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UNG DUNG MO HINH FLOW3D DANH GIA KHA NANG
GIAM SONG TRAN CUA KET CAU KE DANG BAC

Nguyén Thanh Luin, Pham Ngoc Tu
Phong Thi nghiém trong diém Quoc gia vé Pong luc hoc song bién

Tom tit: Két cau ké dang bdc da dieoc dp dung 6 mot s6 cong trinh doc ven bién Viét Nam. Dang két
cdu nay vira co kha nang giam song leo, song tran, vira co tinh tham my cao, phit hop voi cac dia diém
ven bién khai théc dich vu du lich, thiwong mai, phui hop voi muc tiéu chién lwoc phdt trién da muc tiéu
ciia cong trinh thity loi néi chung va cong trinh bién néi riéng. Nghien ciru nay sir dung mo hinh Flow-
3D m6 phong danh gia kha nang giam song tran cua ke két cau dang bdc véi chiéu cao ciia moi bdc
khdc nhau trén cing mdi déc m = 3 nham tim chiéu cao bdc phi hop. Két qua nghién ciru cho thay 1y
I¢ gitia chiéu cao bdc va chiéu cao séng nam trong khodng 0,2 dén 1 cho hiéu quda song tran tot nht.
Hé 56 nhdm mdi trong khodng 0,39 — 0,82; lwu lwong tran 16m nhat giam khodng 50% so véi ké mdi
nghiéng tron va khoang 35% so voi ke dang tuong ding.

Tir khoa: Céng trinh bién, ké mdi nghiéng, ké bdc, Flow-3D, séng tran.

Summary: The stepped revetment structure has been applied in several works along the coast of
Vietnam. This type of structure can reduce wave run-up and wave overtopping, and is highly aesthetic,
suitable for coastal locations exploiting tourism and commercial services, suitable for the multi-
purpose development strategy of hydraulic works in general and marine works in particular. This
study uses the Flow-3D model to simulate and evaluate the wave overtopping reduction ability of
stepped revetments with different heights of each step on the same slope m = 3 to find the appropriate
step height. The research results show that the ratio between step height and wave height is in the
range of 0.2 to 1 for the best wave overtopping efficiency. The slope roughness coefficient is in the
range of 0.39 - 0.82; the maximum overtopping flow is reduced by about 50% compared to smooth
slope revetments and about 35% compared to vertical wall revetments.

Keywords: Marine and coastal construction, slope revetment, stepped revetment, Flow-3D, wave
overtopping.

1. PAT VAN PE ha tang bao vé bd bién. Ké béc thang 13 két cdu
co s& ha tang bao vé bo bién dep vé mit thim
my (it nhat 13 tir quan diém K¥ thuat) gan day
da thu hat dugc su quan tam cua cic co quan
quan 1y ven bién chu yéu do cac tac dung phu
c6 loi so voi cac cong trinh ven bién thong
thuong, tuc 1a vé cac khia canh hiéu qua, kha
ning tiép can, bao tri va do bén. Ké bac dic
bi¢t thich hop tai cac khu do thi ven bién, cac
khu du lich ven bién do kha ning linh hoat vé
my quan, ky thuat, &p dung dugc nhiing noi
diéu kién dia hinh, bdi bién ngin, han ché.
Nhitng méi doc nay co thé tiép can dé dang va
an toan cho céac hoat dong thuong mai va du

Cac qua trinh phat trién do6 thi va tang trudng
kinh té, dac biét & vung ven bién, nhiéu tai san
va co s& ha tang da va dang bi anh hudng bai
x6i 16 bo bién va 1i Iyt tiém tang do anh hudng
ctia bién d6i khi hau va nudc bién dang. Nhitng
xu hudng r6 rang nay cho thdy nguy co thiét hai
va mat mat ngay cang tang, doi hoi cac co quan
c6 tham quyén ven bién trén toan thé gidi ciing
nhu Viét Nam phai thuong xuyén danh gié lai
va c6 kha ning chuyén hudng cac khai niém
thich ng cua ho d6i voi dudng bo bién lién
quan, tirc 1a xem xét lai cac chién luge va co s
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lich, do vay dap tng dugc muc tiéu da chuc
ning cua cong trinh ven bién.

Vi¢c danh gia kha nang gidm séng tran cia
dang két cAu ké bac phu thudc nhiéu vao két qua
do dac tai hién truong hay trén mo hinh vat ly
va cho két qua twong d6i chinh xac, dang tin
cay. Tuy nhién thuc hién viéc do dac nhu trén
gip rat nhiéu kho khin nhu chi phi cao, kho
thuc hién do dac lién tuc trong thoi gian dai va
c6 nguy co nguy hiém cho ngudi do dac trong
thoi diém soéng 16n. Bai bao nay trinh bay
phuong phép nghién ctu thong qua viéc md
phong kha ning giam song tran cta két cau ké
bac trén may tinh vdi md hinh thuy dong luc
hoc 3 chiéu Flow-3D. M5 hinh thuong mai
thuy dong luc hoc 3 chiéu Flow-3D duoc xay
dung boi cong ty Flow Scien INc. Trong nhiing
nim gan day, mo hinh nay duogc sir dung rong
rdi do kha niang xur 1y dugc nhiéu van dé thuy
luc ctia dong chay.

2.PHUONG PHAP VA DU LIEU NGHIEN CUU
2.1. Phuwong phap nghién ctru

Nghién ctru nay su dung mo hinh Flow-3D md
phong kha ning giam song tran cta két cau ke
dang bac [1]. . FLOW-3D la mét phan mém hd
trg mo phong cac bai todn dong luc hoc chét
long tinh todn CFD (Computarional fluid
dynamics). Tuong tur cac phan mém mé phong
CFD khac, FLOW 3D sir dung phuong phap thé
tich hitu han (FVM) va liy phuong trinh hé
phuong trinh Navier — Stokes lam phuong trinh
chi1 dao két hop ciing phuong phép thé tich chat
long VOF, rat phtt hop cho mé hinh cac dong
chay c6 bé mit thoang.

Céc mo6 phong s6 dugc thuc hién dua trén
phuong trinh Navier Stokes, dugc st dung dé
mo ta chuyén dong cta chit long, gia st chat
1ong khong thé nén dugc; cac phuwong trinh cua
mo hinh nhu sau:

ou ov ow
—+—+—=0 (1)
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u, v va w la cac thanh phén van tdc theo truc x,
y’ Z’
pla khdi lugng, v 14 d§ nhot cta chét long,

pla 4p uc, g 1a gia tc trong truong, t 13 thoi gian.
Trong thuc té, dong chay tac dung 1én cac cong
trinh thuy loi hau hét 1a dong chay rdi, dic biét
1a dong chay ctia song. Dé giai dugc hé phuong
trinh Navier - Stokes h¢ (1) va (2) mo6 hinh dong
chay r6i dugc phat trién & moé ta dugc 6 thanh
phan tng suit réi Reynolds. Mo hinh dong
chay r6i RANS dugc sir dung phd biét nhét 1a
mo hinh dong chay réi hai phuong trinh k-g.

Céc budc nghién ctru duoc tién hanh nhu sé d6
Hinh 1 céc s6 liéu s& duge thu thap. Sau khi thu
thap, cac s6 liéu dia hinh day s€ dugc sir dung
thiét ké mat cat keé sau d6 xay duyng mo hinh ba
chiéu. S6 liéu muc nudc va song s€ dugc st
dung dé gan diéu kién ban du va diéu kién bién
cho m6 hinh. Sau khi chay mé hinh, cac s6 liéu
vé chiéu cao song trude va sau ké s& dugc trich
xuat dé danh gia hiéu qua giam song cia ké.

Dix hidue sur dung

D hinh dity

Xiiy dumg phisomg dn

Fu huomg tedn, chidu cao
sOng tran cic phumg in

Higu qua gsam:

sOmg trin
ol cac dim 2

Hinh 1: So @6 nghién ciru sir dung mé hinh
FLOW-3D nghién cvru ke bdc

2.2. Tai liéu str dung

2.2.1. Dir liéu dia hinh day bién

- Binh dd dia hinh 1/5.000 do dac nam 2018
do Phong Thi nghiérr} trong diém Quodc gia vé
dong luc ‘hoc song bién thuc hién; 7

- Ban d6 dia hinh ty 1¢ 1/50.000 do Tong cuc
bién va Héi dao do dac nam 2005 ‘
- Mat cat dia hinh: dir liéu duoc cat tir binh do
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dia hinh va tinh toan truyén song vao chan cong
trinh phuc vu thiét ké mat cat ke cho khu vuc
nghién cuu.

2.2.2. Dir ligu song, myc nudc

Céc s liéu vé myuc nude duoc tra theo phu luc B
thuoc TCVN 9901-2023, mat cat sO 32, murc nudc
thiet k& h = 1,83m ung vdi tan suat 3,33%.

Song tai vi tri nudce sau tinh toan cho cong trinh
cap IV: Ho=10,37 m, Tp =12,27s.

D@ li€u séng ngoai nudc sau dugce tinh toan
truyén vao chan cong trinh bang mo hinh
SWAN-ONE. Két qua chiéu cao song, chu ky
song tai chan cong trinh phuc vy lam bién dau
vao cho mo hinh FLOW3D theo so d6 nghién
ctru (Hinh 1).

2.3. Mit cit ngang ké va phuong an tinh toan
2.3.1. Cdc phwong an tinh toan

Dua vao két qua truyén song, tinh toan mat ct
ngang ké theo tiéu chuan TCVN 9901-2023,
x4c dinh dugc cao trinh dinh ke thiét ké Za =
4.7m; mai doc ke thiét ké m = 3.

Nghién ciru thyc hién thiét ké mat cit ngang
ke bac dién hinh véi cao trinh dinh ké +4,7m,
cao trinh dinh mai bac +4,5m, hé sé mai m=3,
d6 déc dia hinh nghién ctru i=2% (Hinh 2).
Muc nudc tinh toan stir dung trong nghién ctru:
+1,83m.

Pria 8l 30 1= PHA N
—_— -

MG oG 1 im

Hinh 2: MGt cat ngang dai dién ke bac nghién cuu

Dé danh gia kha ning giam song ké bac, nghién
ctru nay thuc hién danh gia, so sanh kha nang
giam séng cua cac chidu cao bac khac nhau tir
Sh =0,1m dén Sh=1m. Pong thoi, so sanh vai
hai truong hop ke tuong dung (Sh >>) va ke mai
nghiéng truong hop mai tron Sh=0. Cac
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phuong 4n mé phong duoc trinh bay so dd hoa
tai Hinh 3.

BEEEER NI

Hinh 3: Cac phwong an ke bdc tinh toan

2.4. Thiét 1ap mo hinh
2.4.1. Mé ta mé hinh toan Flow-3D

Céc chi s6 dugc st dung trong Flow-3D. Pon
vi lra chon 1a SI, nhiét @0 Celsius va nudc dugce
coi khong nén dugc co trong lugng riéng 1025
kg/lit, gia thdc trong trudng 9,81 m/s?. M6 hinh
16i Renormalized group (RNG) duoc sir dung
trong nghién ctru nay.

2.4.2. Xay dung mé hinh 3D cho két cdu ké bdc

Pé mo phong song tran trén két cau ké dang
bac, mo hinh 3D cua ke bac dugc dung trén dia
hinh day bién thuc do tai khu vuc nghién ctiu.
Phan mém hd trg Sketchup duoc sir dung dung
3D cho mo6 hinh ke bac Hinh 4, va nhap truc
tiép vao mo hinh Flow-3D.

Hinh 4: Két cau ké béc 3D duoc dung
dwa vao mo hinh

2.4.3. Kich thuwdc mé hinh

Mién tinh toan dugc mé phong twong mg véi
diéu kién thuc té, ty 1 mo hinh 1a 1:1 véi cac
kich thudc dai x rdng x cao twong ung 1a 114m
X 2m x 6.5m. Dé tang do chinh xac ctia két qua
tinh toan, tién hanh chia mién tinh toan thanh 2
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Block: Phia bién va phia cong trinh. Trong d6
pham vi cong trinh dugc chia véi kich thude
mit ludi nho 0,05m x 0,05m x0,05m, pham vi
thuong ha luu cong trinh chia ludi rong hon
(0,15m x 0,15m x 0,15m) dé giam thoi gian tinh
toan.

2.4.4. Piéu kién bién

Xac dinh diéu kién bién duoc gan trong Flow 3D:
Dong chay trong mién tinh duoc dit trong toa do
dé cac 6 mat, voi tht tw 1an luot 13: bién phia bo
(Xmin) dugc gan 14 diéu kién bién dong chay ra
(Outflow), bién phia bién duoc gan 1a bién séng
dang Linear Wave Definition véi chiéu cao séng
Hs = 1,92m, chu ky Tp = 7,65s tuong ing séng
tai vi tri cach chan cong trinh 95m, myc nudc h =
1,83m; Bién ddy Zmin dugc gan dang tuong
(Wall); bién 2 bén va bién trén (Ymax, Ymin,
Zmax) dugc gan dang Symmetry.

3. KET QUA VA THAO LUAN

3.1. Vin tc dong chay
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Van tdc dong chay tai cing mot thoi diém theo
céc phuong 4n bac khac nhau cho két qua khac
nhau (Hinh 5). V61 mai tron Sh=0 dong chay
leo 1én mai va tran qua dinh k& véi van tbc
khoang 2m/s. Xu thé gan twong tu voi dang bac
Sh=0,1 va Sh=0,2m (Hinh 5 b, c¢). Vi
Sh=0,3m, Sh=0,4m, Sh=0,5m va Sh=0,6m déu
cho thdy nudc nhay trén bac, cho xu thé giéng
nhau voi dong chay leo 1én mai ké va mot phan
dong rt ngugc ra khi song té1 dap vao thanh
bac. Do cao bac cang tang thi dong chdy do
song leo Ién cang giam. Do do, tai truong hop
Sh=0,7m thi xuét hién dong chay doi nguoc lai
tai diém tiép xuc bac sat dinh ké (Hinh 5h).
Tuong tuy vay véi cac dang bac 16n hon voi
Sh=1,0m va Sh= oo (Hinh 5 i,j,k). V&i phuong
an ke tuong dimg (Sh=w0), van toc dong chay
16n va c¢6 xu thé cao hon so voi phuwong an Sh =
1,0m do xuét hién song phan xa dén ke dang
tuong.

g) Sh = 0,6 m h)

Sh=0,7m

i)  Sh=08m
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k) Sh=1,0m 1) Sh >>
velocity magnitude contours
Qoo s 100 1% 20
B 0 e

Hinh 5: Van toc tai cung 1 thoi diém cdc phirong dn

Xét vé& hudng van tde dong chay cho théy, véi
Sh =0 dong chdy co6 huéng phan bo déu va cing
hudng 1én theo mai dbc ké. Véi cac bac cao hon
tir Sh=0,3m dén Sh=1m ng0a1 dong chay lop
nude trén leo 16n mai dbc ke con cho thay xuit
hién céc Xoay nudc trude bac (Hinh 5 d-k).

Xody nudc cang 16n khi chiéu cao bac cang 1on.

Két qua nay cho thay khd ndng tiéu tdn nang
lwong ngay trén bac ciia mdi dang chiéu cao bac
khéc nhau. Vi bac cao thi dong chay bi tiéu tan
& truGe bac 16n, van tde dong chay 16p bién trén
s€ nho va nguoc lal

3.2. Luu luwgng tran

Két qua tinh toan cho thdy luu lugng tran cua
ke c6 Sh = 0m, day la dang ké mai nghiéng mai
tron nén c6 luu lwong tran cao nhdt 535,77
I/s/m, va luu lugng tran nho nhat 1a ké c6 bac
Sh = 0,6 m v6i luu luong tran 5,3 1/s/m, gidm
khoang 100 lan so v6i ké dang mai tron (Béng
1 va Hinh 6) . Béi v6i Sh >> ké dang dung luu
lwong tran dat 219,37 1/s/m, 16n hon rat nhidu
so voi cac phuong an két cau ké bac.

Bang 1: Tong hop hru hrgng tran 16n nhit cac phwong an

Sh 0 0.1 0.2 0.3

0.4

05106 07 | 0.8 | 09 | 1.0 >>

q (I/s/m) |535.77] 277.53 | 134.79 | 58.01

16.33

7.2315.30|12.34|18.8225.78 | 51.22|219.37

Hinh 6: Luu luong tran cac phuwong dn mo phong

Nhu vay, véi Sh nam trong khoang tir 0,3m dén
0,9m cho luu lugng tran nho. Khoang bac t6i wu
nhit trong tng véi Sh=0,5 va Sh=0,6m (Hinh
6). Luu lugng song tran qua dinh trong cac
phuong 4n bac thap hon so voi sudn dbc nhin
va 16n hon so v6i tuong thang dimg. Sy giam
nay la do hinh dang cua ke bac, gitp giam su
dang 1én va tran qua dinh bang cach tiéu tan va
phan xa nang lugng song toi.

206

3.3. Panh gia hiéu qua giam séng tran cia ke
bac

Tuong ty nhu tran bac thang, dudong kinh bac
Kh dugc dua vao dé mé ta do nham bé mat
cua ke bac thang [2]. Duong kinh bac duogc
dinh nghia la khoang cach vudng goc gitra
hdc bac va két ndi thang giira hai canh béc
lién ké. Pé danh gia danh gia kha ning giam
song cua cac dang ke bac, nghién clru nay
tinh toan ty 1é giita duong kinh bac va chiéu
cao song ddi v&i cac trudng hop tinh toan.
Cong thuc tinh duong kinh bac (Kin) duoc
tinh bang chiéu cao bac Sh nhan véi hé sb
mai (cos a) [2]:

Kh =cosa X Sh (3)

Pac biét hé $6 nham mai vrdugc quan tdm trong
viéc phan tich kha nang gidm song cua ke. Theo
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cong thue thue nghiém duoc trinh bay Huong  thire sau:
dan vé song tran cua céac cong trinh béq vé bo _ In(q méi bac) 4
bién va céc cong trinh lién quan [3], hé sé tham  ¥¥ = In (q mai nghiéng) 4)
mai cho k¢ dang bac dugc xac dinh theo cong
Bing 2: Tong hep duong kinh bac Kn va h¢ sé nham yr
Sh 0 01 |02 |03 |04 (05 (06 |07 |08 |09 [1.0 |>
Kh/Hs | 0.000.14 [ 0.28 042 |0.56 |0.69 [0.83 [097 |1.11 |1.25 |1.39 [>>
r 1.00 091 10.82 |0.71 1054 {043 [039 [0.50 |0.56 |0.60 |0.69 |0.88
= (Hinh 8). Péi voi phwong an Sy = 0,8m trd 1én
N ¥ o tuong tng véoi Ki/Hs > 1 thi bat dau xuat hi¢n
\'-.\ v cac hién tugng ti€u tdn ning lugng soéng gan
£ \“\\ S < giong voi dang ke tuong ding nghia 1a dong
Ng o nang cua song téi s€ duge chuyén hoa thanh the
{ »-‘."

) o 1]
Ahlis

Hinh 7: Hé 6 gidm yr véi cdc ty 1é bdc khdc nhau

Két qua tinh toan quan hé giita hé s6 nham véi
cac ty 1¢ bac khac nhau nhu cho thdy ké bac co
Kh/Hs nam trong khoang 0,4 dén 1,39 cho kha
nang giam song tran tot nhat (yr< 0,8) twong
mg v6i Sh= 0,3 — Im d6i v6i mai m=3.

Vi ké mai nghiéng (Sh = 0) luu lugng tran cé
gi tri cao nhét do sy tiéu tan nang lugng song
tuong d6i thap, bé mat nhin khong c6 d6 nham
16n nhu ke két ciu dang bac thang.

KENGHIENG KL TUONG)
ANG —_— .
TRON ¥ KE DANG BAC v Y DONG

e
N\ Bacabs o Wi Treng bk ' B biw

L

Hinh 8: Phu thuoc cua ty Ié buoc ke bac
doi voi song tran

Déi véi truong hop Sh = 0,Im tuong ung véi
Kn/Hs = 0,14 cho luu lugng tran qua dinh giam
dang ké so v6i ké mai nghiéng (Bang 2), nhu
vdy qua trinh song leo, song tran da bi anh
hudng bai do cao bac. Sh=0,2m dén Sh=0,8m
twrong tng véi gia tri Kh/Hs tir 0,28 dén 1,11
dong chay do séng leo trén mai bi x40 tron va
xut hién rd hon khi chidu cao bac cang ting

ning, va hau hét ning luong song téi s& trd
thanh song phén xa.

S6 lugng cac bac ciing nhu ty 1¢ bac anh hudng
dang ké dén su tiéu tan niang luong tai cac ké
bac. Cuong do nhiéu loan do séng giy ra do su
hién di¢n cua cac bac phu thudc vao yéu td
nham (hinh dang va kich thudc) va van toc dong
chay trén mai ké. M6 ta mdi quan hé giita duong
kinh bac véi luu lugng tran cua cac ke két cau
dang bac nhu Hinh 5. Ty 1¢ bac bang khong (Sh
= 0) biéu thi mot d6 dbc tron tru. Thé tich tran
bd cao nhat duge do cho truong hgp mai tron
do ning lugng tiéu tan twong dbi thip trén bé
mat cia chung so voi cac bé mat nham cua ke
béac thang. Do do, ung suét cat trén mai tron
clng thap va do do, tao ra ung suat cat tuong
d6i thap trén két ciu. Hau hét nang luong song
dong chuyén thanh ning luong tiém ning trong
qué trinh chay da. Khi chiéu cao bac thang ting,
d6 nham va nhiéu loan ting 1én, din dén giam
thé tich tran dinh. Phan nhé ning lugng dong
clia song t6i duoc chuyén thanh ning luong
tiém nang khi mot s6 nang luong bi tiéu tan do
nhiéu loan ting & cac chiéu cao bac khac nhau.
4. KET LUAN

Nghién ctru nay da st dung mo hinh Flow-3D
md phong song tran cho ke c6 két cdu dang boc
voi cac chiéu cao bac khac nhau va cung hé )
méai m = 3. Két qua mo phong luu lugng tran
dugc x4c dinh ra 3 vung tiéu tan ning lugng
khac nhau twong tng vdi cac ty 1¢ chiéu cao bac
trén chidu cao song K. Ving ké bac c6 bac nho
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tuong tng v6i Ku/Hs < 0,2 ¢6 hé sb nham giam
song tran 16n hon 0,9. Vung ké bac c6 bac trung
binh tmg v&i 0,2 < Kn/Sn < 1,0 ¢6 hé sb giam
song tran trong khoang 0,39 dén 0,82. Vung ke
béc c6 bac 1on tng voi Kn/Sh > 1 ¢6 hé sb giam
song tran 16n hon 0,8.

Két qua nghién ctru cho thiy niang giam song
tran cta ké két cau dang bac la kha tdt so véi
ke mai nghiéng thong thuong, luu lugng giam
khoang 50-100 lan so véi ké méi nghiéng tron.
Day ciing 1a co so quan trong dé xem xét dua
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