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ABSTRACT
Simulated ground motion of the earthquake on Octorber 22nd, 2012, M4.6 at Song Tranh 2 dam area

Records of ground motion by strong earthquakes are important documents used in earthquake-resistant design, particularly for
key construction projects. In reality, there are few records of ground motion caused by maximum earthquakes at major infrastructure
facilities, even at locations where strong earthquakes frequently occur with adequate monitoring facilities such as those in Japan, US
and Taiwan. To overcome the shortage of raw seismic records at these facilities, there are many simulation studies to model strong
earthquake records. This research has been conducted by developed countries to apply to seismic hazard assessment in the important
facilities such as hydropower, thermal or nuclear power plants.

By the end of 2010, Vietnam has obtained 24 records of ground acceleration of 21 earthquakes (mostly recorded at Tuan Giao
and Dien Bien seismic stations). Of these, there are 17 records of earthquakes and the rest are aftershocks of the Dien Bien
earthquake on 19 February 2001 with M = 5.3. Song Tranh 2 Hydropower was built in 2010 with a seismic design of the dam of M
= 5.5. In reality, the collection of strong motion records above is not enough to select a design ground acceleration for the seismic
design of the Song Tranh 2 hydropower plant. In November 2010 Song Tranh 2 hydropower reservoir began water filling. From
then to the end of March 2011, the people of North Tra My felt slight tremors and explosive noises, this phenomenon occurred on an
increasing frequency. According to the Earthquake Observation Room of the Institute of Geophysics, from 03 November 2011 to
March 2014, there were more than 468 earthquakes with magnitude M > 1 occurred near Song Tranh 2 area. Among these, there
were 5 earthquake with magnitude greater than M = 4.0 and one M = 4.7; 19 earthquakes with M > 3; 36 earthquakes with M > 2.5.
Collection of these records has been very valuable for us to simulate an earthquake of M = 4.6 and compared with observed results.
This result confirms that simulation strong ground motion can fully apply in seismic hazard assessment in Vietnam. Song Tranh 2
area we applied the empirical Green’s function method to predict broadband ground motion of earthquake M = 4.6 base on observed
records of earthquake M = 3.5. We can also use the recorder earthquake M = 4.6 to simulation design earthquake M = 5.5.

©2015 Vietnam Academy of Science and Technology

1. Mé dau gia tdc phuc vu cong tac thiét ké khang chan cho
thiy dién Song Tranh 2 dugc chon theo phuong
phap tuong tu vat Iy tir cac nguodn sb liéu bang ghi
dao dong cua dong dit manh trén thé gidi, giai
phap xay dung gian do gia toc 1y thuyét chua dugc
tinh dén. Thang 11 nim 2010 thuy dién Song

Thuy dién Song Tranh 2 dugc xay dung nam
2010 v6i dong dét thiét ké doi voi dap 1a 5.5. Bing
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Tranh 2 bat dau tich nudc, t6i thang 3 nam 2011
nhan dan khu vic Bic Tra My cam nhén thiy rung
dong nhe kém theo tiéng nd, hién tugng nay xay ra
ngay mot nhidu, gy nén mot tdm ly hoang mang
lo 5o cho ca nguoi dan va chinh quyén dia phuong,
dac biét ¢ khu vyc huyén Tra My va huyén Hiép
Ptrc. Chinh quyén va nguoi dan & khu vie nay lic
dau déu nghi 1a do nd min. Chi t6i thang 11/2011,
sau khi ghi nhén dugc hai tran dong dat M =3,4 do
Richter xay ra thi cac hién tuwong rung dong ¢ khu
vuc nay by lau nay méi dugc khing dinh 1a do
dong dat giy ra. Theo “Béo céo két qua Khao sat
dong dat thang 12/2011 khu vuc thiy dién Song
Tranh 2” va “Béo cdo két qua Khao sat dong dat
thang 9/2012 khu vuc thily dién Song Tranh 2” tai
Vién Vit ly Dia cau cua Lé Huy Minh va nnk cho
thiy dong dit véi magnitude xp xi 3,0 xay ra
nhiéu tir cudi nam 2011. Thang 11 nim 2011 tai
khu vyc nay da c6 2 trdn c6 magnitude M=3,4 vao
cac ngay 17 va 27. Tir ngay 24/12/2011 dén ngay
15/4/2012 & khu vuc dap thuy dién Song Tranh 2
da ghi dugc 37 tran dong dat xay ra ¢ gan khu vuc
dap. Trong d9, c6 3 tran vao cac ngay 30/01, 02/03
va 15/04/2012, gia téc cuc dai ghi nhan dugc &
miat dap ng v6i rung dong dong dat cip 7 theo
thang MSK64. Ba tran dong dit nay duoc mang
luéi tram cia Vién Vat Iy Dia cau ghi nhéan véi
magnitude M < 3,2. “Danh muc dong dat khu vuc
Thuy dién Song Tranh 2 va lan can nam 2014” cua
Phong Quan sat Dong dét bao cdo Vién Vat Iy bia
cau cho thay trong vong hon 2 nam thay dién hoat
dong co6 téi 5 trin dong dét c6 magnitude 16n hon
hoéc bﬁng 4,0, trong d6 c6 1 tran M = 4,6 va mot
tran M = 4,7; 19 tran dong dong dét c6 magnitude
16n hon hodc biang 3,0; 36 tran dong dat co
magnitude 16n hon hodc bang 2,5. Tap hop bing
quan tric ctia cac tran dong dat co M > 3,0 14 co s¢
dé chung t6i nghi dén phuong phap md phong
dong dit bang phuong phip ham Green thuc
nghi¢m. Phuong phdp ham Green thuc nghiém
(Irikura, K 1983, 1986) cho phép mo phong bang
gia toc 1y thuyét cua tran dong dat manh tir cac
bang ghi gia tc cua tran dong dat nho hon gan ké.
Tir tap sb liéu 1a cac bang quan tric dong dét
3,0<M<4,0 chung t6i chon ra bang ghi thich hop
dé mo phong lai mot trong 2 tran dong dat
M > 4,0. Bang Iy thuyét thu dwoc s& dung dé so
sanh v6i bang ghi quan sat dugc.
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2. S6 liéu dong déat khu vire Song Tranh 2
2.1. Danh muc dpng dit khu viee Séng Tranh 2

Trude khi tich nude, khu viuc Song Tranh 2 hau
nhu khong co dong dat. Cudi nam 2010, thay dién
Séng Tranh 2 di vao hoat dong, t6i dau nam 2011
¢6 nhiéu rung dong xay ra xung quanh khu vuc hd
thuy dién Song Tranh 2. Theo céc bao cdo khao
sat, diéu tra dong dat (Bao céo két qua Khao sat
dong dat thang 9/2012 khu vuc thiy dién Séng
Tranh 2; Bao cao két qua Khao sat dong dat thang
12/2011 khu vye thiy dién Song Tranh 2 va Béo
c4o két qua Khao sat dong dat thang 12/2011 khu
vuc thuy dién Song Tranh 2 tai Vién Vit ly Dia
cau clia tic gia Lé Huy Minh va nnk) cho thdy mot
s6 tran dong dét 1am cho nha dan hu hai nhe (mrt
tuong, roi ngdi) lam nhiéu nguodi hoang loan,
nhiéu nguoi dang ¢ trong nha s¢ hidi chay ra
khoi nha.

Trong “Danh muc dong dét khu vuc Thuy dién
Song Tranh 2 va lan can” nam 2014 cua Phong
Quan sat Pong dit bao cao Vién Vit Iy Dia cau tir
ngay 3/11/2011 tinh dén thang 3 nam 2014 co
khoang hon 468 tran dong dit véi M > 1 xay ra
gan khu vuc Song Tranh 2 va lan can (hinh 1).
Trong do6 cé 5 tran dong dat M > 4,0; 19 tran dong
dong dat M > 3,0. Céc s liéu trén cho thay sau khi
ho thay dién tich nude di vao hoat dong, hoat dong
dong dat & day da tang ro rét, cac tran dong dat
dugc ghi lai nho hé tram ctia Ban Quan ly Dy an
va mang tram Vat Iy Dia cau.

2.2. Mang tram dong dit khu vue Song Tranh 2

Trude khi xay ra dong dét, khu vuc nay khong
¢6 tram ghi dong dit. S6 liéu cua cac tran dong dat
khi thiy dién chua tich nudc hau hét do tram ghi
dong dét cua vién Vat ly Pia cau dat tai Hué ghi
dugc. Pau thang 12/2011, khi c¢6 nhiéu dong dat
xay ra, Ban Quan ly du &n thuy dién Song Tranh 2
da dit 2 may ghi gia toc trén mat dap. Thang
4/2012 lap dat thém 2 may gia tdc nita. Vi tri cac
tram 1an luot nhu sau: mit dap - tram STOI (do
cao 180m), hanh lang than dap s6 3 - tram STO03
(d6 cao 158m), hanh lang than dap s6 1 - tram
ST04 (46 cao 100m) va vai trdi dap - tram STO02
(d6 cao 178m) (hinh 2). Tram ST02 dugc dat &
ngoai than dép, trén nén d4 gbc. Hé 4 tram nay da
ghi lai dugc nhiéu tran dong dat xay ra ¢ khu vuc
tir thang 11/2011 dén 10/2012, trong d6 ¢6 2 trén
M = 3,4 vao thang 11/2011; 1 trdn M = 3,1 vao
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thang 3/2012; trong thang 9/2012 1a 4 tran c¢6 22/10/2012 xay ra tran c6 M = 4,6; ngay
M =40; 41; 42 va 1 trdn c6 M = 3,8; ngay 15/11/2012 xay ra trdn cO M =4,7.
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Hinh 1. So db chin tAm c4c trén dong dét dung trong nghién ctru
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Hinh 2. So db vi tri 4 tram ghi gia tc trén dap thuy dién
Séng Tranh 2

Cudi nam 2012, Vién Vat Iy Pia cu lap dit 1
tram ghi gia toc trén nén da goc ¢ ngoai than dép.
Tinh t6i nay, Vién Vat Iy Dia cau da c6 thém h¢
thong mang ludi tram ghi dong dat khu vuc Song
Tranh va lan can bang méy ghi van toc (hinh 1).

Bén canh d6 con co mang tram 13 két qua hop
tac khoa hoc gitta Vién Vit ly Dia cau thudc Vién
Han lam Khoa hoc va Cong nghé Vi¢t Nam va
Vién Vit Iy Dia cau thugc Vién Han 1am Khoa hoc
Ba Lan (IGF-PAS). Trong hop tic khoa nay da
xay dung dugc 10 tram ghi dia chan: tram Tra Nu,
tram Tra Mai, tram Phudc Hiép, tram Tién Lanh,
tram Tra Giac, tram Tra Pdc, tram Tién Ngoc,
tram Tra Don, tram Tra Leng, va tram Tra Bui (Jan
Wiszniowski et al., 2015).

2.3. 86 lieu dong dit - Bang ghi gia toc rung
dong nén

Tu “Danh muyc dong dat khu vuc thay dién
Séng Tranh 2 va lan can” nam 2014 cua Phong
Quan sat Dong dat bao cdo Vién Vat Iy Dia cau
cho thiy, tir cubi nam 2011 dén dau thang 3 nim
2014 d3 c6 36 tran dong dat voi magnitude
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M > 2,5 va rat nhiéu dong d4t nho hon xay ra trong
khu vuc nghién ctru. Trong nghién ctru nay, ching
toi tap trung nghién cuu vao cac bang ghi dao dong
clia cac tran dong dat co magnitude M > 3,5.

Bang ghi dong dat xay trong 2011 va dau 2012,
tai khu vuc séng Tranh 2 va cac ving lan can, hau

hét duoc ghi boi hé 4 tram cua Ban quén 1y Dy én.
Thiét bi ghila may gia toc ¢6 3 thanh phan: thang
dung, bic - nam va dong - tay, nhu Vay moi trgn
dong dat, tai mdi tram co 3 bang ghi gia toc khac
nhau Ung v6i 3 thanh phan. ‘Hinh 3 12 mot 50 ‘bang
gia toc ghi dugc cua mot s6 tran dong dat ké trén
tai cc tram dia chan khac nhau.
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Hinh 3. Bing ghi gia tdc tran dong dit M = 4,1 ngay 23/09/2012 tai cac tram khac nhau

3. Phuong phap nghién ciru

3.1. M6 phéng bing gia toc dao dong nén dit -
Phwong phdap ham Green thuc nghiém

Dich chuyén nén dit trong dong dat co thé
dugc mo phdéng bang 3 phuong phap khac nhau,
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do la ly thuyét, ban thyc nghiém va thuc nghiém.
Trong thuc té ciu triic dia chat tir ngudn téi diém
quan sat thuong phirc tap hon rat nhidu so véi mo
hinh 1y thuyét. Cac phuong phap ban thyc nghiém
nhu phuong phap ham Green thuc nghiém, giup
chung ta giai quyét vin dé nay.
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Hartzell (1978) lan dau tién dwa ra phuong
phap mé phong bang dao dong ctia dong dat manh
bing ham Green thyc nghiém. Sau nay phuong
phap nay dwgc Kanamori (1975), Irikura (1983,
1986, 1994), Poiata, N. (2006); Miyake, H (2006),
Sadeghi, H. (2013) va nhiéu nguoi khac wng dung
va phat trién. Phuong phap ham Green thuc
nghiém cua Irikura (1986) cho phép mo6 phong
bang gia toc 1y thuyét cia tran dong dat manh tir
céc bang ghi gia toc cia tran dong dat nho hon gan
ké. V& co ban, phuong phap dugc xdy dung trén
trén co s& twong quan tham s dut gy cua hai tran
dong dat (Kanamori and Anderson, 1975), dong
dAt tuan theo md hinh © (Brune, 1970, 1971), Khi
d6 dao dong nén ciia dong dat duoc biéu dién (AKki,
1967, 1980):

Uun =YY FO*Cut)

R
(N —-n
FO=alt—) o 2[5t ,—(('N‘ ?)T K=y )
hn &
G = JV—+V_J 3)

Trong d6 U(t) 1a bang séng 1y thuyét cua dong
dat manh thu dugc nhd mé phong va u(t) 1a bang
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Tan so

song quan tric cia dong dat nho. N va C 1a cac hé
s6 twong quan giira kich thudc dut gy va do suy
giam Ung suat cta 2 trdn dong dat 16n va nho. F(t)
1a ham loc dung dé diéu chinh su khéc biét cua
ham van toc trugt cua 2 trn dong dét 16n va nho.
Vs va Vr 1a van toc song ngang xung quanh ving
ngudn va tdc do ran nirt cia mat dat gay. T 1a thoi
gian ti cia dong dat I6m.

Irikura va nnk. (1997) da bién doi phuong trinh
(2) dudi dang sau:
(N-n ( —1)T

1n'}] @

F(t)=d(t
n(l_g) k=1 U fl)n‘ ( ‘)

Theo Irikura (1986) co thé xac dinh hai tham
s6 N va C dya trén dwong mic cua phd dich
chuyén va phd gia toc ciia hai tran dong dat 16n va
nho (hinh 4).

Up va Ug; Agva ao la gl(n han trén (duong muc)

ctia pho dich chuyen va pho gia tc cua tran dong
dat 16n va du chan.
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Hinh 4. Phé dich chuyén va phd gia tdc cua dong dét tuan theo quy ludt
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Nhu vy v6i hai biéu thirc (7) va (8) ching ta
c6 the tinh duge bang gia toc cua tran dong
dat manh.

3.2. Lwa chon trgn dong dit dé moé phéng va trin
dong dat nho lam ham Green khu vwc Song
Tranh 2

Ap dung phuwong phap ham Green thyc
nghiém mod phong tran dong dat ngay 22/10/2012,
M = 4,6 khu vuc Song Tranh 2.

Véi tap hop bang gia toc di ghi duoc ¢ khu
vuc Song Tranh 2 chung t6i ap dung phuong phap
ham Green thyc nghiém dé mo phéng lai tran dong
dat ngay 22/10/2012, M = 4,6. Phuong phap ham
Green thuc nghiém da duogc thé nghiém thanh
cong trong viéc mo phong lai nhiéu tran dong dat
manh & cic nudc trén thé gioi, nhu dong dat Kobe
(Nhat Ban), dong dit Duzce (Thdé Nhi Ky,
M,, = 7,1) 1999.

Lua chon tran dong dit manh dé mo phong va
tran dong dat nho lam ham Green dung trong
mo phéng:

Béng 1 cho thdy khu vuc Song Tranh 2 da xay
ra 4 tran dong dat véi M > 4,0. Pay 1a nhiing tran
dong dit manh ma chung toi hudng dén dé Iya
chon md phong. Bén canh d6 cic bang ghi gia tdc
clia cac tran dong dat M > 3,5 1a tap so liéu gitp
chung t6i chon ra tran dong dat nhé 1am ham
Green trong thuat todn mo6 phéng.

Bang 1. Danh muc mot sé trdn dong d4t duoc lwa chon trong nghién ciru (Trich tir “Danh muc dong dat khu vuc Thuy dién Séng

Tranh 2 va lan cdn” nam 2014 ctia Phong Quan sat Dong d4t bao céo Vién Vat ly bia céu)

Thoi gian phat sinh dong dat (GMT)

Chan tim

STT - N - ; . 3 Dbosau DG 16n (Mag) Tén tram ghi dugc
Nim Thang Ngay Gis Phat Gidy Vidé Kinh d6
1 2012 9 23 3 57 31.7 15.379 108.046 5.7 4 STO4, STO3, ST02, STO1
2 2012 9 27 6 34 129 15.39 108.114 6 4.1 STO04, STO3, ST02, STO1
3 2012 10 16 02 29 40 15.399 108.158 8 3.5 STO03, ST02, STO1
4 2012 10 2 13 4 39.5 15.383 108.091 6.8 4.6 ST02, STO1
5 2012 11 15 7 24 8.6 15.35 108.1 5.5 4.7 ST04, ST02

Viéc Iya chon dong dat manh va dong dét yéu
hon (dong dat nho) dua trén mdt so tiéu chuan
chinh nhu sau:

- Tran dong dit nho - ham Green c6 magnitude
nho hon tran dong dat manh theo kinh nghiém
khoang 1 don vi la tot nhat.

- Tran dong dat nho - ham Green c6 vi tri gan
ké voi tran dong dat manh nham lam giam cac hiéu
ung vé duong truyén song cling nhu hiéu trng nén.

- Tran dong dit nhoé - ham Green ciing nhu
dong dat manh c6 bang ghi gia téc dao dong nén
dat chét lugng tot (nhidu khéng 16n hon tin hiéu
song dia chin).

Sau khi phan tich tap s liéu dd co ching toi
chon duoc 2 tran dong dét dap ung cac tiéu chuén
trén d6 la trdn dong dit manh xay ra ngay
22/10/2012, M = 4,6 & toa do 15.383 vi d6 bic ,
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108.091 kinh d6 déng, va tran dong dit nhé hon
xay ra ngay 16 thang 10 nam 2012, M = 3,5 ¢ vi tri
15.399 vi do bic, 108.158 kinh d6 dong. Trong
thuc té, khi c6 mot tran dong dat xay ra khong phai
tAt ca cac tram xung quanh n6 déu ghi duoc do
nhiéu nguyén nhan khach quan, ciing nhu chu
quan nhu mét dién, may ghi hong, ... vao thoi diém
xay ra dong dat. Bidu do ciing xay ra d6i v6i mang
tram cua ban quan ly du an. Mot diéu ma chung t6i
quan tim 13 ca hai tran dong dat phai c6 bang ghi
gia tde tir cung mot tram dia chin dé c6 do chinh
xac khi so sanh. Hai tran dong dét ching t6i chon
cung c6 bang ghi gia te dao dong nén tir 2 tram la
STO1 va ST02 (bang 1). Pé loai bé nhidu do anh
huéng dao dong cua than dap, chung téi chi st
dung bang ghi gia téc thu dwoc cua tram dit trén
nén da géc STO2 trong tinh toan. Trong qua trinh
mé phong bang 1y thuyét duoc so sanh véi bing
quan tric (hinh 5).
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Bang gia toc thu'c ciia dong dat M=4.6

Bang gia téc thu'c cia dong dat m=3.5

Bang gia téc moé phong cua dong dat
So Saily M—1-6

‘céﬁ\

Hinh 5. So dd cac bude thuc hién md phong bang gia tbe dao dong nén cua tran dong d4t manh M = 4.6 tir trén dong d4t nho hon

M = 3.5 tai tram ST02

3.3 Pdnh gid cdc tham sé ding trong mé phéng

Nhu phan giéi thiéu phuo‘ng phap ham Green
thuc nghiém ching ta cdn xac dinh 2 tham sd
do la:

Aoy U _

a U,

(2
(i) Tham sb biéu dién twong quan giira cac dit
gay cua 2 trn dong dat, N;

CN?

(ii) Tham s biéu dién twong quan gitra hai trdn
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dong dat C.

Cac gla tri U va Ug; Ao va a, duoc xac
dinh tu phé dich chuyen va phd gia toc cua tran
dong dat 16n M = 4,6 va tran dong dit nho M = 3,5
(hinh 6, 7).

Sau khi Iya chon dugc dong dat 16n va nho,
chiing t6i tién hanh phén tich s0 liéu dé tinh phé gia
téc va dich chuyén cua 2 trén dong dat trén véi 2
thanh phan bac nam va dong tay Két qua tinh A,
vaU, va tin s6 goc f, twong g clia hai tran dong
dat dwoc biéu dién dudi hinh 6, hinh 7 va bang 2.
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Hinh 6. Phé dich chuyén va phé gia tdc ctia trin M = 3,5 thanh phin bic nam va dong tay
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Hinh 7. Phé dich chuyén va phé gia tdc ctia trin M = 4,6 thanh phin bic nam va déng tay
Bing 2. Giatri U va Uy ; Ay va @, f. (Két qua phan tich phé gia tdc va dich chuyén & hinh 6 va hinh 7)
. . N Fc tinh theo pho Lz . N
Magnitude Thanh Phan — - 7 Gia toc (A0 m/s) Dich chuyén (U0 m.s)
gia toc dich chuyén
M=46 dbng tay 3 3,3 2.00E-03 7.00E-06
o bic nam 4 4 3.00E-03 5.50E-06
M=35 dong tay 9 10 1.00E-03 2.00E-07
béc nam 8 9,7 1.00E-03 4.00E-07

T cée gia tri U va Uy ; Ay va @, thé vao hé
phuong trinh (7) va (8) ta tim duwoc gia tri ban dau
cua N va C nhu sau: C ~0,91; N ~ 2- 3.

4. Két qua

Viéc tinh toan mo phong tran dong dat M = 4,6
duoc thuc hién bdi chuong trinh EGFM (Emprical
Green Funtion Method). Pay 1a chuong trinh m6
phong bang dao dong nén 1y thuyét theo phuong
phap ham Green thyc nghiém do gido su Irikura
viét ndm 1986 bang ngdn ngir fortran cho may
unix. Sau nay chuong trinh di dugc nhidu nguoi
st dung c6 bd sung stra chita (Kamae K, Irikura
K., 1991). Tir cac gia tri ban ddu cta cac tham sd
N va C va bang quan sat tran dong dit nho
M = 3,5, ching t6i tién hanh mo phong tran dong
dat chinh ngay 22/10/2012 véi M = 4,6. Day 1a qua
trinh giai bai toan ngugc, nghiém tim thy 1a bang
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dao dong 1y thuyét s& dugc so sanh véi biang quan
tric cua trn dong dit manh ngay 22/10/2012 véi
M = 4,6. Sau nhiéu lan thay ddi, thu nghiém cac
moé hinh khac nhau va so sanh bang 1y thuyét véi
bing quan sat chung toi tim thiy cac gia tri N = 3
va C = 0,87 la thich hop nhét, cho bang ly thuyét
trung hop tot nhit v6i bang quan sat. Tran dong
d4t manh xay ra trén dut gdy co chiéu dai bang
chidu rong va bang 0,9km. Piém xuit phat cia
dong dit nho ¢ vi tri 1 x 3 cho bang gia toc Iy
thuyét gan gidng nhit voi bang gia toc ghi duoc.
Két qua md phong duoc so sanh bing dao dong &
ca 3 thanh phan dong tay, bic nam va thanh phan
thang dimg, mdi thanh phan duoc so sanh ca 3
gia tri do 1a gia tdc, van tdc va dich chuyén. Hinh
8 va 9 1a két qua so sanh cua 2 thanh phan bic
nam va dong tay. Hinh (a) tir trai qua phai lan
lwot 13 bang dich chuyén, vén tdc, gia téc va tir
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trén xudng dudi 12 bang quan sat bang 1y thuyét, dich chuyén d& so sanh hon ca, cho thiy tring
bang quan tric tran dong ddt M = 4,6, bang quan  hop rd nhét vé ca pha va bién d6 cua bang dich
tric tran dong dat nho M = 3,5. Tuong tw hinh b chuyén cua tran dong dét 1y thuyét va quan tric.
tir trai sang phai va phé dich chuyén, phd van téc, Bing gia tdc hoi kho so sanh hon vé pha nhung
phd gia toc trén xubng dudi 1an lugt bang quan  van cho thay su tring khép vé bién do cia bing
sat va bang 1y thuyét. Trén hinh 8 va 9 thiy bang  quan sat va bang 1y thuyét.

Gia toc Vin toe o Dich chuyén
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6
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(b)

Hinh 8. Két qua md phong dong dét 4,6 tir dong dét 3,5 thanh phin déng tay: a) So sanh cac bang ghi gia tdc, van téc va dich
chuyén, duong lién nét va duong chim 12 bang ghi quan sat va mo phong tuong tmg, hang trén 14 thanh phin déng-tay, hang dudi 1a
thanh phan bic-nam; b) So sanh phd gia tdc, phd vén tbc va phéd dich chuyén, duong lién nét va duong chim 1a phd cia bang ghi
quan st vi md phong turong tmg. hang trén 14 thanh phin déng-tay, hang duéi 1a thanh phan bic-nam
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5. Théo luin

Mb phong dao dong nén dit do dong dét gay ra
doi hoi qua trinh tinh toan hét stc phirc tap. Lua
chon phuong phéap ciing nhu két qua, bang ly
thuyét nao phu thude nhiéu vao diéu kién, chat
lugng s6 ligu. Cho dén nay mo phong dong dét
manh kich ban van 1a van dé thach thire ddi véi cac
nha dia chan hoc. Nhiéu phuong phap, 1y thuyét
cing nhu cac chuong trinh mé phong duge cong
bb, tuy nhién két qua cac bang dong dat ly thuyét,
con gy tranh cai ve do chinh xac, sai sO va kha
ning ap dung thyc tién. Viéc mé phong lai mot sd
tran dong dat manh di xay ra va dem két qua Ay
dbi sanh voi bang ghi dao dong nén dat thuc 1a mot
budc tién quan trong trong cong tac mod phong.
Tuy nhién viéc ndy mdi chi thanh céng ¢ mot so
nude tién tién c6 hé thong mang quan trac dong
dat hién dai, c6 nhiéu bang ghi dao dong nén cua
céc tran dong dat manh xay ra. So liéu bang ghi
gia tbc cua Viét Nam rat it va khong co dong dét
manh (M >5,3). Liéu c¢6 thé 4p dung phwong phap
ham Green thuc nghiém dé mé phong nhimg tran
dong dit M ~ 4,5 ctia Viét Nam 13 van dé chung
toi ludn quan tdm. Nam 2006, chung t6i mé phong
thanh céng tran dong dat Pién Bién M =5,3 (Tran
Thi My Thanh, 2006). Trong nghién ciru nay két
qua m6 phong bang ly thuyet cua dong dat M = 4,6
rat gan v6i bang quan trac mot 1an nita khing dinh
phuong phap ham Green thuc nghiém c6 kha nang
ap dung cao ¢ Viét Nam. Viéc mbé phong thanh
cong dong dat M = 4,6 c6 ¥ nghia thuc tién quan
trong khong chi & Viét Nam ma con trén qudc té,
da khiang dinh dugc mot s6 quan diém trong bai
toan mo phong:

- Phuong phap ham Green thyc nghiém c6 thé
ap dung ddi véi cac nude c6 do hoat dong dong dét
trung binh. Trén thé gidi cac nude tién tién ap
dung phuong phdp ham Green thyc nghiém la
nhitng nudc c6 d6 hoat dong dong dit cao nhu
Nhat Ban, Thé Nhi Ky,...

- Phuong phap ham Green thyc nghiém c6 thé
ap dung mo phong nhitng dong dit trung binh xay
ra trén dat gy thuong (dit gay thuan). Cac nha
dia chan thé gii thuong ap dung phuong phap
ham Green thyc nghiém mé phong dong dit manh
xay ra trén cac dut gdy dang chom nghich hoac dut
gay nghich.

- Phuong phap ham Green thyc nghiém c6 thé
ap dung moé phong ca voi dong dat kich thich. Ca
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hai tran dong dat 16n M = 4,6 va tran dong dit nho
M = 3,5 dung trong nghién ctru nay la nhitng trin
dong dét kich thich khu vuc Séng Tranh 2 xay ra
sau khi hd chira di vao hoat dong.

Hién nay, khu vuc Séng Tranh 2 chiing ta c6
tap hop cac bing ghi dao dong dong dit co do 1on
M > 4,0, dac biét 1a 2 tran M = 4,6 va 4,7 13 co s6
s6 litu quan trong dé mé phong tran dong dét
manh thiét ké M = 5,5 (Vi Van Vung et al., 2012).
Tuy nhién d& moé phong chinh xac dong dat thiét
ké M = 5,5 d0i hoi chung ta phai co s liéu dut
gdy, ciing nhu cic tham sd ngudn chinh xac cua
tran dong dat kich ban nay.

6. Két luan

Két qua mé phong gia toc dao dong nén bing
phuong phap ham Green thuc nghlem cho bang ly
thuyét trung vGi bang quan trac, giup chung ta
chinh xac lai cac tham so dong dét, cling nhu lam
10 qua trinh dong dat. Phuong phap cho phép xay
dung bang gia toc manh mang tinh du bao khi biét
chinh xac cac tham sb dut giy, ngudn gy dong
dat. Viét Nam c6 nhiéu bang ghi dong dat nho va
vira nhung lai thiéu bang ghi dong dat manh,
ching ta c¢6 thé ap dung phuong phap ham Green
thuc nghiém dé mo phong nhiing tran dong dt 16n
mang tinh chat dy bao.

Céc bing gia tbc mo phong mg véi cac gia tri
do 16n khac nhau la ngudn so liéu quy gia giup
ching ta khic phuc sy thiéu sot sb lidu gla toc dao
dong nén ¢ Viét Nam. Tép hgp bang gia tbc mo
phong va bang gia tdc quan trac 1a co so giit liéu
quan trong dung trong thiét ké khang chan.

Khu vuc Song Tranh 2, ching ta mé phdéng
thanh cong tran dong dat M = 4,6 nho bing ghi
tran dong dat M = 3,5. Chung ta ciing c¢6 thé mo
phong tran dong dit thiét ké M = 5,5 tir bang ghi
trin dong dat M = 4,6 hosic M = 4,7.

O Viét Nam dbi voi mot sé hd thuy dién da di
vao hoat dong néu co bang ghi gia tc cua dong
dat kich thich c6 d6 16n M ~ 3,5 ching ta c6 thé
md phong dong dat kich thich M ~ 4,5 trude khi
chung co thé xay ra.

L&i cdm on

Tap thé tac gia xin chan thanh cam on cac nha
khoa hoc, cac ban déng nghiép, 1anh dao Vién Vat
Iy Pia cu va Truong Pai hoc Tokyo da ung ho va
gitp d& chung t6i trong qué trinh nghién ctru.
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