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XAC PINH CO CAU CHAN TIEU DONG DAT
TUBANG GHI DPONG DAT CUA MOT TRAM BA
THANH PHAN

I. LY THUYET VA THUAT TOAN

Theo P. Aki va P.G. Richards [1], dich chuyén
& vi trf x bat ky tai thoi diém t c6 thé tinh dugc theo
cong thic :

Un(xt) = [[Gux.t,rt) i (r,t)dV(r)dt (1)

G, - nhiing thanh phan cia ham Green phan dnh
hiéu tng lan truyén, V - thé tich viing ngudn, f,(#0)
- luc khdi tic dong 1én ving ngudn. Gia thiét ham
Green it bién déi trong thé tich ving nguén trong
khoang tin s6 trung binh, c6 thé phan tich ham
Green thanh chudi Taylor trong lan can diém tham
chiéu thudng d6 1a trong tamr =& :

Gr‘lk(xlt;r’tl) :Z:]O”Izoﬁ(rjl_é:jl)"' (2)

(rjm - §jm)Gnk,jl...jm (X’ t ‘é:v t‘)

Moment ctia cac luc khoi tuong duong duge xac
dinh nhu moment tensor luc :

Mygp jm (& 1) = [ (rjg = &j0)--
(Fim = Em) i (1, 1)AV

Theo M.L. Jost va R.B. Herrmann, 1989 [7]
néu moment cua cac lyc khoi tuong duong bao
toan tuyén tinh, s6 hang M, khong ton tai trong (3)
va chi ton tai s6 hang v6i m = 1, khi d6 (1) tré
thanh :

Up(X 1) = Gy (X, EE 1) * M (£,1) )

3)

0 day ddu * biéu dién tich chap theo thdi gian. Gia
sr tit ca cdc thanh phan moment tensor dia chin
trong (4) c¢6 cing mot ham nguén phu thuoc thoi
gian s(t)' (nguén dong bo), cong thiic (4) dugc biéu
dién dudi dang :
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TRAN THI MY THANH, NGUYEN LE MINH

U, (X,1) = My[Gpy j *s(t)] )

O day M, - cdc hing s6 va ching biéu dién lai cdc
thanh phan cta moment tonsor dia chan bac 2.
Piém quan trong clia cong thic (5) 1a do dich
chuyén U, c6 thé biéu dién nhir ham tuyén tinh ctia
cdc thanh phan moment va ham Green. C6 thé biéu
dién (5) dudi dang ma tran :

U = Gm (6)

0 day vector U bao ham n gid tri cha bang ghi dao
dong nén tai cdc thoi diém, cdc tram, azimuth va
cac thanh phan khéc nhau. G - ma tran n x 6 bao
gébm ham Green va mo hinh Qua D4t - vi du nhu
ham Green nira khong gian ctia L.R. Johnson 1974
[6]. Thong thudng s6 lieu quan sit dugc dua vé
dang vector. Ham Green quy vé 6 thanh phin G,,,
G,,. G,,, G, G,,, G,,. Mbi thanh phén c6 n diém
tuong tng vé6i cdc phén tr ctia dich chuyén. C6 thé
dé dang nhan thay day 1a mot dang clia bai todn
nguoc téng quat v6i d 12 mot vector n chiéu, G 1a
ma tran ham Green kich thuéc n x 6 va m 1a vector
gdém 6 thanh phin momen tensor. Pé gidi hé
phuong trinh (6) theo phuong phap binh phuong t6i
thiéu ta giai hé phuong trinh thong thudng sau :

[GWGIm = G'Wu 7

Céc tham s6 clia mo hinh cin udc lugng c6 thé
biéu dién lai nhu sau :

m = [GWG' GWu 8)

trong d6 G" - ma tran nghich d4o ctia ma tran G va
W, - céc sai s0.

Theo phuong phdp Jost va Herrmann [6] chi su
dung dinh bién do cua séng SH trong bai todn
nguoc, can it nhat 5 tram quan sét riéng biét xung
quanh nguén dong dat dé xdc dinh momen tensor.
Nam 1994, bing phuong phép s6, B.S. Huang [5]



da ding cong thitc (5) dé tinh va chi cin véi s6 liéu
cta 1 tram ghi 3 thanh phan cing day du thong tin
v€ bién do, thoi gian truyén, huéng phan cuc. SO
tram quan st can thiét dugc giam xudng, thuc t&
xédc dinh moment tensor chi cin st dung bang séng

0
1/2(t/7)2
s(t) = 202 + 2t - 1 véi
1/2(t/7)2 - 4(t/7) - 8
0

11. SO LIEU DPONG DAT DIEN BIEN VA
CAC DUCHAN

Tit nam 2000, Vién Vat 1y Dia cau da thiét lap
mot mang Iudi tram quan sat dao dong dong dat
manh SSA-1, SSA-2, day la cdc mdy ghi gia toc
dao dong nén ctia My. Cdc tram ndy dat trén nén
da sét két, bot két tai Dién Bién, Tudn Gido, Lai
Chau, Son La, Hoa Binh va Sapa, chu yé&u tip trung
trong ving Tay Béc. Pén ddu nam 2001, vao ldc 22
gio 51 phit ngay 19-02, mot tran dong dat co
magnitud M, = 5,3 do Richter dd x4y ra trén dit
gdy Lai Chau - Dién Bién (dit giy kiéu truot
béng), cach thi xa Dién Bién 20 km vé phia tay
nam. Cuong do chin dong & viing chén tdm dong

3 thanh phan cta 1 tram. B.S. Huang [5] cling st
dung ham Green ntra khong gian cta L. R. Johnson
[6] trong chuong trinh. Pé tinh todn bing dia chin
1y thuyét, 6ng st dung ham nguén phu thudc vao
thoi gian c6 dang :

t<0

0<t<t

<t<37 )

3t<t<4r

t>4r

dat Dién Bién kéo dai chimg 15-20 km theo hudng
bac dong bic - nam tdy nam, cé thé dat téi cap
VII-VIII (theo thang MSK 64), gay ra trugt 15 da
trong nii, nha san rung chuyén manh, nha xay bi
hu hai ning. Sau kich dong chinh di x4y ra rat
nhiéu du chén, trong d6, nhiéu tran manh tir 4,1
dén 4,8 do Richter gay chan dong cdp V, cap VI &
thi x4 Dién Bién, nhu cdc du chan 4,2 va 4,8 do
Richter ngay trong dém 19-02-2001. Véi muc dich
ap dung chuong trinh xdc dinh co cdu chan tiéu
dong dat bang nghich ddo dang séng gin nguén
cho thyc tién quan st dong dat & Viet Nam, ching
toi da lya chon nam tran dong dat c6 magnitud 16n
hon 4,0 dé xtt 1y. Danh sdch nam tran dong dat liét
ké trong bdng 1.

Bdng 1. Kich déng chinh va b&n du chdn c6 M > 4,0 cla tran dong dat Dién Bién

Tén dong dit Ngay thang nam Gio phit giay (GMT) V§ do Kinh do M Khoang cach (km)
bién Bién 19 02 2001 15h51'34" 21.34  102.85 53 19
Du chén 19 02 2001 16h40'17" 2142 1029 4,2 13
Du chéan 19 02 2001 19h02'49" 214 102.88 4.8 14
Du chén 24 02 2001 22h14'31" 21.36  102.92 4.2 10
Du chén 04 03 2001 20h18'49" 21.39  102.86 4,7 17

M1 KET QUA TINH TOAN

Nhu trén da trinh bay, ching toi dung chuong
trinh ctia B.S. Huang [5] dé xdc dinh co cau chan
tieu dong dat bang nghich dao dang séng gan ngudn
"Moment Tensor Inversion" ; viét bang ngon ngit
Fortran va chay trén hé diéu hanh Linux, trén co s&
tim sy triing khit cha bién do séng chu ky ngan SH
ly thuyét véi ba thanh phan séng quan tric. Ban
chat cta chuong trinh 1a tim ki€m céc thong s6 cta
co cdu chan tiéu cho dang séng tinh toan (bang dia
chan quan sét) tir dong dat gan (c6 khoang céch tir
chan tam dén tram A < 80 km). Trong giéi han
nay, doi véi séng khéi, mo hinh lan truyén séng
xem nhu moi trudng ntra khong gian dan hoi. Bang
dia chan tinh todn dugc tinh dua trén viéc nhan

chap cdc ham Green va ham nguén. Moment tensor
x4c dinh bang k§ thuat nghich dao téng quit. Dang
séng ddy du ba thanh phan cua mot tram dong dat
bao gom ca bién do, thoi gian truyén séng va huéng
phan cuc s& dugc st dung nhu s6 liéu ddu vao cua
bai todn. Chuong trinh gédm hai phan chinh, phan
d4u dung dé xé4c dinh ham Green theo moé hinh nira
khong gian v6i moi trudng déng nhat, phan thd hai
dung ham Green tinh dugc trong phan dau két hop
v6i bang song ghi dugc, tir d6 xac dinh co cdu chan
tiéu va nang lugng cua tran dong dat. K&t qua so
sanh dang séng tinh todn (bang dia chén tinh toan)
phit hop nhét véi dang séng quan sét (bang dia chan
quan sét) cta cdc tran dong dat trinh bay & hinh 1.
Mo hinh co cdu chén tiéu cac tran dong dit nay
trinh bay & bdng 2.

31



v v v v v
obs. obs. obs. obs. obs.
/\/\_,~___ 66.20 79.84 £5.83 ,\/\/\d\,\ 8142 N SN—e—. R0056
: =yn, By, aym, gy,
W 77.38 \/\/\,\/\/\_ 43.86 J\/\/\/\/ﬂ 54.90 \/\[\/\,_ 78.50 '\/\/\/‘\/\’— 458.06
B R B R
j \/\/\/\/ 100:00 \/\f\/\’\’ £e.En \/\/\/\NV wage A NN T \/\/W 100.00
M\M 100.00 \/\/\/W 100,00 J\/\ﬂ/\/\ 166,00 \/\“/\/\"_ 5 06 J\/\'\/\A 100,00
T T LT T
W 39.56 / \/’\N\/\ 100.00 M/\ 42.98 \/\vi 100,00 A AL RE.98
.,\_/\/\_/\/\ I VAVAVAV SR T __,-\/\/\_,_._ 34.69 W 160.00 ~—m N~ 1152
Lodadole b bolalodadelslsd [ T ' O R T 1 [ I T T T P R |
D 2 4 8 B 10 12 0 2 ¢ 68 & 10 12 0 2 4 6 6 10 12 0 2 4 6 8 10 12 0 2 4 6 6 10 12
TIME (sec) TIME (sec) TIME (sec) TIME (sec) TIME (see)
Dong dat chinh Du chin ngay Du chin ngay Du chin ngay Du chin ngay

19-2-2001,M =53 19-2-2001, M =42

19-2-2001, M =4,8

24-2-2001, M =42 4-3-2001, M = 4-7

Hinh 1. So sénh bang ghi dong dét 3 thanh phan va bang tinh todn ; mo hinh co cdu chan tiéu cua céc tran dong dat

MINH GIAI VA KET LUAN

Cac dong dat thir nghiém x4y ra trén d6i dit gdy Dién Bién - Lai Chau
nam & khu vuc Tay Bac Viét Nam (hinh 2). Déi dit gdy nay 1a mot phan
clia dit gdy 16n dai 1.200 km va rong 40-50 km kéo dai tir 1anh thé Trung
Qudc t6i tan vinh Thai Lan cét qua Lao va Viét Nam. Trong lanh thé Viét
Nam, dit gy phan bo trong pham vi tinh Lai Chau, tir ban Chiéng Mai
bién giGi Viét Trung dén bién gidi Viéet Lao vé6i chiéu dai 160 km, rong
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6-10 km. Day 1a mot d6i bao gobm mot dat gdy chinh va nhiéu dit gy phu
phan bd & hai bén. C6 rit nhiéu phuong phdp da dugc trién khai 4p dung dé
nghién ciu d6i dut gy nay nhu cdc phuong phéap kién tao dong luc,
phuong phap 3 hé khe nut cong ting, phuong phap dia vat ly, phuong phap
dia hod - dia nhiét... Cdc két qua nghién ciu tit nhitng phuong phép nay da
chi ra d6i dut gy Lai Chau - Dién Bién tir Pliocen tr& lai day hoat dong
nhu mot dit gdy trugt bang trdi, v6i phuwong chi yéu 1a 4 kinh tuyén va bac
dong béc - nam tay nam [10].



45 > W |

Do cic phuong
phdp xédc dinh co céu
chén tiéu dong dat, ké
ca phuong phép nghich
dao dang séng gin
nguén déu khong chi
r0 duogc mat dut doan
chinh trong co ciu chan
tiéu. Viéc lua chon mat

Dién Bién

dit gly trong hai mat
nodal can dugc dua
vao khung canh hoat
dong kién tao cua khu
vuc. Nhu vay, tir hinh
v€ co cdu chén tiéu clia
nam tran & trén, két
hop v6i khung céanh
kién tao ta ¢ thé thay

N

mat nodal thit nhat
trong co cau chan tiéu
da tinh toan phan anh
mat dut doan trong
dong dat (bdng 2).

Tir bang 2, két hgp
v6i khung canh hoat
dong kién tao ctia khu
vue, tacé thé nhan thay
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Hinh 2. Vitri 5 tran dong dat duing trong nghién ctu

"ede tran dong dat tha
3, 4 v6i viéc lua chon

Bdng 2. M6 hinh co cau chan tiéu clia cac tran dong dat thir nghiém

Mat nodal 1 Mat nodal 2
Dong dat Phuong Géc Vector  Phuong Goc Vector
dut gy nghiéng  dich trugt dit gdy nghiéng dich trugt
Dong dat chinh 19-2-2001, M=5,3  215.08 36.49 110.02 10.70 56.03 75.79
Du chan ngay 19-2-2001, M=4,2  216.58 39.58 74.52 56.35 52.12 102.44
Du chan ngay 19-2-2001 M=4,8 186.87 43.52 65.95 38.48 51.04 116.16
Du chan ngay 24-2-2001 ,M =42 189.72 35.12 24.14 79.59 76.39 122.69
Du chan ngay 4-3-2001, M =47 183.61 41.12 -71.96  340.24 51.3 -105.12

mat nodal 1 1am mat chinh phan anh tuong doi chinh
xdc dit gdy Dién Bién - Lai Chau, cdc tran thit 2 va
thit 5 ¢6 nodal 1 phan dnh ding phuong va loai cia
dut giy tuy nhién khong dugc rd rang.

Phuong phép giai bai todn ngugc xac dinh co cau
chan tiéu dong dat tir mot tram ghi 3 thanh phan da
gidi quyét phan rat khé khan trong tim hiéu cdc tham
s6 dong luc dong dat khi thi€u s6 liéu quan trac, dac

biét nhu & Viét Nam. Phuong phép cho céc két qua
tot v6i nhitng dong dat c6 so liéu quan sat dat chit
lugng cao va ¢ gan tram ghi. Bén canh d6 céc thong
s0 ban dau cua dong dat nhu vi tri, do sau, thoi gian
t6i cta séng P, mo hinh 14t cit van t6c 1a nhitng
tham s6 anh hudng nhiéu téi két qua cudi cing.
Trong nghién ctu nay ching toi da st dung 2 lat
cit van toc phl hop véi diéu kién dia 1y Viét Nam,
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mot 1a clia mién tay bac Pai Loan va mot cta Viét
Nam dé tinh thir nghiém. Viéc xdc dinh co cdu chan
tiéu cho cdc tran dong dat Dién Bién & trén cho thiy
viéc str dung phuong phap nghich ddo Tensor moment
dia chin dé xdc dinh céc thong s6 nguén dong dat
12 hoan toan c6 thé dugc, tuy nhién cin cé thém
nghién cifu, hoan thién chuong trinh dé cho két qua
tot hon.

Dé tai dugc ho tro vé kinh phi clia chuong trinh
NCCB mi s6 711206.
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SUMMARY

Estimation the focal mechanism based on near
source strong motion recored by 3 components
single sation

Traditionally, earthquake mechanism is determi-
ned by the first motion of P wave. When the earthqua-
ke motion is recorded by many stations close to the
earthquake sources then we can easily estimate
the compression (up) and the dilatation (down)
based on P wave first motion. However, in reality
this is very difficult to achieve in Vietnam as we do
not have enough seismic stations.

In 1970, 1973 for the first time Gilbert used the
moment tensor to calculate the ground motion by
solving the inversion equation. He demonstrated
the displacement as the sum of moment tensor
elements multiplied by the corresponding Green’s
function. The concept of seismic moment tensors
inversion was further extended by Backus and
Mulcahy (1976) [2] as they noted that the moment
tensors forces in the first order approximation
completely describe the equivalent forces of
seismic point source. The equivalent forces can be
correlated to physical source models such as shear
dislocation and explosion.

B.S. Huang, 1994 [5] has developed a program
to obtain the source mechanism from near source
strong motion recorded by 3 component single
station.

In this report we applied the method of moment
tensors inversion [5] to estimate the source mecha-
nism of the DienBien earthquake (19-2-2001) and
some its after-shocks. The earthquake and its after-
shocks were only recorded at one station with 3
north-south, east-west and vertical components [9].
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Vién Vdt Iy Dia cdu
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