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TOM TAT

Phwong phap song mat da kénh (MASW) la
mot phwong phdp dia vat Iy dwa trén duong cong
phdn tan thu dwoc tiv song Rayleigh dé dodn dinh
dé cimg cdc lop dat da bén dudi. Pé lam duwoc
diéu nay trude hét phdi gidi dwoc bai todn thudn la
di tim dwong cong phan tan Iy thuyét cho mot cdu
triie dia chat bat ky. Phurong phdp dau tién dé gidi
bai todn nay dwoc dé xudt boi Thomson-Haskell

nhwng viedng mdc trong vin de tinh todn. Trong
bai bdo nay tdc gia muon diém qua vé mat Iy
thuyét cdc vin dé cia phwong phdp Thomson-
Haskell, ldp trinh lai va phan tich d¢ bat 6n dinh
ciia phwong phdp nay, Cac vin dé chiea diege phin
tich ky trong nhitng bai bdo vé Thomson-Haskell.
Tir d6 tién hanh gidi bai todn nguoc, bai todn thuc
1é can thiét dé khdo sat dat nong.
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MO PAU

Muc dich cudi cing ciia phuong phap MASW
la dé tim ra ciu trac dat da bén dudi. Pay la mot
bai toan ngugc va dé giai bai toan nay thi can ding
mot phuong phéap thuan thich hop trude. Phuong
phép thuan thuong duoc biét 1a giai bai toan truyén
song st dung phuong phap vi phan hira han hay
phan tir hiru han. Tuy nhién, nhitng phuong phap
trén la nhitng phuong phéap can rat nhiéu thoi gian
dé may tinh giai. Do d6 rat nhiéu tac gia da dua
nhiéu phuong phap khac nhau nhim don gian hoa
bai toan thuan nay. Mot trong nhitng cach do la s
dung duong cong phan tan. Ung dung cta phuong
phap ma tran cho van dé duong cong phan tan cua
s6ng mit cho cau trac dja tang gébm nhiéu 16p song
song di duoc thao luan rong rai va tir rat lau.
Trong bai b4do cua minh nam 1950, Thomson da
dat nén mong ly thuyét cho phét trién sau nay cua
Haskell vao niam 1953 [2], Knopoff nam 1964,
Dunkin nidm 1965 [1], Thrower ndm 1965 va
Watson nam 1970. Nén méng ly thuyét duoc dit
boi Thomson va Haskell kha dep va cho cdi nhin
rd rang vé mit vat 1y nhung bi vudng méic & chd né

gay ra su khong 6n dinh trong tinh toan ¢ nhiing
tan s6 cao. Cac phat trién sau nay cua Knopoff,
Dunkin, Thrower, Watson nham lam cho tinh toan
¢6 d6 6n dinh ¢ nhitng tan s6 cao hon ddng thoi cai
thién vé toc do tinh toan. Trong bai bao nay tac gia
mubn 1ap trinh, phan tich va tong hop lai d6 bat 6n
dinh cua phuong phap co dién Thomson-Haskell
nay, d6 1a dong luc 16n nhat dan t6i viéc hinh
thanh nhirng phuong phap sau nay.

VAT LIEU VA PHUONG PHAP

Co so 1y thuyét vé dwong cong phin tin séng
mit theo Haskell

Séng Rayleigh nhu md ta trong bai bdo cua
ong [7] truyén trén bé mat dat véi nang luong tap
trung & mot do sau ti 1€ thuan vai budce séng cua
nd. Séng cd budc song dai cd kha nang xuyén siu
hon séng c6 budc song ngin. Piéu dé c6 nghia 1a
néu tinh chat cua dat da thay doi theo do sau thi
cac song véi budc séng khac nhau s& truyén voi
van toc khac nhau. Chinh diéu ndy tao ra dudng
cong phén tan cia séng mat.
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S6ng truyén trong chét rin dong nhat tuan theo nhing phuong trinh vi phan sau:
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O day u,v,w 12 gi tri dao dong theo cac phuong X,y va z, € 12 bién dang twong d6i, A, p 1a hé s lamb.
X,y la nhitng truc nam trén mat va z 1a truc vudéng goc hudng xudng dudi, X 1a hudng truyén cua séng. O
day v=0 theo nhur dinh nghia & trong [7] va chi ¢6 hai phuong trinh thuc su chi phéi.
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Par 3 atz
O day thé dugc chon nhu sau:

Viéc nay bat ngudn tir viéc mot trudng vector bat ky cd thé tach thanh truong xody va truong vo huéng
theo dinh 1y Hemholtz. Nhung & day chi c6 hai thanh phan cua thé 1a doc 1ap nén c6 thé chon nhu trén.
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O day
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k, o 1a s6 s6ng va tan s6 cia song Rayleigh.

Van téc séng doc va song ngang la:
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Xem xét truong hop ¢d N-1 16p dong nhéat & trong mot khdng gian vo tan bén dudi. G, pm, Vm, O 12

nhiing théng s6 xac dinh tinh chat cua lop m. O day G, p, v, d l1a module cat, mat do, ti sé Poisson va do
day cua 16p. Gia sir 1a Z=0 ¢ mat dét, va ham thé cua I6p m duoc viét lai nhu sau:

(8)
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O day Z m-1 1a d¢ sau cua lsp m-1.

Ky hiéu cac vector:
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Céc bién nay lién hé voi nhau nhu sau [8]:
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Vén d& bay gid tré thanh tim nhirng tham s6 Ung luc (65, oy) & can dudi cua l6p trén va

Am, Bm, Cm, Dm cho mdi I6p dong nhat va cho  can trén cua lép dudi la bang nhau.
nira khéng gian vo han. Néu tinh duoc nhitng tham
s6 nay thi c6 thé tinh duoc thé va dao dong & céac
I6p. Téng cong c6 tat ca 4N bién cho N-1 lép va
nira khong gian. D& giai ra cac bién nay can giai
mot hé cac diéu kién bién.

Chuyén doi u, w & can dudi 16p trén va can
trén 16p duéi 1a bang nhau.

Nhitng chuyén doi ¢ vo cuc & nira khong gian
1a bang khéng.

N Ung luc & bé mit 1a bang khong.
Nhitng diéu Kién bién d6 1a [6]:
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Tir hai diéu kién dau ta co:
., 5,1,_1 '::zm]' = Gm E:ajr [-Zm— 1:'
O day

Gm = Tm El.er;;]

Tir d6 dan t6i:

SwlZy_1) = Gy1Gy_2-G151(Zy)

On(Zy_1) = Ty Gyo1Gn_2..Gy 81 (Zp)e 1wt ]

_ RS]_ I::zn]lf—nilu:r—i‘l':l

— RSpe—ilwt—k)

On(Zpy_q) = fmfﬁ.\._l

[Pr.Jiéﬁu—l f—.'\.' 4

'I BN el &y —Zy )
Dy e\ Zn-1—Zn-1)

)
)

Zy ]]'| i\ﬂ;\,— p U En-1—Zn-1]
)

—s{Zy_1—Zpn-1}

]_

1)

(19)
(20)
(21)
(22)

(23)

Do ¢ nira khong gian vo han bén dudi, nén khéng thé mong doi ¢ séng phan xa 1én nén hai thanh phan

Bn=0, Dy = 0.
e[ %)
ol xaf3] - 8] -
L] = i [ 7]
Pit
Diéu d6 dan toi:
] =~y ] = o

Nhung dao dong & bé mat khong bang khdng, vay cho nén:
By =0
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Flk,w) = |Enik,w) =0 (28)

Nhirng cap nghiém (k,®) théa man phuong trinh sau:
tao nén nhitng dudng duoc goi 13 dudng cong phan tan [2].
Khao sat sy bat 6n dinh ciia phwong phap Thomson-Haskell

Ly thuyét trén duoc tac gia lap trinh lai bang Thi du 1: Mot md hinh don gian gom hai 16p:
Matlab va duoc kiém chiing bang cach so sanh véi  mot 1op c¢6 bé day d=20 m, c6 van téc séng
két qua ly thuyét duoc lay o [8]. Két qua ly thuyét  Vs=200 m/s, I6p con lai 1a nira khéng gian v6 han
& [8] 1a két qua cho mot md hinh don gian dugc  Véi van toc Vg = 300 mis.
mo ta nhu & thi du 1 bén duéi.
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Hinhl. (A) Puong con phan tan mong doi theo [8], (B) Puong cong phén tan tinh theo Thomson-Haskell

Nhan xét: Két qua cho thy kha tét trir phin khong 6n dinh bét dau xay ra tir 60 Hz tro di.
Thi du 2: M6t mo hinh ba I6p don gian: 16p thir nhat c6 d6 day la d=20m, Vs = 200 m/s , I6p tht hai co
d6 day la d=20m, Vs = 300 m/s , 16p nira khong gian vo han ¢c6 Vs =400 m/s

phase velocity [n/s]

Hinh 2. Buong cong phan tan tinh theo cach ctia Thomson Haskell.
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Nhan xét: Khi ¢6 nhiéu Iép hon thi cach tinh
bang phuong phap Thomson-Haskell tré nén kho
6n dinh hon, ¢ truong hop nay thi nd bit dau
khong 6n dinh & tan sé 45 Hz.

Nhidu mé hinh hon da dugc kiém tra, nhiing
md hinh nay bao gébm mé hinh mot 16p, hai 16p,
..., mudi mot 16p. Tan sé ma & d6 bét dau c6 su
khong 6n dinh duoc ghi lai va duoc tong két trong
Hinh 3.
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Hinh 3. Tén s cao nhit van én dinh khi s6 16p ting 1én

Nhan xét: Khi sb 16p tang 1én thi tan sé ¢ d6
giam di. Tan s6 nay giam cham lai khi s6 16p ting
Ién va tiém can khoang 10 Hz. Nhu vay céch tinh
dung phuong phap Thomson-Haskell chi tinh dugc
duong cong phan tan chinh xac & mirc dudi 10 Hz
cho cac mé hinh dat da that thuong trén mudi 16p.

Nguyén nhan chinh dan t6i su bat 6n dinh cua
phuong phap khi giai s6 12 do ban than may tinh
khong c6 kha ning cung cip mot dai sé thuc hoan
hao nhu trong toan hoc. May tinh chi c6 thé phan
biét dugc mudi sau chir s c6 nghia (hai s6 ma
khéc nhau ¢ chir s6 c6 nghia thir 17 s& duoc xem la
nhu nhau trong may tinh). Trong céch tinh toan st
dung phuong phap Thomson-Haskell, cAc ma tran
chtra rat nhiéu thanh phan mi cia co sb ty nhién e.
Khi sb 16p tang 1én thi s6 lugng cac ma tran tham
gia vao tinh toan c6 chira thanh phan mii ting 1én
va dan toi may tinh d& roi vao nham Ian véi muoi
sau chit s6 co nghia. Thanh phan tan s tham gia

vao phan mil cua co sd tu nhién nén tan s cang
cao cang dé bat on dinh ciing 1a diéu di nhién. Do
d6 dic diém dan t6i su bit 6n cua phuong phap
tinh toan nay khi giai s6 don gian 1a vi n6 chira qué
nhiéu thanh phan mil véi co s tu nhién.

KET LUAN

Phuong phap Thomson-Haskell 1a mot trong
nhitng phuong phap dau tién dugc dé ra dé tinh
duong cong phéan tan cho séng mat. Tuy nhién
phuong phap nay khong tét cho viéc tinh toén sé
va chi dat d6 6n dinh trong truong hop thyc té cho
tan s6 dudi 10 Hz. Biéu nay lam cho phuong phap
khong dugc tét cho nhitng tng dung thyc tién. Dé
khic phuc nhuoc diém nay nhiéu nha khoa hoc da
dé xuét chinh sira ly thuyét lai dé c6 nhiing ly
thuyét ma viéc giai s6 c6 thé dat do 6n dinh & tan
s6 cao hon va chay nhanh hon. Da c¢6 nhiéu cach
tiép can khac nhau dé giai quyét vin d& nay nhung
nguoi dau tién chi ra dugc nguyén nhan chinh cua
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vén dé la Dunkin [1]. Mic cho nhitng van dé vé d6
bat 6n dinh thi ly thuyét caa Thomson-Haskell d
dat nén moéng cho bai toan séng mat va la mot
diém khoi dau tét dé hiéu vé séng mit. Trong
tuong lai tac gia s€ khao sat nhiing phuong phap

thuan khac va nhimng wu nhwoc diém cua ching
trude khi chon mot phuong phap thuén thich hop
cho bai toan nguoc st dung séng mat dé khao sat
dia chan néng.
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ABSTRACT

Multi-channel Analysis of Surface Wave is a
geophysical method based on the dispersion curve
obtained from Rayleigh wave to predict the
stiffness of subsurface structure. To do this, one
have to solve the forward modeling first. Thomson-
Haskell method which was introduced by Thomson
and Haskell is among the first methods used for
this purpose. Unfortunately, Thomson-Haskell

method has a problem on the stability when it is
implemented numerically. In this papers, authors
want to code Thomson-Haskell method to examine
the stability property of Thomson-Haskell method
which hasn’t been discussed clearly in other
Thomson-Haskell’s relating papers. This will put
the conerete stone for the next step of solving the
inversion problem of examining near surface soil.
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