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TOM TAT

Cac m6 hinh dugc xay dung theo hudng dit liéu thuc nghiém ngay cang dugc st dung nhiéu dé
mo phong dién bién dudng b theo nhiéu quy md thoi gian, tir vai ngay dén nhiéu thap ky. Bén
canh do, viéc tinh toan, moé phéng thay déi dusng ba bang mé hinh thuc nghiém cling don gian,
tiét kiém chi phi va thai gian néu moé phdng trong thoi gian dai. Dién bién dudng bd néu dugc tinh
todn dya trén chi riéng mé hinh thuc nghiém cross-shore (ngang bd) hodc longshore (doc ba) la
khong du dé dan dén két qua mo phong ky vong. Viéc két hap mo hinh doc bd va mé hinh ngang
ba cho thay su cai thién két qud mé phong cing nhu du doan dién bién dudng bd. Nghién ctu
nay tap trung vao tinh kha thi cia mé hinh thuc nghiém dang két hop ép dung cho ba bién dang
vinh dién hinh clia Nha Trang, Viét Nam dudi anh hudng ctia khi hau nhiét déi gié mua. M6 hinh két
hop dugc ghép tir hai mo hinh, mé hinh ngang bd va mé hinh doc ba. Mé hinh két hop co thé mo
phong dugc su thay d6i ctia dudng b theo mia do chuyén téi bun cat ngang bd 1an chuyén tai
bun cat doc bd gay ra. Bén canh d6, mot diéu chinh nho gia tri cia s6 Dean can bang (equilibrium
Dean number Q) trong mé hinh ngang ba dugc dé xust dé cai thién két qua moé phong qua trinh

boi lang clia ba bién vao mua he.

Tit khoa: mo hinh thuc nghiém, dién bién dudng bg, x6i mon, boi ldng, ba bién

GIGI THIEU

Nhiing bo cat thuong dé bi x6i mon hon so véi cac
dang dia hinh ven bién khédc. Dy dodn dai han vé dién
bién dudng b cta ching van 1a vin dé quan trong
d6i v6i nganh ky thuét ven bién. Chiét lugng ciia mé
hinh dién bién dudng bo dai han hién nay van con
nhiéu han ché. M6 hinh nay thudng khong dé dang
thuc hién dua trén cac mo hinh vat ly. Giai phéap thay
thé t6t nhét la st dung cdc mo hinh thuc nghiém don
gian!. Trong d6, tit ca cac qué trinh béi tu / x6i mon
ngang bo phtic tap dugc gdi gon trong mot vai tham
6. Khi dugc hiéu chinh boi chudi di liéu dang tin
cdy, cac mo hinh ngang bd (cross-shore models) co
thé du doan kha t6t>. Trong dang m6 hinh nay, mét
hing s6 thudng dugc thém vao dé€ ké dén céc thay
d6i dudng bo khong thé giai thich dugc, chdng han
nhu céc thay d6i duong b mang tinh chat dai han va
khong tuong quan véi céc thay d6i diéu kién song &
quy mo thdi gian nho (ngay hodc tun).

Trong s6 cic qud trinh thay d6i dudng bo khong dugc
ké dén, d6 1a sy dong gbp ctia gradient chuyén tai bun
cat doc bo. Dic biét, gradient nay rit quan trong doi
v6i nhiing dudng bo dang cong nhu cac b bién dang
vinh4. D cong clia bs bién anh huéng dén sy khic
xa va nhiéu xa ctia song khi ching lan truyén ti viing

nudc sau dén diém song v3. BJ bién sé § trang thai
can bang néu huéng séng trung binh tryc giao vi by
bién. Khi séng t6i xién géc v6i by sé tao ra su chuyén
tai bun cit doc b va ciing vi huéng bo bién thay déi
doc theo dudng bd, nén tao ra gradient chuyén tai bun
cat, dan dén sy thay déi vi tri dudng bo. Dé ké dén
diéu nay, ching t6i sit dung m6 hinh két hgp> 12 mé
hinh bao gém ca m6 hinh ngang b& ShoreFor ctia? va
md hinh doc bd ctia”.

Nghién ctiu nay tap trung vao viéc 4p dung moé hinh
két hgp, la moét dang mo hinh thuc nghiém, cho
dudng bo bién dang vinh ctia Nha Trang, Viét Nam.
Khi hau Nha Trang bi chi phéi boi khi hau nhiét déi
gi6 mia, vi vdy nhiing thay d6i dudng bs ¢ day ciing
bi anh huéng boi khi hiu dic trung nay.

PHUONG PHAP

M6 hinh ngang b ShoreFor?
Mo hinh ShoreFor dugc viét dudi dang:
ds
—:C(FJr—O—rF*)—I—d (1)
dt
véi t 13 thoi gian (ngay); S(t) la vi tri dudng bg; ¢
(m! ngay~'Watt=0) va d (m/ngay) 1a céc tham s8
tu do c6 dugc tii phuong phép t6i uu hoéa. “d” dai dién

Trich dén bai bdo nay: YEn TH, Barthélemy E, Marchesielo P, Almar R, D4c H T, Théng N, Thuan D H. Mé
hinh thuc nghiém mé phéng dién bién dudng b& cho ba bién Nha Trang. Sci. Tech. Dev. J. - Eng. Tech.;

4(SI1):S143-SI51.
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cho nhiing bién déi duong bo trong quy mo thai gian
dai hon do nhiing nguyén nhén khéc, ngoai nguyén
nhan chuyén tii ngang bd. F™ va F~ lan lugt dai dién
cho s6 hang dong luc séng giy boiling va giy x6i mon,
chung dugc xac dinh nhu sau:

FE=P"AQ/0n0 ®)

v6i P 1a nang lugng séng t6i; AQ dugce goi 1a la s6
Dean mit can bing: AQ = Qq (1) —Q(¢); oag 12
d06 1éch chudn cta AQ. Q(t) 1a vén téc ling khong
thit nguyén hay con goi la s6 Dean hay s6 Gourlay:
Q=H,/ ((QYT,,); H; 1a chiéu cao s6ng c6 nghia; g
12 van téc ling ctia hat bun cat® T, 1a chu ky dinh
phé song; Qo(t) 1a s6 Dean cin bang, dugc xac dinh

nhu sau’-8:

2¢ /At
Z 10-74t/9

_ J=0

T 20/t
10-7Lt/¢

j=0

Qo (1) €)

v6i ¢ (ngay) dugc goi 1a thong s6 bo nhd, At 1a buéde
thdi gian ctia dit liéu song, j 1a s6 diém dii liéu trong
chuéi thoi gian do dac trugc thdi diém tinh todn t8:
Tham s6 r dugc goi 13 ty s6 x6i mon2:
N p+
z‘41‘:0 i

— (4)
YioF

r=

trong d6 N la chiéu dai cta chudi di liéu do dac?.

M6 hinh doc bo
Mb hinh doc bg ctia® dugc xay dung dya trén ¥ tudng
rdng gradient clia ning lugng song doc bs giy ra
chuyén tai doc bg, tli d6 tao ra nhiing thay déi vi tri
dudng bs. Mb hinh one-line® va biéu thiic CERC !0
dugc sti dung d€ x4y dung moé hinh doc ba nay. M6
hinh dugc viét dusi dang:

ds 3/2 [

o /% lacos 2061; + bsin 2061; (5)
véiavabla tham s6 tu do clia mo hinh. Céc tham s6
avab chita thong tin vé€ gradient doc bd ctia goc song
tdi @, ctia gée dudng b B va cta chiéu cao séng cd
nghia H;. ocl/7 1a gia tri nhiéu ctia goc séng téi o, : (xl; =
0y, — 0g, 1a goc séng t6i (Hinh 1) va ¢y, 1a gia tri trung
binh ctia . Hinh 1 chi ra hinh chiéu bing ctia géc
séng t6i a, va goc dudng ba B. Trong mo hinh doc
bd, géc dudng bs can bing B va gbc séng t6i trung
binh &}, cin thoa man diéu kién:

Bl =)+ 3w () ©

Sla4

Véi y dugc dinh nghia theo:

v phu thudc vao sy tuong quan gitia chiéu cao séng
va huéng séng. Néu gid tri ctia w nhé thi B x4p xi @,.
Do d6, hudng séng t6i trung binh sé vudng goc véi
dudng bo. Trong quy mé nhiéu ndm, bd bién dugc
dugc gia dinh 1a dat trang théi cAn bing néu hudéng
song t6i khong thay d6i va tryc giao véi dudng bo.

Mb hinh két hop

M6 hinh ngang b va m6 hinh doc b duge két hop
bang cich thay thé tham s6 ty do “d” trong phuong
trinh ctia moé hinh ShoreFor (1) bang phuong trinh
mo hinh doc bs (5)°. Diéu nay cé nghia la nhiing
thay d6i dudng b trong quy mé thdi gian dai ma chua
giai thich dugc, dugc biéu thi bang “d” trong mé hinh
ShoreFor, sé dugc gan 1a nhiing thay d6i dudng bs do
nguyén nhén tit chuyén tai doc b trong md hinh két
hgp. Diéu nay dugc xem la thich hgp vi chuyén tai
doc b 12 qué trinh dién ra rdt cham ! va theo huéng
hoan toan doc 1ap (hudng vuong géc) véi chuyén tai
ngang bd. M6 hinh dugc viét nhu sau:

% =c (F+ + rF_) +Hb3/2 [acosZ(x;, +bsin2(x;,}
V6i o, Hy, lan lugt 1a géc song téi va chiéu cao song
¢6 nghia tai diém séng v3. Theo (7), md hinh c6 4
tham s tu do gom a, b, c va ¢. Céac tham s6 tu do nay
bao ham céc tinh chét vét ly cia mo6 hinh, do ciing 1a
ly do tai sao loai m6 hinh nay dugc goi 1a mé hinh
thuc nghiém. Cac tham s6 mo hinh a, b va ¢ dugc tim
qua phép t3i uu hda bing phuong phép Simulated An-
nealing (R software) d€ gidm thiéu RMSE (root mean
square error) gitia di liéu duong bs do dac va mod
hinh. Gid tri ctia ¢ dugc thay d6i 6 méi budc t6i uu
hoéa theo dang thé thit. Nhu vdy, mbi budc t6i uu hda
sé bao gdm 2 viéc: chon gid tri ¢ c6 dinh nao d6 dé
tinh cac thong s6 khac trong moé hinh va sau do ap
dung phuong phap t6i uu héa d€ tim a, b va c. Tiép
theo, ghi nhén lai gid tri RMSE thu dugc & mdi nhém
gid tri ¢, a, b va c. Cudi cung tim dugc gid tri RMSE
nho nhét va nhém gia tri ¢, a, b va ¢ tuong tng.

Khu vuc nghién ctu

B0 bién Nha Trang dai khoang 6 km, thu¢c bd bién
bong Nam, Viét Nam (Hinh 2). Phia Bic gidp ctia
song Cai, phia Nam dugc che chin bdi cac ddo Hon
Tre, Hon Tam va Hon Miéu. Ché do thuy triéu khu
viic bao gém ca nhat triéu va ban nhat triéu véi bién
d6 triéu khoang 1,5 m. B¢ bién dugc phén loai 1a
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Hinh 1: Binh nghia géc séng téi va goc dudng ba. Quy udc chiéu kim déng hé 1a duang va ngugc lai 1a am. N thé

hién huéng Bac. k la vectd song.

thém triéu thdp (low-tide terrace) va d6 doc khoang
0,112, Puong kinh trung binh hat cét la 0,4 mm. Khu
viic xem xét trong nghién ctiu nay la tai vi tri do dac
thuc dia ctia du &n COAST VAR (Coastal Variability in
West Africa and Vietnam) 2, § phia bac bo bién Nha
Trang (Hinh 2).

Song 6 Nha Trang dugc tao ra boi gié mtia mtia he (i
thang 5 dén thang 10) va gi6 mtia mua déng (i thang
11 dén thdng 4 ndm sau) (Hinh 2). Séng ctia gi6 mua
mua heé dén tit huéng Dong Nam rét yéu, trong khi
gié mua muia dong tit huéng Dong Bic tao ra séng rit
manh. Tu thdng 8 dén thang 12, cdc con bao thuong
d6 vao Nha Trang theo huéng Dong Bic.

Dir liéu dau vao

Dii liéu véan t6¢ gi6 ¢ do cao 10m va di liéu song
cia ECMWF (European Centre for Medium-Range
Weather Forecasts) v6i budc thoi gian 6h tii thang 5
nam 2013 dén thang 12 ndm 2015 dugc sti dung d€ mod
phong lan truyén song dén d6 sdu 10 m va tai diém
séng v& nhd phdn mém SWAN (Simulating WAves

Nearshore). Két qua di liéu séng & d6 sau 10 m va
tai diém song v& dugc stt dung d€ 14p mo hinh dién
bién dudng bo vi dua dén két qua mo phong tét hon
so v6i dii liéu séng 6 cac do sau khac, bao gom ca dit
liéu song xa bo tit ECMWE Budc thoi gian ctia trudng
song thu dugc tit SWAN bao gém Hy, T), va o la 1h.
Dii liéu duong bo thu dugce tii hinh dnh video cta
camera dugc stt dung d€ hiéu chinh moé hinh. Hinh 3
chira vi tri ldp dit camera la tai diém do dac thuc dia
ctia dy an COAST VAR va duong bo thu dugc tit hinh
anh ctia camera dugc 1ap dit tit thang 5 ndm 2013 dén
thang 12 nam 20152, Viéc do dac dudng bs dugc
thuic hién cach 300m doc theo bd bién vé phia Bic cta
vi tri do dac thuc dia (Hinh 3). Trong nghién ctiu nay,
vi tri dudng bd dugc tinh toan bing cach ldy trung
binh doc bd khoang 100 m vé phia Nam, gan diém do
dac thuc dia. Budc thoi gian trung binh cta dit liéu
duong bo 14 1 ngay.

KET QUA

Pau tién, mé hinh ngang bs ShoreFor dugc xay dung
lai 3 mo6 phong dién bién dudng bo trude khi ép dung
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Hinh 2: Vinh Nha Trang véi ctra séng Cai (1) & phia bac va nhom ddo & phia nam gém Hon Tre (2), Hon Tam (3) va

Hon Miéu (4).

md hinh két hgp. Gid tri RMSE nho nhit la 3,28 m
ung véi gid tri ¢ 1a 70 ngay. Tham s6 mo6 hinh cvadlan
lugt1a 0,0110 m! ngay ! Watt=0- v 0,0003 m/ngay.
Gia tri ctia ty 1¢ x6i mon r 13 0,2358. Hinh 4 (a) cho
thdy r6 rang cach ¢ anh hudng dén gid tri s6 Dean can
bing Q. Trong phin d4u tién ctia mua dong, khi biéu
do6 bao c6 xu hudng ting 1én, hau hét trong sudt thoi
gian nay, s6 Dean can bing Q¢ nho hon s8 Dean ttic
thoi Q (t). Diéu nay la do véi ¢ = 70 ngay, Qo dugc
tinh dya trén trung binh trong s6 ctia cac gia tri Q nho
tit cac thoi diém thudc mua heé. Hinh 4 (b) cho théy su
thay d6i dudng b theo mua dugc mé phong bai su
dong gop ngang bo la cht yéu. Tl thang 11 dén thang
1 khi ¢6 nhiéu con bdo manh, b& bién c6 xu huéng
x6i mon. Tu thang 2 dén thang 5, séng yéu hon, bo
bién c6 xu hudng boi ling.

Trudc khi 4p dung mé hinh két hgp, diéu kién duong
bd dat trang thai can béng trong biéu thiic (6) cin
dugc kiém tra. Ca dit liéu song tai diém séng v& (ky
hiéu v6i “b” di kem) va & d6 sdu 10 m (ky hiéu véi “10”
di kém) déu dugc stt dung dé kiém tra diéu kién can
bang (Bang 1). B, 1a géc bo trung binh dugc do trén

Sl46

cac anh ctia Google Earth trong thoi gian mo phong.
Bang 1 cho thdy 3, ¢6 gid tri gdn v6i B, hon B¢, diéu
nay mang lai su tin cdy trong viéc tinh todn séng v&
bing phan mém SWAN. Do d4, dii liéu séng tai diém
song v& sé dugc st dung cho thanh phan doc bd trong
md hinh két hgp (7). Thanh phan ngang bd ctia md
hinh dugc tinh todn véi dii liéu séng & do sau 10 m.

Tiép theo, dua trén cling mdt chubi di liéu song va
duong bo, mo6 hinh két hop duge st dung d€ mo
phong duong bs (Hinh 5) va d€ so sanh véi két qua
tl mo hinh ShoreFor (Hinh 4). Trong moé hinh két
hop, su hiéu chinh gid tri ctia Q) ciing dugc dé cap dé
dua dén két qua mo phong tét hon. So véi két qua tu
mo hinh ngang bo ShoreFor (Hinh 4), két qua tit mo
hinh két hgp mang lai sy cai thién kha r6 (Hinh 5).
Gid tri RMSE 1a 2,26m, nhé hon so véi trong m6 hinh
ShoreFor. Gid tri clia cic tham s6 mo hinh a,bvacla
0,0239, 3,015 va 0,0195. Ty I¢ x6i mon r la 0,5413 va
¢ 1a 20 ngay thay vi 70 ngay trong m6 hinh ShoreFor.
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{ ‘
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Shoreline
position

Shorelines
from
camera NNT

Hinh 3: D{ liéu dudng bd thu dugc tir camera. DS1 chi vi tri do dac thuc dia ca du an COASTVAR. DS2 thé hién
cac dudng bo thu dugc tir hinh anh cla camera tir thang 5/2013 dén thang 12/2015

Bang 1: Gia tri cGia v, W10, Qps A10, Bps B1o and B,

Vs Vio ap Q1o B Bio Bm
-0.27° -58.53° 2.68° 18.02° 2.54° -11.25° 2°
THAO LUAN bo, khi khong c6 séng v&, déng gép doc bo sé bing 0.

Hinh 4 (b) cho thdy r6 rang la qua trinh béi ling dugc
mo phong khong t6t trong cac dot gié muia mua he.
Diéu nay 1a do gia tri trung binh trong s6 ctia Qg phu
thudc nhiéu vao gid tri cia ¢. Trong cac dot gié mua
mua he, dong luc séng nho dan dén gid tri Qp nho
va khong chénh léch nhiéu so véi gia tri Q tidc thoi.
Do d6, AQ c6 gid tri nho va gay ra sy thay ddi vi tri
duodng bo trong mo hinh tré nén thdp. Ngoai ra, do
song trong giai doan nay rit yéu nén déng gép doc bs
khong thé bu dép cho sy mo6 phong kém nay. Trén
thuc té, trong cac dot gié mua mua he, thong s6 dong
dang séng v& & dugc tinh toén c6 gid tri 16n hon 3,3
(& dugc tinh tu dii liéu séng & do sdu 10 m). SOng vo
lic nay dugc phan loai 13 “surging breakers” va song
khi tién gdn bo hdu nhu khéng v3. Trong mé hinh doc

Tuy nhién, trong m6 hinh ngang bd, séng cé gia tri
nho nhung dién ra trong thoi gian dai van gop phan
vao qud trinh béi lang ngang bs. Do d6, dudng bo
bién c6 xu hudng boi lang vao mua hée. D€ khic phuc
han ché ctia m6 hinh du6ng bo vao mua he, khi song
c6 nang lugng rat thép, véi thong s6 dong dang song
vd & cao hon 3,3, Q) sé dugc gdn mot gid tri khong
d6i. Trong trudng hgp nay, vao mua he, bd bién c6 xu
huéng béiling khi Q (t) nhé hon 0,8, d6ng thoi khi do
nhén thdy, & thudng16n hon 3,3. Vi véy, vao nhiing
thoi diém nay, Q dugc gan gia tri bing 0,8 (Hinh 5
(a) va (b)). Hinh 5 (c) cho thdy vi tri duong bo trong
mo hinh két hgp vé6i Q) duge diéu chinh. Két qua
dugc cai thién dédng ké va vi tri dudng bd duge mod
hinh hoa rit gan véi vi tri dudng bo do dugc trong
mua heé (Hinh 5 (c)) so v6i két qua trude d6 (Hinh 4
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Hinh 4: (a) Chubi gia tri cla Q(t) theo thdi gian (xanh), Qy(t) (cam) va dudng bao. (b) Dién bién dudng bd ti méd
hinh ShoreFor ngang ba. Vi tri dudng b do dac theo thai gian (cham xanh), vi tri dudng b tir mé hinh ShoreFor

(héng).

(b)). Gia tri RMSE la 2,26 m, nho hon nhiéu so véi
mo hinh ShoreFor (RMSE = 3,28 m). Nho vy ma mo
hinh ciing c6 thé mé phong dugc nhiéu hon cic thay
d6i duong bd & quy md thoi gian ngin. Hinh 5 (d)
ciing chi ra sy dao dong theo mua tii déng gop cua
md hinh doc bg tuy nhiing dao dong nay la nho so
v6i dong gop ctia mo hinh ngang bo.

KET LUAN

Céc két qua tit m6 hinh két hgp dugc hiéu chinh véi
trudng séng tit SWAN & vi tri do sdu 10m va tai di€ém
séng v& co6 su cai thién kha nhiéu so v6i mé6 hinh
ShoreFor. Péng gbp ctia md hinh doc bs dem dén
st mo phong thay d6i vi tri dudng b dugc tdt hon.
Ngoai ra, dién bién dudng b theo mua von 1a dic
diém néi bat ctia bd bién Nha Trang ciing dugec mo
ta r6 rang hon bai sy déng gop cta chuyén tai bun cét
ngang bo 1an chuyén tai bun cat doc ba.

Bén canh d6, chung t6i dé xudt ring gid tri cla s6
Dean c4n bang nén dugc hiéu chinh khi séng c6 ning
lugng rit thép (§¢> 3,3). Gid tri ciiathong s6 bo nhé ¢
theo céch xdc dinh thong thudng khong thé mé phong
t6t qua trinh boi lang vi Q) chiu dnh hudng nhiéu bai
cac gid tri Q tit khoang thai gian dai trude d6. Do dé,
dé cai thién két qua mo phong, s6 Dean can bang Q
dugc gan gid tri khong d6i khi thong s6 dong dang
s6ng vd & 16n hon 3,3 (surging breakers). Bing cich
d6, RMSE 06 gia tri nho hon dang ké va vi tri duong
b6 dugc md hinh héa phi hgp hon véi vi tri duong
bo do dac.
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Mic du m6 hinh két hgp cho kha ndng moé phong tét
hon so véi mo hinh ngang bd “thudn tdy”, n6 van chua
mo6 phong dugc hét sy thay déi ctia dudng b trong
cac qua trinh boi tu va x6i mon. Pay cling 1a trudng
hop gdp phai ctia cic mo hinh ngang bs. Vin dé€ nay
hoan toan do cich dinh nghia va xdc dinh Q. Cach
rit thé so ma ching t6i da lam d€ cai thién két qua
md hinh da cho thdy cach tinh trung binh trong s6
Qo theo ¢ thay dai theo thoi gian va gia tri ¢ khong
d6i trong sudt chudi thoi gian mé phong dudng bo
can dugc xem xét lai. Viéc hiéu ro hon vé ¢ va vai tro
thuc su clia ¢ can dugc nghién ctu ky hon.
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Hinh 5: (a) Chudi gia trj ctia Q(t) (xanh), Qo(t) (cam) va dudng bao. (b) Chudi gia trj cia thong s6 déng dang s6ng
v& & (t). (c) Dién bién dudng bd ti mo hinh két hgp. Vi tri dudng ba do dac theo thai gian (cham xanh), vij tri
dudng bd tir mo hinh két hgp (dd), vi tri dudng b ti mé hinh ShoreFor (hdng). (d) Sy déng gép ciia mé hinh
ngang bd (tim) va ctia mé hinh doc b (vang) trong moé hinh két hop.
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ABSTRACT

Empirical data-driven models are increasingly being used to simulate shoreline evolution over time
scales ranging from days to decades. For the empirical shoreline evolution modeling, the combined
longshore and cross-shore modeling demonstrate the ability to improve the prediction skills for
shoreline changes. This study focuses on the feasibility of the combined model with a case study
of the embayed beach shoreline of Nha Trang, Vietnam. Nha Trang's climate is dominated by the
tropical monsoon climate, so the beach changes here are strongly affected by this typical climate.
The combined model applied in this study is a coupling of the cross-shore model and a longshore
model. The combined model can provide the seasonal shoreline position fluctuations induced
by the longshore contribution. Besides, it is realized that the very mild waves in summer induce
strong accretion which the model cannot simulate. Therefore, a small modification of the equilib-
rium Dean number () in the ShoreFor cross-shore model is suggested to improve the accretion
simulation.

Key words: empirical, shoreline model, erosion, accretion, beach
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