh két qua cua nghién ciiu ndy vai két qua thi nghiém va md hinh SWASH, nghién
ctru da st dung di€u kién ban dau la song Stokes bac 5 [11] véi cac thdng so Ursell khac nhau.
Thong so Ursell [12] 1a théng so6 khdng thir nguyén, thé hién tinh phi tuyén cta song:
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H(LY
v ZFIFI ©)

v6i H 1a chiéu cao séng va L 1a chiéu dai song. Hinh 3.a cho thiy khi hé sé Ursell bé, tinh
phi tuyén cua s6ng nho nén viéc sir dung ly thuyét song tuyén tinh, Stokes bac 2 hay bac 5
déu khong c6 su khac nhau dang ké. Tuy nhién khi hé s6 Ursell I6n hay tinh phi tuyén cua
s6ng 16n thi viéc sir dung song Stokes bac 5 s& mang lai do chinh x&c tt hon sir dung s6ng
Stokes bac 2 hoic song tuyén tinh. Diéu kién song dau vao dugc thé hién trén Hinh 3.b.
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Hinh 3. So sanh diéu kién ban dau khi sir dung cac séng khac nhau.
a) théng s6 U = 0.32; b) théng s6 U = 10.26.
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3.2. Sc')ng Stem trwoc dé tu‘b’ng ding véach kin

Dé kiém chimng mo hinh s6 wng dung trong nghién cau nay, truéc hét bai bdo tién hanh
mo phong song truyén xién goc t6i dé twong ding vach kin va so sanh veéi cac két qua mo
phong tir md hinh SWASH va s6 liéu thi nghiém mo6 hinh vat ly [4]. Trong m6 hinh vat ly cua
minh, nhém nghién ctu [4] tién hanh thi nghiém trong bé song tai Vién Cong nghé xay dung
Han Quéc c6 kich thudc dai 42 m, rong 36 m va cao 1.05 m (Hinh 4a). Két qua thi nghiém
cho thay sy phat trién rat rd rang cua song Stem trudce dé tudng dung vach kin (Hinh 4b). Md
hinh sé (g dung trong nghién ciru ndy véi mién tinh toan c6 kich thudc theo phuong x 1a 18L
va theo phwong y 1a 11L (vai L 1a chiéu dai séng), 3 phia ciia mién tinh toan dugc bé tri 16p
tiéu séng nham giam anh huéng caa soéng phan xa lam nhidu mién tinh toan, phia con lai cua
mién tinh toan Ia dé tudng dimg, duoc thé hién trén Hinh 5.

a) BO tri thi nghiém trong bé séng b) Séng Stem xuét hién trude tudng ding
vach kin, 6 = 30°
Hinh 4. M6 phong bang md hinh vat ly, [4].

Dé tao song 2 chiéu, nghién ctu nay &p dung phuong phép tao song véi nguon song cé
dang cong [13-15]. Phuong phap nay c6 uu diém la giam bet hién twong séng nhiéu xa tai vi
tri nguon song giao nhau [13] va giam kich thuoc mién tinh toan gidp tiét kiém dugc thoi gian
mo phong ddi véi céc bai toan 2 chiéu [14].

3L L 16L (L. 3L
y| 1 N
3L | lop
tiéu song
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T VG %, nguon
oL / song
R r——""""—""—"""""/"/"/7/—//— |
| |
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| | |
3L | vung xac dinh song |
| Stem trude twong ding |
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] ] -
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ding
Hinh 5. Mién tinh toan cho truong hop séng Stem truéc dé tuong dung véch kin.
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M6 phéng duoc tién hanh theo 4 kich ban (C1-C4) véi chu ky séng, chiéu cao song va
hudng song téi khac nhau dugc cho trong Bang 1.
Bang 1. B4n kich ban mé phong séng Stem.

(I) (r']-q) (:'n:) 0" u Hoh  kh/z
c1 07 074 09 (10,30) 032 0036 067
c2 07 074 36  (10,30) 126 0144  0.67
c3 11 149 18 (10,30 257 0072  0.34
c4 11 149 722 (10,30) 10.26 0288  0.34

Hinh 6 dudi day thé hién chi tiét chiéu cao soéng Stem trudc dé tudng ding véch kin theo
phuong x (theo truc doc dé) va phuong y (vudng goc vai truc dé) ciing nhu cho thiy két qua
kha tuong dong cia md hinh hién tai vai sé liéu thi nghiém mé hinh vat Iy [4] va két qua caa
md hinh SWASH. Khi chiéu cao séng téi nho, tinh phi tuyén caa séng yéu trong 2 truong hop
C1 (Ho/h = 0.036) va C3 (Ho/h = 0.072), két qua tir md hinh s6 hién tai rat phu hop véi cac s6
liéu so sanh. Khi chiéu cao séng téi tang 1én, tinh phi tuyén ciia s6ng manh hon cho trudng
hop C2 (Ho/h = 0.144) va C4 (Ho/h = 0.288), két qua tir md hinh s6 hién tai cho thay muc do
phu hop véi céc két qua tir md hinh vat Iy va md hinh SWASH kha tét khi goc séng téi nho
(6 =10°). Khi goc song téi 16n (0 =30°) va tinh phi tuyén cia séng manh nhu trudng hop C2
va C4, két qua tr md hinh hién tai cho thay sy khac biét d6i chut vai cac s lidu so sanh.
Nguyén nhan chinh c6 thé do mé hinh sé hién tai 12 mé hinh c6 tinh phi tuyén yéu (weakly
nonlinear), tinh phi tuyén cua song tang 1én khi song t&i twong tac voi song phan xa lam cho
két qua tir md hinh hién tai c6 chit khac biét voi mé hinh SWASH va sé liéu thi.

a)

3
5
f
5f
)
5

y/L (0=10°) y/L (6=30°)
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Hinh 6. Chiéu cao song Stem doc theo dé tudng ding vach kin véi 4 kich ban khac nhau: a) C1, b) C2,
c) C3, d) C4. Puong nét dut: mé hinh SWASH, cham tron den: thi nghiém tur [4], duong nét lien:
nghién ctu hién tai.
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3.3. S6ng Stem trwéc dé twong dirng két ciu réng

C6 thé thay md hinh sé hién tai du béo kha tét su phat trién cua song Stem trude tuong
dung, dic biét chinh xac khi tinh phi tuyén cua séng nho. Do dé, trong phan nay, khi mo
phong séng Stem trude dé tudng dung két cau rdng, téc gia s dung treong hop C1 (Hoh =
0.036) va C3 (Ho/h = 0.072) vei goc téi 10° va 30°. Mién tinh toan dugc the hién nhu trén
Hinh 7. Do phia sau dé rong can c6 ving nudc de s6ng truyén qua nén dé rdng duoc dit vao
gitta mién tinh toén chtr khong dit vao bién mién tinh toan nhu trudng hop dé tudng dung
véach kin. Dé co bé rong bang 1/10 chiu dai song, cac dic trung d6 rdng cua dé dugc sir dung
nhu sau: d6 rdng A = 0.44, kich thugc vat liéu d =2 cm, hé sé can dong chay tang va réi lan
luot la ¢, = 1,150 va «a, = 2.7, h¢ s6 nhét dong hoc cua nudc v = 1.004x10° (m~2s7-1) va hé
s6 khéi lugng nuéc kém x = 0.4. Xung quanh mién tinh toan dugc b tri cac 16p tiéu song dé
triét tiéu song phan xa lai vao mién tinh toan.

3L iLi 5L i SL i 3L
3L lop
tiéu song .
5L 0
0.1L
T > nguon
song
10L)
dé két
¥ cau rong
tieu song
7y

Hinh 7. Mién tinh toan cho truong hop dé két cau rdng.

Két qua mo phong duoc thé hién trén Hinh 8. Do khdng c6 cac sé liéu thi nghiém ciing
nhu cac mé hinh khac dé so sanh, két qua tir md hinh hién tai cho thay su phu hop nhat dinh.
Ciing can luu ¥ trong truong hop c6 dé rong (A <1), md hinh hién tai khdng can sir dung diéu
kién bién xung quanh dé [10].

Céac mat cat vuoéng goc voi dé dugc ldy tai vi tri y = 10L. Ngay truéc dé, x = (3+5)L,
chiéu cao song dao dong do su Xuat hién cua séng Stem. Tuy nhién chiéu cao song trudc dé

khong déng ké do anh huong boi song truyén qua dé két cau ropg Phia sau dé, x = (5+6)L,
chiéu cao séng suy giam nhiéu so vaéi trudge dé. Bieu nay kha hién nhién do c6 dé chan ngay
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phia truéc. Tuy nhién c6 thé thay do anh huéng cua hién twong truyén séng qua dé két cau
réng ma song ngay phia sau dé van xuat hién.

D4i v6i cac mit cat song song voi dé (phia trude dé), c6 thé nhan thay chiéu cao séng
Stem tang dan tur vi tri dau dé (y = 5L) va phat trién trong khoang 2 lan chiéu dai song.

a)
3 T 3 >
i »¢ 5¢
P 2
s 2[ dekét ¢ o2 1 1 dé két 3
I i cdu réng 5, I chu rdng 3,
T 5 T >
1 : 1 ——_
>
r )
0 | | I 1 2 0 I ! 1 1 2
0 2 4 6 0 2 4 6
x/L(6=10°) x/L(6=30°)
3 3
J2k _2f
| |
I I
1 oAnAAAANAA—T 1 R oA~
0 1 1 1 1 1 1 0 1 1 1 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
/L (6=10° /L (6=30°
Y Yy
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3 - 3 =
3¢ L | | 3¢
>D >°
© 2r ' dekér > = 2r dekét 3
= o C'll] ['UI'I" ) = B cau rong )c
5
g >
i | [ L 3
0 L ] | I % 0 1 1 | ! %
0 2 4 6 0 2 4 6
x/L(6=10°) x/L(6=30°)
3 3
o2r L2k
T T |
I T
1 RAAAANAA— 1 A A
0 ] I 1 | | 1 0 1 1 L ! ! I
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y/L (6=10°%) y/L (6=30°)

Hinh 8. Chiéu cao séng Stem doc theo dé két ciu rdng vai 2 kich ban khéc nhau: a) C1, b) C3.
4. KET LUAN

Bai bao nay da nghién ctru vé sy hinh thanh séng Stem doc theo dé chin séng tuong ding
két cau rdng &p dung phuong trinh Boussinesq mé rong cho song trong méi trudng réng [10].
Khi song t&i xién goc gap dé tuong ding vach kin, cac két qua md phong tir mé hinh hién tai
cho thy sw phl hop kha tét véi két qua mo hinh SWASH va sé liéu thi nghiém tir mé hinh vat
ly [4]. Khi song t6i xién géc gap dé tuong dung két cau rdng, cac két qua tir mé hinh sb hién
tai cho thdy c6 ciing xu hudng blen d6i chiéu cao song doc tudong nhu truong h0’p tuong du’ng
véach kin. Nhu vy song Stem van xuat hién phia trudc dé twong dang két cau rong du chiéu
cao song nhé hon so voi truong hop dé két ciu twong ding vach kin. Loai song nay c6 thé anh
huong ti van dé bdi x0i ngay phia trude dé. Chinh vi thé khi thiét ké cac cong trinh dé tuong
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dung vach kin ciing nhu dé tudong dung két Cau réng can luu y toi viéc xuat hién loai séng
Stem nay trudc cdng trinh. Tuy nhién, cling can c6 thém cac nghién ciru vé anh huong cua
g6c séng toi, o rdng dé ti sy phét trién cua séng Stem ciing nhu anh huong gay bdi tao x6i
cua loai séng nay phia trudgc dé chian song tuong dang két cau rong.
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