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Tém tit

Do dong ddt hodc nii lira hoat dong ngoai khoi,
ddy bién noi c6 mdi doc 1om cé thé bi sat 16 gdy ra
séng than. Séng than tuy dwoc hinh thanh & viing
niede sdu véi bién d¢ ban ddu kha nhé nhing né
c6 thé lan truyén nhanh va khéng bi suy giam
nang lwong. Pdc biét khi gdp dwong bo doc
nguwoc, chiéu cao song than sé tang rdt nhanh va
c6 thé gdy ra tham hoa véi dat lién. Sat 1o ddt
ngam tao séng than la hién tiwgng phic tap chiu
sw tde dong qua lai giita nang lwong ddy bién va
nang luong song. Trong nghién citu nay, tac gia
gidi thiéu mé hinh s6 tich hop mé phong hién
twong sat 16 dat ngam bang hé phwong trinh phi
tuyén nwée néng va hién twong tao - lan truyén
séng bang hé phwong trinh Boussinesq mo rong
c6 xét toi diéu kién bién ddy bién thay doi theo
thoi gian - khéong gian. Két qua mé phong bai todn
mot chiéu ciia mé hinh tich hop sat lo dat ngcim
tao séng than dwgc kiém chudn voi két qud thi
nghiém cua mo hinh vdt ly.

Tir khoa: MG hinh s6, mo hinh tich hop, sat 16 ddt
ngam, song than, bai toan mgt chiéu.

Abstract

Due to the earthquake or the active vocalno at the
ocean, the seabed surface at the steep slope may
slide down that induces tsunami. Tsunami
generated in the deep water area has the initial
small amplitude, but it can propagate very
quickly, without energy loss. Especially when it
meets the shore line, the wave height may be
increased quickly then causes the disaster
problem. The submarine landslide-induced
tsunami is the complicated inter - connected
phenomenon between sedbed energy and water
wave energy. In this study, the integrated model is
introduced to simulate submarine landslide using
the nonlinear shallow water equations and
tsunami using the extended Boussinesq equations

including the bottom - varying in time and space.
The result of one - dimensional integrated model
of submarine landslide - induced tsunami is
verified to the experimental data.

Keywords: Numerical model, integrated model,

submarine landslide, tsunami, one-dimensional
domain.

1. Giéi thiéu

Sat 16 dat tao song than luon 1a mot dé tai thir thach
v6i cac nha khoa hoc dai duong tir trude téi nay [1] -
[7]. Nam 2011, tran dong dat song than hdn hop tai
Tohoku, Nhat Ban xay ra da 1am khoang 18.000 nguoi
chét va thiét hai hang ty d6 la. Trong mot nghién ciru
sau d0, cac nha khoa hoc dd chimg minh ring sat 16
dat ngam dudi day bién do dong déat da gop phan lam
gia ting chiéu cao song than 1én dén 40 m khi vao dén
bo bién [4]. Cudi nam 2018, nui lira Anak Krakatau
hoat dong ngoai khoi Indonesia da 1am xuét hién song
than va lam chét hon 400 nguoi [6]. Tai Quang Nam
cubi nam 2017 ciing da xay ra sat 16 dat tao song than
d3 1am mot nguoi chét va pha hity nhiéu ngdi nha ven
song Trudng nhu Hinh 1 [7]. So véi song than tao boi
dong dat, song than tao bai sat 10 dat thuong c6 bién
d6 song cao hon va chiéu dai séng ngan hon [8]. Do
d6, nhiéu nha khoa hoc da day cong nghién ctru dé du
béo hién tuong két hop nguy hiém nay.

Hinh 1. Sat 16 dét géy séng thin
tai khu vuce song Truwong, Quding Nam [7)
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Dén nay, c6 hai cach tiép can dé giai bai toan sat
16 dat tao song than. Cach thir nhat 1a gia sir bé mat
day thay ddi nhu hinh e-lip chuyén dong trugt xudng
dé tao song dung cac hé phurong trinh ban ba chiéu (hé
phuong trinh Boussinesq) [9]. Cach thir hai 1la mo
phong sat 16 dat dong thoi véi mé phong song déu
dung hé phuong trinh phi tuyén nudce néng [10]. Céch
thir nhat ¢6 wu diém 1a mo phong dugc song ngin
nhung lai khong mo phong sat 16 dat ma chi gia sir
diéu kién bién day chuyén dong. Cach thir hai tuy mo
phong dugc sat 16 ¢at nhung lai khong mo phong duoc
song ngin khi ding hé phuong trinh phi tuyén nudc
nong [11].

Trong nghién ciru nay, tic gia mo phong sat 1o dat
ngam va lay d6 lam gia tri day thay d6i ¢ mé phong
song ngan bang hé phuong trinh Boussinesq mo rong.
Do d6, phuong phép nay c6 thé khic phuc nhuge diém
cua ca hai cach tiép can trén. Sat 16 dat ngﬁm dugc mo
phong chinh xac véi hién tuwong khong lién tuc cua
diéu kién ban dau bang phuong phap thé tich hiru han.
Hon nira, hé¢ phuong trinh Boussinesq mo rong véi
thanh phan phan tan co tinh chinh xéac cao ¢ thé mo
phong duogc séng ngan nhu dic trung cua hién tuong
sat 16 dét tao song than.

2. M6 hinh tich hgp

Hinh 2 thé hién céac bién va dai luong chinh cua
md hinh tich hop, trong d6 hé truc toa do (x, y, z) ap
dung cho bai toan sat 1& dét ngﬁm va hé truc toa do (x’,
y’, z”) ap dung cho bai toan tao song.

song than

e 4 & MNL
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sat 1o dat ngdm |ty
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Py dong dat X\

Hinh 2. Mién tinh todn cho mé hinh tich hop

sat I dit ngdm tao song thin

2.1. M6 hinh sat 16 dit ngam

Hé phuong trinh chi dao ding dé tinh toan sat 16
d4t ngdm duogc 1a hé phuong trinh phi tuyén nudc
ndéng mot chiéu dudi dang bdo toan dung hé toa do
(b, $) [12] nhu sau:
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Trong d6 U, F, H lan lugt 1a thanh phan bién, thong
lugng va ngudn. Cu thé:
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Trong do, s va b twong ung 1a cao do bé mat sat 1&
va day sat 16, u 1a van téc trung binh theo phuong
dung cuia phan tir dat bi sat 16 theo phwong ngang Ox.
S, (=—0b/ox =tan @) 1a do doc day khong x6i (&
lagécdoc), u (=tang)van tuong Gmg 1a hé sé ma
sat trong (¢ 1a goc ma sat trong) va hé s6 nham
Manning thé hién thanh phan Iyc can do ma sat. Cac
bién s, u dugc thé hién trén Hinh 2. Vi hé toa do (b, 5)
duogc dinh nghia theo phuong truc z thang ding nén
¢ thé d& dang két ndi day thay d6i voi hé toa do
(h, &) dugc dinh nghia theo chiéu sau nudc ciia md
hinh séng.

Pé giai tich phan hé phuong trinh (1) ciia mé hinh
sat 10 dit ngam theo thoi gian, phuong phép tuong
minh Runge-Kutta 3 budc bac 3 dugc su dung [13].
Phuong phap nay cho d6 chinh xac véi bude thoi gian
da nho va dugce ng dung rong réi trong linh vuc mo
phong dong chay. Dé giai tich phan hé phuong trinh
(1) theo khéng gian, phuong phap hdn hop thé tich
hitu han - sai phan httu han dugc sit dung. Phuong
phap nay gan day duoc sir dung phd bién nhu su két
hop giita bai toan c6 diéu kién ban dau khong lién tyuc
va lién tuc [14]. Trong d6, phuong phéap thé tich hiru
han 4p dung giai thanh phan thong luong (F(U)) cho
diéu kién bé mit khong lién tuc, con phuong phap sai
phan hiru han ap dung giai thanh phan ngudn c6 do
dbc day lién tuc. Phuong phap thé tich hitu han m&i
duogc sir dung trong khoang 30 niam gan day véi thé
manh giai nhitng bai toan diéu kién ban dau khong
lién tuc. Phuong phéap nay kha phirc tap va s& duoc dé
cap chi tiét trong nhimg nghién ctru sau.
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2.2. M hinh séng thin

Heé phuong trinh mé phong séng than dugc sir dung
13 hé phuong trinh mot chidu Boussinesq mé rong véi
didu kién bién day thay dbi theo thoi gian [11], [15]:

oc o I
E+&(h+é’)u}+§=0 (5)

oa o _ou
—+g—=+0—
ot OX OX

h? &% 1 0% (. ou
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6 oxot |2 ox2 ot
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Trongdd U va ¢ tuongtng la van toc phan tir
song trung binh theo chiéu siu theo phuong Ox va
tung d6 bé mat song, h(x,t) 1a do sdu nudc thay doi
theo khong gian va thoi gian duoc thé hién trén Hinh
2, 7 (=1/15) la hé s6 diéu chinh mé rong kha ning
tinh toan cua md hinh ra ving nuwée sau hon.

Phuong phap sai phan hitu han duoc st dung dé
giai hé phuong trinh (5) va (6) twong tu nhu sir dung
trong mo hinh séng noi tiéng FUNWAVE 1.0. Dé giai
tich phan theo thoi gian, phuong phap du doan
Adams-Bashforth bac ba va phuong phap hiéu chinh
Adams-Moulton bac bdn duoc st dung. bé giai tich
phan theo khong gian, thanh phan dao ham bac nhat
duoc rdi rac hoa voi do chinh xdc bac 4 (O(Ax") ) va
nhitng thanh phén dao ham béc cao hon dugc roi rac
hoa chinh xéc bac 2 (O(Ax?)). Chi tiét vé& phuong
phap sai phan hiru han c6 thé duoc tham khéao trong
tai lidu [16].

3. Kiém chuin m hinh bai toan mét chiéu

Do tinh phirc tap ciia mé hinh sat 16 d4t ngdm tao
song than, co rét it thi nghiém vat 1y mo phong hién
tuong nay. Trong bai bao nay, tac gia dung thi nghiém
vat 1y ty 1€ nho sat 16 dat cat ngﬁm tao song dugc trinh
bay trong tai lidu [17] dé kiém chuan cho mé hinh s&
dé xudt. Day ciing 1a thi nghiém kiém chuén cho nhiéu
moé hinh sb ba chidu mé phong sat 1& dit ngim tao
song than voi d chinh xac cao [17], [18]. Mién tinh
toan mo hinh thi nghiém dai 4m, tir hoanh d¢ x =-1m
dén x = 3m nhu thé hién trong Hinh 3. Chiéu sdu nuéc
14 0,1m phia trén (& ving nudc nong) va tang dan theo
mai déc day dén 1,6m & ving nude sdu. Mot hop dat
cat khdi lwong riéng p. = 1.950kg/m* véi kich thude
hinh chiéu ding 1 0,65m x 0,65m dugc dit trén mai
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dbc 16n 45° va duge ngén boi mdt canh ctra. Sau khi
canh ctra dot ngdt mo, dét cat sat tu do xuéng mai déc
va mat nuéc dao dong tao song (hay song than).

Hinh 4 thé hién két qua ctia mo hinh tich hop dbi

Hinh 3. Diéu kién ban dau ctia thi nghiém sat 1¢ dét ngam
tao song [17]

v6i mién tinh toan cua thi nghiém kiém chuén tai cac
thoi diém 1=0,4s (Hinh 4.a) va t=0,8s (Hinh 4.b). Duéi
tac dung ddy ndi ctia nudc, khdi cat truot xudng mai
dbc 45° voi gia toe ddy ndi ga = g(pe- pu)/pe = 0,5
(trong d6 g = 9,81m/s? 1a gia tdc trong truong).

0.5

séng than

N
-1 sat |16 dat
15
4 05 0 05 1 15 2 25 3
X (m)
a) t=0,4s
0.5
séng than
0 .......................................
£-05
N
-1 sat 16 dat
15
-1 05 0 05 1 15 2 25 3
x (m)
b) t=0,8s

Hinh 4. Két qué mé phéng sat 16 dét ngém va séng than
duygcc tgo ra ciia mé hinh: a) t=0,4s, b) =0,8s.

Co thé nhan théy, so vOi gia tde sat 16 dét trong
khong khi, gia téc sat 16 dit ngdm dudi nuée chi bang
mot nira, cho nén khdi dat sat kha cham. Piéu nay
dugc thé hién sau khoang thoi gian 0,8s ma khoi dét
¢6 kich thude 0,65m x 0,65m chua sat dén chan mai
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dbc (Hinh 4.b). Mot nguyén nhan nita lam cho khéi dat
sat xuéng v6i toc d6 cham 1a do thanh phén Iwc can
(thanh phan ngudn thir 2 va thir 3 trong cong thirc (4))
chiu anh hudng ciia hé s6 ma sat trong cua khoi dat
ngap nudc va hé s6 nham Manning ctia bé mat mai doc.
Céc hé s6 nay kho xac dinh theo thuc nghiém trong diéu
kién khdi dt cat 1am viéc thuc t€ dudi nude nén duoe
liy theo gi tri kinh nghiém lan luot 1a hé s6 ma sat
trong 4 = I va h¢ sb nham Manning n=0,56m™""s.

Hinh 5 thé hién két qua kiém chuén tryc tiép tung
d6 mit song ctia md hinh s véi sb lidu thi nghiém tai
chc thoi diém r=0,4s (Hinh 5.a) va r=0,8s (Hinh 5.b).
C6 thé thdy mot cach tong quat, két qua mo phong ctia
mo hinh sb phi hop vai két qua cta thi nghiém tai ca
hai thoi diém néu trén. Tai thoi diém 1=0,4s thi két
qué mo hinh s6 thé hién duoc mot chan - mot dinh
song hinh thanh. Va tai thoi diém r=0,8s thi két qua
mo hinh sb ciing thé hién dwoc hai chan - hai dinh
song lan truyén nhu sb lidu thi nghiém, tuy rang pha
lan truyén c6 nhanh hon mot chiit. Didu nay hoan toan
¢6 thé dugc giai thich do mo hinh sé gia sir vat liéu
dat cat 1a ddng nhét nén ning luong sat 10 dat ciia mo
hinh truyén cho niang lugng song 14 16n hon trong thi
nghiém thyc té.

= 03 T
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D
5 041
=
w 0 °5T 5
E
%'_0'1
2.0.2
2
-0.3 =
-1 05 0 05 1 1.5 2 25 3
X (m)
a) t=0,4s
= 0.3
€ —mo hinh hién tai
g 02 > 56 ligu thi nghiém
D
5 0.1
=
@ 0 9 =
E 0000
;8'-0.1
2-0.2
2
-0.3
-1 05 O 0.5 1 1.5 2 2.5 3
X (m)
b) t=0,8s

Hinh 5. So sanh tung dp mdt séng véi sé ligu thi
nghiém kiém chuén mé hinh: a) =0,4s; b) t=0,8s

4. Két luan

Trong bai bio nay, mé hinh tich hop sat 16 dat tao
song than duogc thiét 1ap bang cach két hop giita mo
hinh sat 1¢ ¢4t va mé hinh song. Trong d6, mo hinh sat
1¢ dat st dung hé phuong trinh phi tuyén nudc nong,
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phuong phap Runge-Kutta va phuong phap hon hop
thé tich hiru han - sai phan hitu han twrong ing duoc
ding dé giai tich phan theo thoi gian va khong gian.
MSd hinh séng st dung hé phuong trinh Boussinesq
mé rong c6 xét dén diéu kién bién day bién ddi theo
thoi gian va khong gian. Vi md hinh soéng, phuong
phap sai phan hitu han bac cao duoc ding dé giai tich
phan theo ca thoi gian va khong gian. Két qua ctia mo
hinh tich hop duoc kiém chuan véi s6 liéu thi nghiém
vét 1y cho thay sy phi hop nhat dinh. Nhitng nghién
ctru tiép theo, mo hinh tich hop c¢6 thé ké dén anh
hudng nguoc lai ciia song than tGi mé hinh sat 16 dat
ngim dé c6 thé tang d¢ chinh xac khi mo phong bai
toan sat 16 dat ngdm tao s6ng than trong thuc té.
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