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1. Mé dau

D6 nguy hiém dong dat khu vuc Ha Noi va lan
can dd duoc cac nha dia chin Viét Nam nhu:
Lé Tu Son [11, 12]; & tai doc 1ap cap Nha nudc
cia Nguyén Pinh Xuyén [14], Nguyén Héng
Phuong [3, 4]... nghién ctru kha nhiéu, song chu
yéu dua trén co so bai toan thong ké dong dit.
Phuong phéap nay dugc ing dung kha rong rai khi
ma mang ludi cac dai tram quan sat dong dat phat
trién manh mé&. Nhung han ché cua phuong phap
nay la khoang thoi gian chudi s6 liéu khong day
du, néu nhitng ving c6 it s6 lidu vé dong dt thi rat
khé dé dua ra nhiing két qua dang tin cay.

Dé khic phuc nhitng han ché vé hiéu qua cua
bai toan thong ké, chiing t6i da thir nghiém ap dung
phuong phap tit dinh méi nhim danh gia nguy
hiém dong dat & khu vuc Ha Noi va lan can (hinh
I). Phuong phap nay chii tim dén mot sb van dé
chii yéu da bi bo qua trong phan tich d6 nguy hiém
dong dét theo phuong phap xéac suit, cu thé 1a tinh
chit cta 16p vo Trai Dat anh huong dén sy tit dan
nhu thé nio. Bit ddu tir nhitng thong tin c6 san vé
céu triic vo Trai Dét, ving ngudn va mirc do sinh
chan cua khu vyc diéu tra, c6 thé udc tinh gia toc
nén cuc dai (Amax), van tbc nén cuc dai (Vmax),
va dich chuyén nén cuc dai (Dmax). Uu diém cua
phuong phép tat dinh méi 1a co thé tinh toan do
nguy hiém dong dit & nhitng ving thiéu thong tin
vé dong dat. Cac két qua nghién ctru nay cho thiy
bai toan tit dinh m&i phan nao di khic phuc duge
su thiéu hut va ddc diém khong lién tuc cia sb liéu
dong dat ¢ nudc ta. Py 1a mot phan két qua cia
nhiém vu hop tac Khoa hoc va Cong nghé giita
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Viét Nam va Italia. Tai li¢u dong dat su dung la:
danh myc dong dét ctia Vién Vat ly bia ciu, két hop
danh myc dong dat phu tr6i cua ISCHNOAA+NEIC
dén hét nam 2009 va s6 liéu dong dat lich sir [5].
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Hinh 1. So db vj tri khu vie nghién ctru

2. Phuong phap tit dinh méi trong danh gia do
nguy hiém dong dit

Phuong phap tit dinh bat dau duoc ap dung
trén thé gidi tir ddu thé ky XX. Nhirng nghién ctru
du tién theo cach tiép can nay thuong dua trén
viéc ddi sanh céc sb liéu quan sat thuc té vé nhiing
thiét hai do dong dat gay ra voi phan bb khong gian
va cac dac trung dia vat 1y cta cac cAu trac dia chét
nam bén dudi khu vuc bi thiét hai. Trong phuong



phdp nay, cac thong sd rung dong nén dugc xac
dinh chu yéu bang cac cong thirc thuc nghiém.

Bét ddu tir nhitg ndm 70 cua thé ky XX nhiéu
nudc trén thé gi¢i da ap dung phuong phap xéc
sudt trong nghién ctru do nguy hiém dong dat. Do
tinh mém déo cta phuwong phap xac sudt nén vao
thoi diém nay, phuong phap nay di chiém uu thé
trude phuong phap tit dinh trén pham vi toan cau.

Vao nhitng nam 90 cua thé ky XX va nhiing
nam dau thé ky XXI véi nhitng tién bd vé khoa hoc
va cong ngh¢, phuong phap tat dinh dugc cap nhat
va nang cap voi sy ho trg clia cac cong cu tinh toan
va hién thi tién tién di tr& nén khac hin so véi
phuong phap tat dinh ap dung nua déu thé ky XX va
vi thé duoc goi 1a phuong phap tat dinh méi (neo-
deterministic method). Phuong phép tit dinh méi
duoc phat trién boi Costa (1992, 1993) va sau d6
dugc ap dung rong rai boi Orozova-Stanishkova
(1996), Alvarez (1999), Aoudia (2000), Bus (2000),
Markusic (2000), Radulian va nnk (2000); Zivcic va
nnk (2000) dai dién cho mét trong nhing cach tiép
can méi va tién tién nhét.

Quy trinh dénh gia d6 nguy hiém dong dat cia
phuong phéap tit dinh mé&i bao gdm nhiing budc
thuc hién co ban sau:

Buédc 1: Xéac dinh vung nguon phat sinh dong
dét va gia tri cyc dai dong dét xay ra tai mdi ving
ngudn;

Budc 2: Xac dinh cac déi céu trac va cac thong
s0 vé mat d§ cling nhu vén toc séng dia chan tai
cac 16p cua moi vung;

Budc 3: Xac dinh quy luat tat dan chan dong;

Budc 4: Tinh toan d¢ nguy hiém dong dét.

So d6 cua phuong phap tat dinh méi duoc thé
hién trén hinh 2.

2.1. Phwong phdp tit dinh trong phdn chia viing
nguon

Bit dau tir nhimng thong tin ¢ san vé dia chan
kién tao, dia dong luc (cac dut gdy hoat dong hay
cac vung c6 do hoat dong dong dét tich cuc), vung
ngudn dugc xac dinh nhu sau:

- Xac lap cac hé théng dat gay khu vuc nghién
clru trén co so t6 hop tai lidu dia chit, dia vatly va
cac két qua nghién ctru vé dic trung cu tric vo
Trai Dit.

- Xdc lap cac dut gdy hoat dong trén co s¢ biéu
hién hoat dong theo tai liéu dia chat, dia vat ly.

- Xac dinh ngudn phat sinh C!C)ng‘d?it trén co s&
biéu hién hoat dong dong dat gan lien vdi cac dut
gy hoat dong.
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Hinh 2. So @b ctia phwong phap tat dinh d& danh gia
nguy hiém dong dét

- Cac ngudn phét sinh dong dat co dic trung
chung nhét vé co cAu chin tiéu, dic diém ciu trac,
kién trac dia dong luc, dic diém bién dang duoc
g0p lai thanh mot ving ngudn. Ranh gidi ciia ving
ngudn 1a duong bién trung vai giai c6 do hoat dong
dia chén thap nhét. Cac ving ngudn phai phu kin
khu vuc nghién ctru va céc ranh gidi cia cac vung
ngudn khong duoc chdng 1én nhau.

- Mdi vung nguén dugc gan cho mét tran dong
dat c6 do 1on M xac dinh. Cac tran dong dat nay
thudng duge chon 1a cac tran dong dat co do tin
cdy 16n nhét hay con goi 1a dong dat dic trung.

2.2. Xdc dinh cic dé6i ciu triic chinh trong khu
vue nghién ciru

Tir nhitng théng tin vé cau triic vo Trai Dat, ban
dd dia chét cling nhu ban dd ranh gidi cac mat co
ban cho phép ching ta xac dinh dugc cac doi Céu
truc voi cac thong s6 vé mat do cting nhu van toc
truyen song tai cac 10p cuia mdi di cau trac. Cac doi
cau truc cling phai phu kin khu vuc nghién ctu va
ranh gidi cua cac doi khong duoc chdng 1én nhau.

2.3. Xdc dinh quy ludt tit dan chin déng
Qua trinh nay dugc thyc hién nho 4p dung céc

quy luat tit dan chin dong theo khoang cach, dugc

201



rit ra tir nhimg két qua thyc nghiém. Két qua nhan
duoc la gia tri cua cac tham s6 rung dong nén tai
mdi diém tinh, dwoc x4c dinh nhu ham magnitude
dong dét cuc dai M va khoang cach R tir nguon dén
diém tinh.

2.4. Tinh todn dp nguy hiém dpng dit

Bao gdm viéc tinh toan do nguy hiém dong dat
tai mot diém. Trong truong hop danh gia cho mot
ving thi cac ban do rung dong dong dat nhu vé
dich chuyén nén cuc dai (Dmax), van téc nén cuc
dai (Vmax) hay gia tdc nén cuc dai (Amax) duoc
tinh toan.

3. X4c dinh cic thong s6 diu vao phuc vu tinh
toan do nguy hiém dong dat khu vee Ha Noi va
l1an can

3.1. Hoat djng dong dit khu viee Ha N§i va lan cdn

Danh muc djng dat dﬁy du 1anh thé Viét Nam
va ké can dén hét nam 2009 d3 duoc thiét 1ap trén
co so tong hop cac ngudn s liéu: 1/ Danh muc
dong dét cua Vién Vat ly Dia ciu; 2/ Danh muc
dong dét bd sung, cdp nhét tir cong bd cua ISC;
3/ Danh myc dong dit bd sung, cap nhat tir cong bd
cia NOAA; va 4/ Danh muc dong dat bd sung,
cap nhat tir cong bd ciia NEIC [3].

Trén co sé danh muc dong dét lanh thd Viét
Nam va lan cén, ching t6i lya chon va thanh lap
danh myc dong dat cho khu vuc Ha Noi va lan can

trong gidi han toa d6: 20° 30' dén 21°40' do vy Béc
va tir 105°00' dén 106°20' d6 kinh Pong. Tir danh
muc dong dat khu vyc nghién ciru cho thiy khu
vuc nay di xay ra 53 tran dong dat, trong d6 co 4
tran dong dét lich st (trudc 1900) va 49 tran dong
d4t sau nam 1900. Trong 49 trn dong dét xay ra
sau 1900 c6 6 tran dong dat vai M> 5,0 voi do sau
chén tiéu nim trong khoang tir 17 dén 33km. Nhin
chung dong dit khu vuc Ha Noi va lan can co
Magnitude cyc dai ndm trong khoang 5-5,6 d0
Richter.

3.2. Dut gay hoat dpng khu vuwc Ha Ngi va ldan cdn

Qué trinh phan tich dut gay hoat dong duoc
tién hanh theo hai budc:

Trude hét chung ta xac 1ap doi dut gay khu vuc
nghién ctru trén co s két qua phan tich tai liéu dja
chét, dia vat Iy va anh v¢ tinh. Viéc phan loai dut
gdy 1a dua trén co s& ludn thuyét kién tao mang
cling nhu tinh chét, vai tro cua chung trong qua
trinh tach gian, hut chim, va mang Va chuyén dang
trong d6i cua cac mang, su phan cit, dich chuyén
cac khdi kién tao trong ndi mang thach quyén.
Nguyén tdc phan loai dit gdy hoat dong da duoc
trinh bay trong [6].

Két qua phan tich dugc trinh bay trong bdng 1.
Budc dau danh gia dic trung hoat dong cua dut
gay khu vuc nghién ctuu cho phép rut ra mot s6
nhan dinh sau:

Bang 1. Biéu hién hoat dong cua cac d&i diet gdy khu vire Ha N6i va lan can theo Cao Dinh Triéu (2003)

Biéu hién hoat dong

Pia Anhvé Biamao j5')cf>ng Nuilra  Nuwdc Satld@ CD hién Mtrc d6 hoat dong
hinh tinh DH3  dat (Ms) thung DH6 néng DH8  dai DH9 RA 16: +++
DH1 DH2 Iing DH7 :
STT DH5 R&: ++
Tgn d~0'| Co6BH: +
dut gay
Khéng BH: -
()] @) (©) © (5) (6) @) 8) G (10) (11) (12)
1 Séng L6 ++ ++ ++ 5,9 ++ - ++ + o+
2 Vinh Ninh + + + 5,2 ++ - - + 4+
3 Séng Chay ++ ++ ++ 53 ++ - ++ +++
4 So6ng Héng + 4+ + 4 4 5,0 + 4+ - + 4+ + + P
Lao Cai -
5 Ninh Binh ++ ++ ++ 48 + - + ++

Chu thich: Cot 1: S6 thir tw clia dirt gay theo thdng ké ctia bang; Cot 2: Tén dut gay;
T cot 3 dén cot 12 1a cac tiéu chi nhan dang dit gay hoat dong.
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(i) Cac doi dut gy dugc thong ké trong bdng 1
la nhitng dut gy co biéu hién hoat dong trong
Kainozoi mudn. Cac dut gay trong khu vuc nghién
ctru ¢ dau hiéu hoat dong tich cuc, c6 phuong tay
bic - dong nam va chu yéu c6 tinh chat truot
bang phai;

(ii) Doi dut giy biéu hién hoat dong rd nét trén

khu vuc nghién ctru bao gdm: Séng L6, Vinh Ninh,
Song Chay, Song Hong, Lao Cai - Ninh Binh,
chung ddng thoi 1a cac déi dut gy phat sinh dong
dat chinh cta khu vuc nghién ctru.

Trén co s& danh muc dong dét va biéu hién dit
gdy, cho phép chiing t6i thanh 1ap ban d dia chin
kién tao khu vuc Ha Noi va lan can (hinh 3).

21°.20' [

1022 1010 105°20°  105°30°  10S°40' | 10550 106  106°10° 10620
21040 ey T e : 21° 40
\J:\_jb_\ \_ N ‘};‘ /__,7&...
g WL =
5 4 -
21° 30 T S 21°.30

21°. 10

« Hinh 3. Ban dd dia chan
kién tao khu vwc Ha Noi va

lan can ty 1& 1: 250.000

21040

20°30' [

105° 105°.40' 105°.50'

CHU GIAT
Diir oy thugn )
Ditt piy nghich o
Hurémg cdm mt trucor ditr gay

EI hir gdy cdp 1T
E Bhir gdy cdp 11

106° 106°.10'
Ms=30-39 DONG DAT LICH ST
Ms=40-49 (O Ms=40-49
() Ms=50-60
o

—
() Ms=50-60

3.3. Xdc dinh ving nguon phdt sinh dong dit

Duya vao ban dd dia chén kién tao cling nhu
nguyén tic phan chia ving ngudn trong thuat toan
tat dinh m&i da néu ¢ trén [6-8], ching toi phan
chia khu vyc Ha N¢§i va lan can thanh 5 vung
ngudn phat sinh dong dat (hinh 4) véi cac thong sd
nhu trén bang 2. Ving ngudn I ching t6i gan gia
tri dong daitM =5 xay ra nam 1934 tai Hoa Binh;
ving nguon II 1ay tran dong dat M = 5 xay ra nim
1975 tai Yén Lap; ving ngudn III 1ay tran dong dat
M = 53 xay ra & Vinh Phic nam 1958; vung
nguén v 1§y tran dong datM =5 xay ra ¢ Pai Tu,
Thai Nguyén nim 1967; ving ngudn V lay trdn

dong dit M = 5,6 xay ra & Tan Yén, Bic Giang
nam 1961.

Bang 2. Cac vung ngudn phat sinh déng dat khu vwc
Ha Néi va lan can

STT Ky kiéu Mmax
1 | 5
2 Il 5
3 n 53
4 \Y 5
5 Vv 5,6
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Hinh 4. So d@& phan b céac viing ngudn phat sinh dong d4t khu vire nghién ctru

3.4. Cic ddi céu triic chinh khu vwe Ha Néi va
lan cdn

Thong qua dic diém vé cuong do, cdu tric
truong trong lyc va tor hang khéng cling nhu tai
liéu dia chét, chung t6i dd phan chia khu vuc Ha
Noi va lan can thanh ba déi ciu trac chinh duge
phan cach boi dut giy Song Hong va dit giy Song
Lo (hinh 5) [5]:

- P6i nang tuong d6i Pong Bic: do siu mat
Moho thay dbi tir 24km & phia tiy nam téi 28km &
phia dong bic va phia tiy bic chim xubng t6i do sau
30-32km. P9 sau mat mong két tinh ¢ day dao dong
tir 3km & phia dong bic t6i 5,5km & phia tdy nam.

- b6i sut lun Trung Tam: d6 sau bé mat Moho
thay ddi tir <20km & phén trung tim va siu dan &
hai ria déng béc va tdy nam t6i 24km. O phia tay
béc, bé mat Moho chim sdu t6i 30-32km. Mait
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mong két tinh c¢6 do sau thay ddi tir 3km dén 9km
tao thanh mdt mang 1d0m kéo dai theo phuong tay
béc - déng nam - phwong cdu trac chi dao ciia khu
vuc nghién cuu.

- P6i nang tuong dbi Tay Nam: phia déng nam
d6 sdu mat Moho thay d6i khong 16n (24-26km),
nhung & phia tdy nam do sau co thé dat t6i 32km.
Mit mong két tinh trong d6i nay dao dong kha
phirc tap tir 16 trén mat dén do sau khoang 4 km.
Phan dong nam, b& mit mong két tinh bi chim
xudng tao thanh méang 16m kéo dai theo phuong tay
béc - dong nam.

- Cac thoéng s6 vé mat d0 va van tdc truyén
song trong mdi 16p cua timg déi cau tric duogc
chung t6i tham khéo tir cic cong trinh da cong bd
trude day ciia Cao Pinh Triu [4], Tran Vin Thing
[5]; Lé Tur Son [12, 13] vé ddi céu trac triing Ha
Noi. Cac théng s6 dugce thé hién ¢ bang 3.



Bang 3. Cac thong sé vé mat dé va van téc séng doc
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Hinh 5. So dd cac déi cAu trdc chinh khu viee Ha NGi va 1an can

va séng ngang trong tirng d&i cau tric

‘ Mat do
Doi céutric O ga(ma;c rung l‘(’;gh (Ve, km/s) (V:\n/;/s ;/3 ;
(p. glem®)
Déi bong Bac
Lép 1 1,0 2,50 4,80 2,77
Lép 2 4,0 2,87 5,36 3,09
Lép 3 11,0 3,15 6,10 3,53
Lép 4 12 3,30 8,00 4,62
Daoi trung tam
Lép 1 4,0 1,89 4,20 2,43
Lép 2 4,0 2,86 5,36 3,09
Lép 3 11,0 3,15 6,10 3,53
Lép 4 9,0 3,30 8,0 4,62
boi Tay Nam
Lép 1 1,0 2,50 4,80 2,77
Lép 2 3,0 2,85 5,36 3,09
Lép 3 10,0 3,15 6,10 3,53
Lép 4 16,0 3,30 8,00 4,62

4. Mot s6 két qua buéc dau nghién ciru do nguy
hiém dong dat khu vuc Ha Noi va lan cin trén
co' sé phwong phap tat dinh méi

Trong bai bao nay chung t6i da ap dung phuong
phép tit dinh méi trong danh gia do nguy hiém dong
dat khu vure Ha Noi va 1an can. Cac két qua tinh toan
dich chuyén nén cyc dai (Dmax), van toc dich
chuyén nén cyc dai (Vmax), gia toc giao dong nén
cuc dai (Amax) dugc xac dinh trén co so sb liéu
dong dat Viét Nam dén hét nam 2009 (c6 dé cap toi
dong dat lich sir) va sit dung bd chwong trinh
GNDT. B¢ chuong trinh GNDT (Gruppo Nazionale
per la Difesa dai Terremoti) [15] dugc Camassi va
Stucchi viét nam 1996 sau d6 dwoc phat trién va cap
nhit boi cac nha khoa hoc thudc khoa Dia chit
truong Pai hoc Trieste, Italia. BO chuong trinh nay
da duoc thir nghiém tinh toan do nguy hiém dong
dat cho mot s6 thanh phd 16n trén thé gidi va cho két
qua dugc cac chuyén gia trong nganh danh gia cao.
Céc két qua tinh toan cho khu vyc Ha N¢i va lan can
dugc biéu dién trén hinh 6, 7, 8.
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Hinh 6. So' @b thanh phan dich chuyén ndm ngang (Dmax) khu virc Ha Ngi va lan can

105.4 105.6 106

105 105.2 105.4 105.6 105.8 106 106.2

28 cm/s

26 cm/s

24 cm/s

22 cm/s

20 cm/s

18 cm/s

16 cm/s.

14 cm/s

12 cm/s

10 cm/s

8cm/s

Hinh 7. So db thanh phan van téc ndm ngang (Vmax) khu viwc Ha Noi va 1an can
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Hinh 8. Gia tbc giao déng nén cuwc dai (Amax) khu virc Ha N6i va lan can

Két qua tinh toan thanh phan dich chuyén nim
ngang (hinh 6) cho thay dich chuyén tbi da ciia khu
vuc Ha N¢i va lan can 6 thé dat toi 10cm ¢ khu
vuc déi cdu trac Pong Bic (khu vuc Bic Giang,
Thai Nguyén, Hai Duong, Bic Ninh). O d6i trung
tam khu vuc Ha Noi dich chuyén nam ngang c6 gia
tri tir 6 dén 9cm. O d6i Tay Nam dich chuyén nam
ngang thap hon so véi hai d6i con lai, dich chuyén
chi dat tir 4 dén 6cm.

Van tdc dich chuyén Vmax cé thé dat t6i
28cm/s thudc d6i ciu trac Dong Bic (khu vuc Bic
Giang, Thai Nguyén, Hai Duong, Bic Ninh) (hinh
7). Bdi cdu trac trung tim c6 van tdc dich chuyén
thay dbi tir 18 dén 26cm/s. Péi Tay Nam c6 van
tc dich chuyén thay ddi tir 10 dén 18cm/s.

Két qua tinh toan gia tbc dao dong nén cuc dai
(Amax) duoc trinh bay trong hink 8 cho thy: gia
tde giao dong nén cuc dai (Amax) khu vuc nghién
ctru ¢6 gia tri tir 0,04 dén 0,11g (1g=980cm/s?). Gia
tri gia toc 16n hon 0,1g gin nhu bao phu toan b déi
cdu trac Pong Béc. Tai cac tinh Bic Giang, Béc
Ninh, Thai Nguyén gid tri Amax c6 thé dat t6i
0,11g. Khu vic thanh ph6 Ha Noi c6 gia tri tir 0,07g
dén 0,1g. Khu vyc con lai gia tri thay doi tir 0,04g

dén 0,07g. Nhin chung trong khu vic nghién ctru gia
tri gia toc giao dong nén thay doi kha manh thé hién
0 nét trén ba déi cau truc chinh trong khu vyc.

5. Két luan

(1) Khu vue nghlen ctru dugc chia thanh 5 vung
nguodn va 3 déi cau tric:

- Cac ving ngudn bao gdm: ving I v6i Mmax =
5, vung II véi Mmax = 5, vung III véi Mmax = 5,3,
vung [V véi Mmax = 5, ving V v6i Mmax = 5,6.

- Cac d6i cdu triic bao gdm: d6i nang tuong dbi
bong Bac, doi ha Trung Tam va d6i nang tuong
doi Tay Nam.

(ii) Khu vuc Ha No6i va lan can phan bd dich
chuyen ngang (Dmax) thay doi tir 4 dén 10cm, ting
dan tir phia tdy nam 1én phia dong bic.

(iii) Van tdc dich chuyén (Vmax) co gia tri thay
d6i tir 10 dén 28cm/s. O khu vyc Béc Giang, Thai
Nguyén, Hai Duong, Bic Ninh c6 gia tri 16n nhat
dat t61 28cmy/s.

(iv) Gia tc dao dong nén cuc dai (Amax) ¢
gi4 tri tir 0,04 d&én 0,11g (1g=980cm/s).
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SUMMARY

Seismic hazard assessment of Hanoi and adjacent areas on the basis of neodeterministic approach

In this paper we would like to present some results of seismic hazard assessments in Hanoi and adjacent areas on

the basis of Neodeterministic algorithm.

1. Study area can be divided into 5 source zones and 3 structure zones. Source zones include: (I) with Mmax = 5,
(I1) with Mmax = 5, (lll) with Mmax = 5.3, (IV) with Mmax = 5, (V) with Mmax = 5.6. Structure zones include: South - West
relative raise zone, Central lower zone, North - East relative raise zone.

2. The maximum average values of horizontal displacement component (Dmax) changes 4-10cm from South -
Western to North - Eastern. The velocity (Vmax) can reach 28 cm/s in North - East zone. The maximum average values

of Acceleration (A) can reach: 0.04g < A <0.11g.
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