TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

Ky thuat va Cong nghé Hang hai

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

NGHIEN CUU CHIEU CAO SONG LEO LEN MAI DOC
CONG TRINH BAO VE BO UNG DUNG CONG NGHE ELASTOCOAST

RESEARCH ON WAVE RUN-UP HEIGHT ON SLOPES OF COASTAL
PROTECTION STRUCTURES USING ELASTOCOAST TECHNOLOGY.
NGUYEN THI DIEM CHI
Khoa Cong trinh, Truwong Dai hoc Hang hai Viét Nam
Email lién hé: chintd@vimaru.edu.vn

DOI: https://doi.org/10.65154/jmst.2025.i84.845

Tém tit

Viéc nghién ciru anh hwong cua song leo lén mai
déc ciia cdc cong trinh bdo vé bo gitip 16i wu héa
thiét ké, ndng cao hiéu qua chong xéi 16, giam chi
phi xdy ding, dong thoi dam bdo an toan cho cong
trinh. Thi nghiém mé hinh thuy lyc da dwoc thuc
hién trong mdang séng dé nghién ciru dnh huwong
do nham va do rgng ctia mdi déc 1én hién tuong
soéng leo ciia cong trinh bao vé bo. Ngodi ra, chiéu
cao song leo do dwoc theo mé hinh thuc nghiém
dige so sanh véi két qua cac nghién civu khéc. Két
qua nghién ciru phuc vu di dn thi diém xdy dung
cong trinh bdao vé bo bién dang mdi déc ¢é do
nham la khéi xép hinh cau dong nhat vmg dung
cong nghé Elastocoast.

T khoa: Song leo, Nco”ng trinh bao vé bo, mang
song, do nham, do rong.

Abstract

Studying the effects of wave run-up on the slopes
of coastal protection structures helps optimize
design, enhance erosion resistance, reduce
construction costs, and ensure the safety of the
structures. Hydraulic model experiments were
conducted in a wave flume to investigate the
influence of slope roughness and porosity on wave
run-up in coastal protection works. Additionally,
the measured wave run-up heights from the
experimental model were compared with results
from other studies. The research findings support
a pilot project for constructing coastal protection
structures with homogeneous spherical block
slopes using Elastocoast technology.

Keywords: Wave run-up, coastal protection
structures, wave flume, roughness, porosity.

1. Gioi thi¢u

Khi tuong tac véi cac cong trinh ven bién nhu dé
chin song, tuong ké, mo han va ké p bo, song bién
trai qua nhiéu qua trinh vat Iy bao gdm phan xa, truyén
song, v& song kém theo t6n thit nang luong, song leo
hoidc tran qua dinh ke. Trong s6 cac hién tuong nay,
song leo va tran dinh 1a hai hién tugng phuc tap, co
anh huong truc tiép dén thiét ké cua cac cong trinh
bdo vé bo bién.

Khi thiét ké dé chin song, chiéu cao séng leo 1a
thong sé quan trong dé xac dinh chiéu cao dé, trong
khi Iuru lugng tran dinh trung binh quyét dinh cao trinh
dinh dé. Hai yéu t6 nay chiu anh huéng boi thong sb
hinh hoc cua cong trinh bao vé bo (do déc, chiéu cao
tu do va bé rong dinh), thong s6 két ciu (do rong, do
thim, hinh dang/kich thudc, do day 16p phu) va thong
sb thuy luc (myc nuée bién trung binh, tdc do gio,
chidu cao song, dang phd song, huéng song, chu ky
song, hién tuong séng vo va dong chay) [4].

Bdng 1. So sanh cong nghé Elastocoast vdi cong
nghé truyén théng

Bé
N ; Elastocoast . Ro da
Tiéu chi ) tong .
(Pa + PU) i (Gabion)
cung
Po linh Cao (cogidn | Thap Trung
hoat theo séng) | (d& nirt) binh
Thim . . .
. Tot Khong Tot
nwoc
i 20-30 15-20
Tuoi tho >50 ndm . B
nam nam
Chi phi Trung P
N Cao . Thap
ban dau binh
L . Thuong | Thuong
Bao tri Rat it N N
Xuyén Xuyén

S6ng leo trén méi déc tron, ¢6 16p phi, thdm nude
hodc khong tham cho két qua khac biét du trong cling
diéu kién song. Muc tiéu chinh ciia nghién ctru tap
trung vao vi¢c danh gia anh huong cua d¢ nham, do
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day 16p phii, d6 rong ciia cong trinh bao vé bd mai
nghiéng 1én cong trinh bao vé by dang mai dbc co do
nham 14 cac khéi xép hinh ciu dong nhit va ing dung
cong nghé Elastocoast dén cac thong sd thuy luc:
Chiéu cao song, chu ky song, d6 doc song. Elastocoast
1a mot cong nghé bao vé b bién tién tién, sir dung hé
thong 16p phi linh hoat lién két bang phu gia
Polyurethane dé ting cudong do bén va 6n dinh cho cac
cong trinh nhu ké bién, dé chin song va cac két cau
cong trinh bao v¢ bo khac [1], [2].

2. Thiét 1ap mé hinh thi nghiém

Céac thi nghiém mo hinh vat ly dugc thyc hién
trong mang song (dai 39m, rong 1m, sau 1,2m) cho
phép quan sat truc tiép cac hién tuong séng va qua
trinh tuong tac gitra song va mo hinh dé. May tao séng
duoc dat tai dau mang, c6 kha nang tao cac diéu kién
song diéu hoa véi bién d va chu ky diéu chinh linh
hoat. Cac cam bién do chiéu cao song KENEK CHT4-
30 duoc lép dat ¢ dinh tai hai vi trf cach may tao song
lan lwgt1a 17,65m va 18,65m. Vi tri nay dam bao vung
song phat trién 6n dinh trude khi twong tic véi mod
hinh dé€. Muc nudc trong mang dugc do va hi¢u chinh
béng thude thity chudn doc thanh mang, ¢6 sai s6 nho
hon Imm. MAu cong trinh dé chin séng dang mai déc
duoc lép dat tai doan cudi mang, cach thanh cudi
khoang 2m dé tranh phan xa song gay nhidu. Bé mit
mai déc duoc phu 16p hat nhya tao nham véi d§ day
thay ddi (1,0cm, 1,8cm va 3,0cm), c¢b dinh bé“lng Iudi
chén chuyén dung. Mau Elastocoast dugc ché tao sin
theo kich thudc tiéu chuén, gin chic chin vao than
méi bang keo lién két PU. Chiéu cao song leo tdi da
dugc do bang cach sir dung thude do muc nude gan
doc theo mai dbc va hé théng camera toc do cao ghi
lai qua trinh séng tac dong trong tung dot song. Dir
liéu duge xir Iy dé xac dinh vi tri song leo cao nhét
trong mdi chu ky séng.

Dbi voi mdi to hop diéu kién song (chiéu cao Hi,
chu ky T) va ciu hinh két cau (do ddc, 16p phu), thi
nghiém duoc 1ap lai tdi thiéu 5 1an. Két qua duoc léy
trung binh dé dam bao tinh dai di¢n va giam nhiu do
dao dong khong déu hodc 15i thiét bi. Tat ca thi
nghiém déu duogc thuc hién trong diéu kién 6n dinh,
kiém soat chat ché trong phong thi nghié¢m.

Ty 1€ hinh hoc ciia m6 hinh dugc lya chon 1a 1:20,
dam bao phu hop vdi kich thude cua méng thi nghiém,
dong thoi van duy tri dwoc tinh chinh x4c va kha nang
quan sat cac hién tugng séng leo 1én mai doc. Viée lya
chon ty 1¢ mo hinh tuan theo nguyén 1y twong dong
Froude, nhim duy tri tinh twong ddng dong luc hoc
gitta m6 hinh va thuc t& dbi voi cac hién tugng song
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tran, song v& va song leo.

Hinh 1 thé hién so dd bd tri tong thé ciia mang
song thi nghiém. Céc thong s6 dugc lya chon trong
gidi han thiét bi phong thi nghiém dé do chiéu cao
song leo tbi da (xem Bang 2), voi d6 sdu khu nude
(ds;m) va g=9,81m/s% Gia tdc trong truong.

Bing 2. Diéu kién thwe nghigm

5 Pham vi thir
Thong so ”
nghiém
Chu ky song (T, s) 0.8-1.2
Chiéu cao séng toi chan cong 1o
trinh (Hi, cm) ’
D6 day 16p phu (1, mm) 1.0,1.8,3.0
Ty s6 dyH 3.1-6.6
Ty s6 H/(gT?) 0.006-0.011
Ty s6 dy/(2T?) 0.019-0.073
Heé s6 song v (€) 1.90-2.65
Cam bién do chiéu cao song
\ /
May tao séng \ '/ Murc nude
[l
l 1
:J>| ] .
f 37m o 2m —|
Thén dé

Hinh 1. So dé bé tri ciia mdng séng

Hinh 3. Mt cdt ngang céng trinh béo vé bo

3. Phén tich két qua thuc nghiém
3.1. So sdanh két qud thi nghi¢m va cdc nghién ciru

Cac dir liéu do dac vé song leo tur thi nghiém ban
déu duoc xir Iy va so sanh véi cac cong thire 1y thuyét
hién c6 dé kiém tra tinh hop 1& ciia két qua. Hinh 4 mo
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ta so d6 xac dinh hién tugng séng leo, song rit trén
mai doc twong ing voi chi€u cao song leo (R) va chiéu
cao song rut Rq.

Hinh 4. So dé xdc dinh hién tiwong séng trin, song

riit trén mdi doc

+S

K

Chiéu cao séng leo R,m
(XN
L 2

N

o
o

1 2 3 4
Chiéu cao séng H,m

@ Thyc nghiém
Cong thire Ahrens va McCartney
Cong thirc Hunt
Van der Meer va Stam
A theo cong thire SPM (Hudson va Jackson)

Hinh 5. Két qud so sdnh

Chiéu cao song leo theo cong thirc SPM (Hudson
va Jackson) cao hon khoang 15% so véi chidu cao
song leo thyc nghiém ddi véi mo hinh dé chén séng
tron va khong thim nudce (Hinh 5). Su sai 1éch nay do
sai s6 khi noi suy cac gia tri trén cac biéu d6 thuc
nghiém.

Cong thire tinh chidu cao song leo (R) 1én mai dé
theo TAW (2002) [3], [5]:

R = 1,75ypVpYséoH;

khi 0,5 <y&o< 1,8 (1)
R=H (4,3 Lo
= A VpYpihs = ——
i \/E_O
khi 1,8 <yp&0<8+10 (2)

Trong do:
Hi: Chiéu cao song téi chan cong trinh (m);

Y HE sO chiét giam do song téi xién goc;
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7y Heé sO chiét giam khi c6 thém giam song;

¥ Hé s6 chiét giam do 6 nham trén mai ddc.

Chiéu cao song leo dugc xac dinh theo cong thirc
(Ahrens va Titus, 1985):

( €, =1,002¢ §<2
R = CH; CF(%)Cﬁ(%)Cnb:ZSs‘ss,s
Cop = 1,181(%)0'375exp [3,187(2—2 — 0,5)2];5 >35
(3)
Trong do:

&: Thong sb song vé (-);
Cy: H¢ s6 song vo kiéu d6 nhao (-);
#: Goc dbc dé chan song (radian);

Cy: Hé sb song v& chuyén tiép (-);

he: Chiéu cao dinh song so v6i muc nudc trung
binh (m);

Cub: Hé s6 song khong v (khong tht nguyén);

C: Hé s6 séng v& tuong tmg (-).

Cong thirc Ahrens va McCartney [6] dua trén ham
phi tuyén cuia thong so séong v (&) dé xac dinh chiéu
cao song leo trén cac cong trinh dugc bao vé bang
nhiéu loai 16p phu khac nhau.

R = H(L)

1+ bé @)

Trong do:

a, b = Cac hé sd thuc nghiém phu thudc vao 16p
phu, lan lugt 1a 0,956 va 0,398 (Smith, 1986; ACES,
1992) véi gia dinh 16p phu la da xep c6 kich thude hon
hop.

Cong thirc Hunt (1959) [5], tinh toan chiéu cao
song leo trén cac bé mat tron nhan.

o

Trong dé:

0 : Géc mai nghiéng cta dé chan song (do);

Lo: Budc song & vung nudc sau (m);

Chue (1980) da két hop va diéu chinh nhiéu cong
thire du doan tiéu chuan dé dé xuat mot phuong trinh
tong quat coé kha nang ap dung rong rai hon cho tinh
todn chiu cao song leo.

Ruose /H = 1.58; if £=2
JH = 155 if¢ ©

Trong do:
Hy: Chiéu cao séng vung nudc sau (m);

Lo: Budc song vung nude sau (m);
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Két qua theo cong thirc nay thap 35% so vai két
quéa thyc nghiém. Phuong trinh khong tinh dén anh
hudng ctia d¢ nham hodc hinh dang song vo.

Van der Meer va Stam, De Waal va Van der Meer
(1992) [6] da xac dinh hai ving song vd trén mot ciu
trac ddc tron tru va cac mdi quan hé duoc rut ra cho
mirc séng dang 2% va tdc do tran bd. Chiéu cao song
leo twong ddi xac dinh theo cong thirc:

Ruzee /Hy = 1.5&; if £=2

(6)
Ruso /H = 3 if; £=2
(7
(gl%m = 8 x 10~%exp[3.1 (R“”If;RE)]
s S (8)

Trong dé:

Ru22: Chidu cao song leo 2% (m);

R.: D cao tu do cua dinh dé (m);

H,: Chiéu cao song tinh toan (m);

QO: Luu lugng tran dinh (m?/s/m);

Céc phuong trinh (7) va (8) cho két qua cao hon
khoang 30% so voi chiéu cao song leo do dugce.

3.2. Anh hwéng ciia cdc thong sé thiiy luc
3.2.1. PG doc séng (Ho/Lo)

Dé tron khong thim: Chiéu cao song leo twong ddi
(R/Hy) giam 10 rét khi d§ doc song (Ho/Lo) tang, do nang
luong song tap trung vao pha vd song thay vi leo doc.

Dé nham khong thdm: Anh huong ctua d6 nham
1€n ti€u tan nang lvong manh hon.

Pé nham thim nudc: Khong quan sat thiy mdi
twong quan rd do sy twong tac phic tap gitta thong so
song - két cau dé tham nudc.

3.2.2. Théng s6 song vé (&)

Thong s6 song v 1a mot chi sb quan trong trong
nghién ctru dic tinh séng leo dugc xac dinh bang cong
thue: & = tanB/(H/Lo)'/2. K&t qua nghién ctru cho thay:

- Xu huéng bién dbi: Khi ¢ tang tir 1,90 dén 2,65
(twong ung véi vung soéng vo kieu do va chuyén tiep)

- Chiéu cao séng leo twong déi (R/H) tang dan dbi
v6i cd mai doc nhan va nham khong tham nuée.

Do co ché tiéu tan ning luong qua hién twong song
v trén bé mat nham va do rong cua 16p phu trong dé
chan séng tham nudce, chiéu cao song leo giam dang ké

$0 v6i trudng hop bé mat mai dée nhin khong thAm nude.

Khi thay 16p phi bang hat nhya dugc lién két bang
phu gia Polyurethane, gi4 tri R/H~1,45. Két qua thi
nghiém cho thay su chénh léch chidu cao song leo
giita m6 hinh mai déc nhin va nham 1a rit r5 rét.

Ky thuat va Céng nghé Hang hai

3.2.3. Chiéu cao séng (H) va Chu ky séng (T)

Theo két qua thi nghiém, d6i v6i cong trinh ¢6 bé
mat nhin va khong thim nudc, luu lugng tran dinh s&
gia tang khi chiéu cao séng (H) va chu ky song (T)
tang lén, trong pham vi ty 1€ 3.1 <dy/H, < 6.6.

3.3. Anh hwédng ciia cac thong sé két ciu

Nghién ctru thuc nghi€ém nay tap trung vao 3 thong
s6 két cAu chinh: Hé sé anh huong d6 nham (yf), d6
day 1ép phu (1) va do rong 16p phu (n).

3.3.1. Bo nham (yy)

Béang 3 md ta anh huong ciia d6 nham dén chiéu
cao song leo cho céc loai bé mat khac nhau. Cac hé sb
anh huong cua d§ nham yrduoc xac dinh béng cach so
sanh v6i chiéu cao song leo 1én mai déc nhin va

Bdng 3. Xac dinh gia tri do nham

Lép phit bé mit D§ nham ()
Bé& mit nhiin, khong thim 1.0
Luwéi hat nhua tao do nham trén
mii dc khong thim:
- b6 day ludi hat nhya 1,0 cm. 0.60-0.80
- b6 day ludi hat nhya 1,8 cm 0.55-0.75
- B¢ day ludi hat nhya 3,0 cm 0.5-0.70

khong tham.

Céc mAu thi nghiém bao gdm 3 16p hat nhya don
v6i cac théng sé: GS=6,4mm va n=53,8%,
GS=14,0mm va n=30,4%, GS=20,0mm va n=51,3%)
dugc ¢b dinh trén méi ddc co kich thude khac nhau
(loai 0,6mm day, 6 ludi 5x5mm, loai 1,2mm day, 6
ludi 10x10mm).

Gia trj tir y,= 1,0 dén y,= 0,5 tuong mg véi su
giam chiéu cao song leo twong d6i (R/H) khi bé mat
dé chan séng dugc thay dbi tir bé mit nhin sang bé
mit nham.

3.3.2. D6 day I6p phii (1)

Do day cac 16p phu (1) 1a thong s chinh lién quan
dén do rong (n) cta 16p bao vé. Khi kich thude cta
cac khéi phu thay déi, do day cac 16p phu (1) ciing thay
d6i twong tmg. Thyc hién thi nghiém véi do day 16p
phu lan luot: 1,0cm, 1,8cm va 3,0cm. Khi d6 day 16p
phu (1) tang lén, nghién ctru ghi nhan sy suy giam
trong chiéu cao song leo twong ddi (R/H) dbi véi cac
mai déc nham khong thim nudc.

3.3.3. DB rong ciia I6p phii (n)

Khong tim thay mdi trong quan rd rang giita chidu
cao song leo va do rong trén cac mau mai déc tham
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nude duge thir nghiém. Hon nita, viéc dich chuyén cac
khdi phu va mirc d¢ nén chit 16p phu trong qué trinh
thi cong khong ghi nhan dwoc sy thay doi cuia chidu
cao song leo.

Két qua trong Bang 4 cho thdy rd su suy giam
chiéu cao song leo tuong d6i khi tang d6 nham va do
day 16p phu. Truong hop mat nhin cho két qua R/H
cao nhit va mau cé sir dung Elastocoast cho thy hi¢u
qua tiéu tan nang luong song rd rét. Tuy nhién, khong
ghi nhan dugc xu hudng tuyén tinh rd rang theo do
rong, do sy anh huong ddng thoi cta hinh dang, mic
d6 nén va kich thudc hat.

Bing 4. So sanh két qud thi nghigm

Chiéu
b
cao
b day | Do ,
i . song leo
Loai 16p phu nhdm | 1ép | rong
twong
i phi | (%) ;
(cm) doi
cm
(R/H)
Mit nhén,
. 1 - - 1,78
khong tham
GS =6,4mm 0,75 1 53,8 1,42
GS =14mm 0,65 1,8 | 304 1,36
GS =20mm 0,55 3 51,3 1,28
GS=20mm
0,5 3 ~40 1,22
Elastocoast

3.4. Phén tich két qud thi nghiém so véi cdc
cong thirc tinh todn cong bo

Két qua thuc nghiém cho thay chiéu cao song leo
tuong ddi (R/H) chiu anh hudng rd rét tir cac thong
s6 cdu tao mai doc nhu d6 nham (yy), d6 day 16p phu
(1) va @6 rong 16p phu (n) - dic biét khi ing dung vat
liéu m&i nhu Elastocoast ¢ cdu tric thadm nude, lién
két dan hdi va kha nang tiéu tan nang luong song 1on.

Khi so sanh véi cac cong thire 1y thuyét da duoc
cong bé:

- Cong thic TAW (2002) cho két qua phu hop
trong khoang sai s £10-15% so voi mé hinh thyc
nghiém khi mai déc c6 d6 nham trung binh (y;= 0,6-
0,7) va khong xét dén d6 thAm nudc. Tuy nhién,
TAW chua tinh dén anh huéng dong thoi cua do rong
va 16p phii tham nudc nhu Elastocoast.

- Cong thtrc Ahrens & McCartney (1985) chi ra
mdi quan hé phi tuyén véi thong sé song v (&), nhung
van duoc xay dung trén gia thiét 16p phu 1a d4 khéi co
kich thudc hdn hop, khéng mo ta chi tiét anh huong
ctia d6 rong va cAu kién dic biét nhu PU lién két.
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- Cong thirc Van der Meer & Stam (1992) ap dung
trong cac truong hop mai déc nham, dong thoi dua
vao thong s6 hinh hoc cua dé va dic trung song, cho
két qua tuong ddi sat voi thuc nghiém trong céac
truong hop 16p phi c6 do rong cao (>50%). Tuy
nhién, van can hi¢u chinh hé s phu hop néu 16p phu
1a vat liéu dan hdi nhu Elastocoast.

- Cong thuc Chue (1980) va Hunt (1959) mac du
don gian nhung cé do sai léch kha 16n trong cac
truong hop mai ddc thdm nude va c¢é vat lidu phu
phttc hop. Sai s6 trung binh 1én t&i 30-35% so véi
két qua thi nghiém.

Duya trén két qua phan tich, néu 16p phu co do
nham cao (y7 < 0,6) va d6 rong 16n (>50%), khuyén
nghi st dung cong thirc Van der Meer két hop véi
hiéu chinh hé s thuc nghi¢m tir m6 hinh dé phan anh
dac tinh hfip thu nang lugng soéng cua vat liéu
Elastocoast. Néu 16p phu 1a ciu kién dang da xép c6
d6 nham trung binh, c¢6 thé sir dung cong thirc TAW
(2002) v6i sai s6 chap nhan dugc (<15%) trong giai
doan thiét ké so bg. Trong trudng hgp cin tinh toan
nhanh hodc kiém tra so bo, cong thirc Ahrens & Titus
(1985) c6 thé ap dung véi diéu kién hiéu chinh hé s6
song vo (&) theo dac tinh 16p phu thuc nghiém.

Viéc lwa chon cong thirc nén gin vai timg t6 hop
thong s6 két cAu cu thé cia mai dbc (y; [, n), thay vi
ap dung mot cong thire ¢b dinh. Can wu tién cac mod
hinh c6 kha nang hi¢u chinh linh hoat theo dac trung
vat li€u phu nhu Elastocoast dé tang d6 chinh xac va
pht hop véi diéu kién thuc té.

4. Két luan

Két qua thuc nghiém vé chiéu cao song leo céac
mai déc nhin va nham cta cac cong trinh bao vé bd
bién c6 d6 nham 1a cac khdi xép hinh cau dong nhat
va ung dung cong nghé Elastocoast phi hop voi két
qua tinh toan theo cac nghién ctru trudce do.

Anh hudng cia chiéu cao song, chu ky song, do
déc song, @6 nham, d6 day 16p phit dén chiéu cao song
leo da dugc danh gia theo mo hinh tht nghiém. Su
tiéu tan nang lugng khi séng v&, @6 nham va do rong
clia cac 16p phu 1am chidu cao song leo thay déi. Hé
s6 anh hudng ctia ¢ nham (), thay doi trong khoang
tir 1,0 dén 0,5. Do day cua 16p phu ciing c6 anh hudng
dén chiéu cao song leo nhung khéng tim thdy mbi
tuong quan dang ké nao giira chiéu cao séng leo va do
rong 16p phit dbi voi mai dbe tham nude.

Lo&i cdm on

Nghién ctru nay dugc tai trg baoi Truong Dai hoc
Hang hai Viét Nam trong dé tai M s6: DT24-25.82.
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