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Tém tit

Séng than do sat 16 ddt ngam ngay cang xdy ra
phé bién hon & thém luc dia ciia cdc quéc gia cé
bién hodc cdc hon ddo ¢ nhitng noi ¢é bién dong
dia chdn. Bai bdo ndy diing mé hinh sé tich hop
sat 1¢ dat ngdm tao song than mét chiéu dé mé
phong cho mién tinh todn thuc té. Két qua mé
phong s6 cho thdy séng than hinh thanh va lan
truyén vé ving nudc sdu va ving nwdc nong voi
hinh dang va chiéu cao séng khdac nhau. Thanh
phdn lyc can do ma sat trong ciia dat va lyc cdan
do ma sdt bé mdt sat trot dwoc phan tich dé thd'y
r0 anh hwong cua chung toi ddc tinh cua song
hinh thanh.

Tw kh()g: MQ hinh s6, mé hinh ‘tz'ch hop mot chiéu:
sat o dat ngam, song than, mién tinh toan thuc te.
Abstract

Tsunami due to the submarine landslide occur
more usual in the coastal areas and islands in the
the one-

seismic zones. This paper uses

dimensional integrated numerical model of
submarine landslide - induced tsunami to simulate
the real domain. The numerical results show that
the tsunami waves are generated and propagated
to the shallow water area and the deep water area
with the different wave forms and heights. The
internal friction component and the surface
friction component of the soil source are
investigated to understand their effects on the
properties of waves generated.

Keywords: Numerical model, one-dimensional
integrated model, submarine landslide, tsunami,
real domain.

1. Gioi thi€éu

Sat 16 d4t ngdm tao song than ngay cang phd bién
hon do cac hoat dong dia chin nhu dong dét [1] hay
nui lira phun trao [2]. Gan déy, tir ngay 14 thang 1 nam
2022, nti lira Hunga Tonga-Hunga Ha'apai & quc dao

Tonga nam giita Thai Binh Duong phun trao da gay ra
song than tai chinh qubc gia nay, cac nudc gan nhu
Fiji, New Zealand [3] va tham chi 1a dat nuéc cach xa
10.000km & bén kia Thai Binh Duong nhu Chile [4].
Céc nui lira [2, 3] phun trao lam cho dat ngam dudi
day bién sat 16 dan t6i hinh thanh nhiing con song than
¢6 chiéu cao va nang lugng 16n gy ra tham hoa khing
khiép & nhitng ving gan hogc rit xa noi nti lira phun
trao.

Hinh 1. Séng than do niii lita phun tréo tai quéc dio
Tonga [5]

Trong nghién ctru nay, mé hinh s tich hop sat 16
dét ngﬁm tao song than mot chiéu da dugce thiét lap va
kiém chuan trong nghién ctru [6] dugc ung dung dé
mo phong cho mién tinh toan thyc té. Cac thanh phan
ngudn do ma sat trong ciia dat va ma sat bé mat sat
truot dugce phan tich nhu nguyén nhan hinh thanh va
phat trién ciia song than.

2. Mb hinh s tich hop mé phéng sat 16 dat
ngam tao séng than

Theo nghién ciru [6], mé hinh sé tich hop dugc
thiét 1ap tir md hinh sé mé phong sat 16 dat ngam va
mo hinh s6 mo phong song than véi mbi lién hé giira
bé mat dat sat truot va chiéu sau nudc.

2.1. H¢ phwong trinh mé phong sat 16 dit ngam

Hé phuong trinh chu dao mo6 phong sat 16 dat
ngam dugc str dung 1a dang hé phuong trinh phi tuyén
nude néng mot chiéu [7], [8]:
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Trong d6, hai 4n sb s va u twong tng 13 chiéu cao
bé mat sat 16 dat ngém va luu tbe trung binh theo
phuong dimg ctia dat bi sat 16 theo phuong ngang Ox,
b 14 chiéu cao day khong x6i, g 14 gia tdc trong truong.
Hai thanh phan ngudn S, va S; tuong ung la do
dbc day khong x6i va o dbc cia cac thanh phan luc
can do ma sat. S, (=-0ob/ox=tan@) duoc xac
dinh theo goc déc @ cua day khong x6i, S; dugc
xac dinh tir goc ma sat trong ¢ (tang =y 1a hé sd
ma sat trong) va hé sé nhdm Manning n (ma sat bé
mat sat trugt) nhu sau:

(2)

n“u|ul
(S _ b)4/3

Dé mé phong sat 16 dt ngam, hé phwong trinh vi
phan chu dao (1) va (2) dugc gidi theo khong gian va
thoi gian. Vi phan theo thoi gian sir dung phuong phap
tuong minh Runge-Kutta 3 budc bac 3 [9]. Vi phan
theo khong gian st dung phuong phap hdn hop thé
tich hitu han - sai phén hitu han [10].

S; =5, +S,, =tangcos +

(3)

2.2. H¢ phwong trinh mé phéng séng thin

Hé phuong trinh chu dao mé phong song than
duogc str dung 1a hé phuong trinh Boussinesq mo rong
mot chidu véi diéu kién bién day thay doi theo thoi
gian [8], [11]:
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Trong d6, hai ansé ¢ va U tuong tng la tung
d6 mit nudc va luu toc dong chay trung binh theo
chiéu sau theo phuong Ox. ¥ (=1/15) 1a hé s6 diéu
chinh gitp mé hinh ¢6 thé tinh toan mé rong ra ving

nude sau hon. h(X,t) 1a do sau nudc thay ddi theo
khong gian va thoi gian. Cac dai lugng da chu thich
dugc thé hién ¢ Hinh 2. Hai thanh phan cudi cua
phuong trinh (4) va (5) dugc coi nhu thanh phan
ngudn sat 16 dat ngdm gy ra song va c6 lién hé véi
cao do bé mat sat 16 dat ngam trong hé phuong trinh
(1), (2) nhu sau:

ah as (6
6x 8x
h_ & (7
ot ot

H¢ phuong trinh vi phan chu dao (4) va (5) duoc
giai theo thoi gian va khong gian bang phwong phap
sai phan hiru han béc cao dé dam bao 6n dinh cua mod
hinh Boussinesq [8], [12], [13].

Mb hinh sé tich hop 1a két hop cta hé bén phuong
trinh (1), (2), (4), (5) v6éibon ansé s, u, va £, O
(Hinh 2). M6 hinh dugc kiém chuén véi s liéu thi
nghiém mé hinh vat Iy mé phong khéi cat sat 16 dudi
mit nudc va tao song trong nghién ctru [14]. Chi tiét
két qua kiém chudn duogc thé hién trong nghién ctru
[6] cua tac gia.

3. Ung dung md phéng bai toan sat 16 dat
ngam tao séng thin mot chiéu trong thuye té

. =
song than =

S

0

Hinh 2. Mién tinh toan dp dung cho mé hinh sat 16 dit

ngdm tao song thin

Trong thuc té, sat 1o dét ng?lm thuong xay ra &
nhitng mai doc co do ddc 16m, khdi dét sat hudng vé
phia ving nuéc sau. Mién tinh toan va cac tham sé
duogc thé hién ¢ Hinh 2.

Trong do, hy = 50m la d¢ sau nudc & vung nudc
noéng va h; = 300m la d¢ sdu nudc & vung nudc sau.
Hinh dang cac khéi dat ngdm trong thuc t& 1a khéc
nhau, trong nghién cttu nay tac gia dua theo hinh dang
khéi dét da thyc hién trong thi nghiém vat Iy [14] da
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Hinh 3. Tung dp bé mt sat ¢ dit v séng thin

duoc kiém chuan trong nghién ctru [6] dé dam bao do tin
cdy ctia md hinh sb. Khdi dat ngam c6 goc trén ¢y = 20°,
goc dudi gr= 70° va chiéu dai hai canh goc vudng theo
phuong ngang va phuong ding tuong tng la 210m va
76,4m. Khéi dat ngam hinh tam giac vudng sat xudng
méi déc nghiéng 6= 20°. Goc ma sat trong cuia dat 1a
#= 24° va hé s6 nham Manning n= 0,12 m'3s tiép
tuc duogc su dung tu két qua kiém chuidn mé hinh
trong nghién ctru [6].

Két qua md phong sat 1o dat ngam tao song than
duoc thé hién trén Hinh 3 (a, b, ¢, d) tuong Ung tai cac
thoi diém = 1s, 10s, 20s, 40s. Trong mdi hinh, song
than duoc thé hién phia bén trén va sat 16 dét ngﬁm
dugc thé hién phia bén dudi. Pudng nét lién thé hién
bé mat song va bé mat sat 1 dat, duong nét dat va
dudng nét cham - gach tuong mg thé hién day khong
x6i va bé mat khdi dat ngdm ban dau (= 0s). Dé thé
hién dugc rd mién song than va mién sat 1o dat ngﬁm
trong cung mdt hinh vé&, riéng bién dg song trong bai
bdo nay da dwoc ting 1én 3 1an so véi két qua mod
phong thuc té.

Ngay khi bé mat khoi dat ngam sat xudng (&= 1s),
mit nude dao dong rat nhanh va hinh thanh con séng
¢6 bién d khoang 15m (Hinh 3(a)). Sau d6, khi khéi
dat ngdm sat xudng mot nira mai dc tai thoi diém
t= 10s (Hinh 3(b)), con soéng chia tach thanh hai
thanh phan. Thanh phan song thir nhét lan truyén vé
phia bén phai (nudc sdu) voi hai bung song, thanh

phan song thtr hai lan truyén vé phia bén trai (nudc
néng) véi mot bung song. Soéng lan truyén & ving
nudc sau c¢6 bién d6 16n hon séng lan truyén & ving
nude noéng. D6 1a vi khdi dat ngdm sat 16 trén mai
dbc huéng vé ving nude sau, do d6 nang luong cia
khéi dat ngdm sat xudng dugc truyén nguyén ven
cho thanh phan song lan truyén & ving nudc siu
nay. Nguoc lai, thanh phan séng lan truyén ¢ ving
nudc ndng c6 bién do song nho hon va sé bung séng
tang 1én nhu thé hién trén Hinh 3(c) va Hinh 3(d).

4. Phan tich @ nhay thanh phén lyc cin ma
sat ciia sat 16’ dat ngam téi dac diem song than

Hai thanh phﬁn lyc can do ma sat dugc dac trung
b6i gbc ma sat trong ¢ va hé sé nham Manning n. Hai
gi4 tri nay duoc 13y theo thi nghiém kiém chuin véi
56 liéu tir mo hinh vat ly sat 1¢ cat ngam tao séng trong
nghién ctru [6]. Trong thyc té, tiy theo tinh chat ctia
loai dét sat 16 va bé mat day khong xo6i ctia dia hinh
day bién, cac gia tri nay c6 thé thay d6i. Trong nghién
ctru nay, khi khdo sat @ nhay ctia cac thanh phén luc
can ma sat ndy, cac gia tri géc ma sat trong va hé sd
nham dugc gia sir giam di dén murc c6 thé d& dang
quan sat dugc sy tang cua tung d0 mat séong (do bién
d6 song & muc 3 dd duogc ting 3 1an dé d& quan sat
trong cung mién voi sat 16 dat ng?lm). Tur do, hai kich
ban phan tich dugc dua ra nhu Bang 1.
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Bing 1. Cic kich bén phén tich dj nhay thanh phén

liec cin ma sdt ciia sat 1 dit toi song thin

Kich ban (©) n (m™3s)
THI1 24
KB1 0,12
TH2 12
TH1 0,12
KB2 24
TH3 0,06

Kich ban 1 giit nguyén gia tri hé s6 nham Manning
n= 0,12m™s, khao sat gia tri cua géc ma sat trong
¢=24° (TH1) va gia tri cua goc ma sat trong giam di
2 1an ¢= 12° (TH2). Tuong tu, kich ban 2 giir nguyén
gia tri goc ma sat trong ¢ = 24°, khao sat gia tri hé sb
nhdim Manmning #n= 0,12m'3s (TH1) va
n=0,06m'3s (TH3).

50 N
0 song than t=40s

-50

’g-100

~-150 0
o sat | dat ngam

-250
-300
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Hinh 4. Tung dé bé mdt sat I6 dit ngam va séng than
trong hai truwong hop géc ma sdt trong ¢ = 24° (nét
lién) va ¢ =12° (nét dirt) tai thoi diém t = 40s

Hinh 4 thé hién tung do bé mat sat 16 dit ngdm va
tung d6 mat song cho kich ban 1 tai thoi diém 7= 40s.
Puong nét lién thé hién cho két qua TH1 va duong nét
dut thé hién cho két qua TH2. Vé tung do sat 1o dét
ngam, trudng hop goc ma sat trong ctia dat 16n (TH1),
khéi dat van con tiép tuc sat trén mai ddc. Nhung véi
trudng hop gbc ma sat trong nhé kém 2 1an (TH2), dan
dén thanh phan Iyc can do ma sat trong giam di lam
ting van tdc sat, khdi dat sat da gﬁn nhu ndm hoan toan
trén mat phiang ngang ¢ ving nudc sau. Do d6, van tdc
sat 1¢ dat nhanh hon d truyén nang luong 16n hon dén
song, 1am cho chiéu cao séng 16n nhét ting gap 1,6 lan
& ving nude nong va 1,3 1an & ving nude su.

Hinh 5 thé hién tung do bé mit sat 1o dat ngém va
tung d6 mat song cho kich ban 2 ciing tai thoi diém
=40s.

Gi4 tri hé s6 nham ciing dugc gia sir giam di 2 1an
& TH3 (gia st bé mat mai doc sat nhin hon), nhung
¢6 thé thiy tung do bé mit sat 16 dét (nét dut) khong
thay d6i nhiéu so v6i truong hop chua thay ddi hé sb
nham (nét lién). Do d6, nang lugng sat 16 dét truyén
dén ning lugng séng gan nhu nhau, dan t6i két qua
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chidu cao séng trong truong hop hé sb nham nho
(TH3) khong thay ddi nhiéu so voi truong hop hé
s6 nham 16n (THI1). Pidu nay dugc 1y giai do anh
hudng cta thanh phén ma sat bé mit sat truot (Sp)
1a nho so v4i anh hudng clia ma sét trong (Sg1) cta
dat ngam dudi day bién trong tong luc can chuyén
dong cua dat ngam (S) duoc thé hién trong phuong
trinh (3) va (2). Hinh 6 thé hién muc d¢ anh huong
ctia hai thanh phan lyc can nay trong kich ban 2 cho
hai truong hop n= 0,1 m*"3s (TH1) va n=0,06m"'3s
(TH3) tai thoi diém = 40s. Dé c6 thé hién thi cac
gia tri trén cing mot hinh v&, vi gia tri thanh phan
luc can ma sat bé mat nho, cac gia tri Sp-THI1 va
Sp-TH3 da dugc nhan lén 10 lan.

50 .
0 song than t=40s
-50
E-100

N-1s00
0 sat |& dat ngam

-250
-300

-1000 -500 0 500 1000
x (m)

Hinh 5. Tung dj bé mdt sat 16 dit ngdm va séng thin
trong hai truong hop hé sé Manning n = 0,12 m™s (nét
lién) va n = 0,06 m™3s (nét diry) tai thoi diém t = 40s.

=2
E 5600
c 4200
~O
[&]
2800
‘£1400
o
o

S -TH1 S TH1 -THT 5 -TH3 5 TH3 S -TH3

o

cac thanh phan Iu’c can ma sal

Hinh 6. Anh hwéng ciia cdc thanh phin liee cin
ma sdt trong hai treong hop hé s6 Manning n = 0,12
mBs va n = 0,06 m™5s tai thoi diém t = 40s.

Trong truong hop n=0,12m'"3s, gi tri tich luy cta
thanh phan lyc can ma sat trong (Sp-TH1) 16n hon
186 1an so véi gia tri tich luy thanh phan lyc can ma
sat bé mit (Sp-TH1). Pic biét khi gia tri n=0,06m™"?s
(46 nham giam di 2 1an), gia tri tich lu§ ning lugng
thanh phan luc can ma sat trong (Sp-TH3) 16n hon
350 1an so v&i gia tri tich luy thanh phan lyc can ma
sat bé mit (Sp -TH3). Do d6, khi gi4 tri d6 nham bé
mit thay doi thi tung do bé mit sat 16 dat ngam ciing
nhu chiéu cao séng hinh thanh thay ddi khong dang
ké nhu phan tich ¢ Hinh 5.
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5. Két luan

Trong bai bao nay, mo hinh s tich hop sat 16 dat
ngim tao séng than mot chidu tmg dung md phong
mién tinh toan thuc té dugc gidi thi¢u. M6 hinh nay la
su két hop gitra mo hinh sat 16 dt ngam st dung hé
phuong trinh phi tuyén nuéc ndng va mé hinh séng sir
dung hé phuong trinh Boussinesq mé rong. M6 hinh
sat 16 dat ngam xét t6i lyc can ma sat trong ctia dat
ngim va lyc can ma st bé mit trugt dat ngam trong
phuong trinh dong luong. Két qua mé phong cho mién
tinh toan thuc té thé hién tung do bé mit sat 16 dat
ngam va tung dd bé mit séng than hinh thanh va lan
truyén theo thoi gian ¢ ving nudc ndng va ving nudc
sau 1a khac nhau. Anh hudng ddng luc hoc cua thanh
phan lyc can ma sat trong cua dat ngdm va lyc can ma
sat bé mat sat truot tGi tung d6 mit séng dugc phan
tich trong bai bao nay. Trong d6, thanh phan lyc can
do ma sat bé mat anh huong khong 16n t6i két qua mo
phong sat 16 d4t ngam ciing nhu chiéu cao séng than.
Mo hinh hai chiéu s& duoc phét trién trong twong lai
dé c6 thé mé phong du bao chinh xac cho cac dia hinh
phirc tap hon trong thyc té.
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