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DA{H GIA ICIANAI\{G BI TdNTHUOI\G
Do DONG DAT CHo TI{A{H PHd HA NOT

NcureN HdNc pHr.roNG. pHAM rn6 rnuvdN

nhau. ThuAt to6n thft nha't cho ph6p d6nh gi6 tdng
quan khi nang bi tdn thuong cho todn bO *rnnh ph0
He Noi dua tr€n cic kdt qui nghien ciru vd khi nang
rung dOng ndn vA khindng ph6huj ndn do dOng ddt.
Thu6t to6n tht hai sr? dung c6c d[ liOu vd nhi cfra,
dan sd vd didu ki€n ndn ddt dd danh gi6 khi nang
bi tdn thuong 6 mrlc d0 chi tiet fti c{p phudng tai
mOt sd qu4n nOi thdnh cria thanh phei Ha Noi.

lt. K{ANAI.IG BI T6N TI{IJOI.{G Do
DO.NG oAr cuauOr rcru Wc DO r{
Cho ddn nay, c6c nguyOn l!'co bin cfia quy

trinh dt'u tranh vdi c6c dang thirc thiOn tai kh6c
nhau dd. duo. c hinh thdnh 6 hdu kh6p c6c queic gia
tr0n thO gi6i. Trong linh vuc nghiOn crlu d6ng ddt,
c6c phuong ph6p lu4n d6nh gi6 nii ro vd gi6m nhe
thiet hai cho mot khu vuc d6 thi duo. c xay dqng
dua trdn ba kh6i niem co brin vd quan hong bao
gdm : dO nguy hidm, do nhAy cim thi€t hai vd d0
rfri ro dong ddt.

1. D0 nguy hidm ddng ddl

D0 nguy hidm dOng ddt ld x6c sudt xua't hiOn cta
mOt chAn dOng do d0ng ddt g4y ra tai mOr ving cho
trudc trong mOt khoing thdi gian cho trudc. Chdn
d0ng dia ch0n c6 thd do bang cudrng d0 theo thang
cdp dQ manh, biOn d0 rung d0ng ndn hay c6c tham
sdkhic srl dung trong thidt kdxay drmg kh6ng ch0n.

2. DO nhf;y cdm thipt hvi

D0 nhAy crim thiOt h4i do dOng ddt, cdn goi ld
didm ydu, ciing chinh ld khi nang bi tdn thuong do
d0ng ddt di duo.c dinh nghia & tren. Uy vi du cho
thdnh phd He NOi, dAy li nguy cd cong ddng d0 thi
cria thdnh phO Hd NOi sE phrii chiu nhfmg thiOt hai
vd vat cha't vd tinh thdn do dong ddt g8y ra. Khi
nang bi tdn thuong ld dai luong khOng phu thu0c
vdo ddn vi ti€n t9, ve thudng duoc x6t tuong (mg

I. MO DAU

Qu6 trinh d0 thi ho6 dang di€n ra v6i toc do
nhanh tai c6c thdnh phO lon khi€n cho van dd quan
li d0 thi ngdy cang tr6 nOn phrlc ta.p vd nan giii. Su
bing nd dan sd vd c6c hoat dOng kinh td xd hOi
khong nhftng ddi h6i su nAng cdp vd ph6t tridn cria
hQ thOng ha tdng co s6, cdn ci su m6 rorrg do thi vC

mat khOng gian dia l!. HQ qui tdt ydu cia viOc ndy
ld c0ng ddng d0 thi phrii chiu drmg nhftng s(rc 6p
ngdy cdng lon nr phia mOi truong, trong d6 c6 ci
nhtng mdi de do4 tidm dn trong thi€n nhiOn.

Ddi vdi Ha Noi, m6t thdnh phd nim trOn dd dut
g6y hoat d6ng SOng H6ng vd trong ving d0ng ddt
cdp 8, dong ddt duo. c xem li mOt mdi hidm hoa khd
hi€n hfu. V6i mAt d0 dan sd ddy dac tai khu vu. c c6c
quan noi thdnh vi toc do ph6t tridn d at nhu hien
nay, dd.c biOt li trong linh vuc xAy dung, Hd NOi c6
thd sC phii chiu thi€t hai d6ng kd vd ngudi vd nhd
cfia ncu d6ng d6lt xdy ra. Thuc te ld, He Noi dd t'rrng

bi rung dOng b6i mOt loat c6c trAn dOng d{t trong
qu6 kht. Cdc tr4n dOng ddt lich sfr 1277,1278 vit
1285 ghi lai trong srl s6ch du-o.c d6nh gi6ld c6 cdp
d0 manh tuong duong v6i cdp 7 vdcdp 7-8. Cnng
theo c6c tdi li€u quan tr6c bing m6y cfra mang ludi
tr4m dia chan ViOt Nam vd queic td; c6c tdi liOu didu
tra thuc dia, c6c tdi liOu lich sfr, cho ddn nay, dd c6
hdng tram trAn dOng ddt duoc ghi nh6n trOn ving Hd
NOi vd l&n cdn, trong d6 d6ng kd nhdt la c6c trAn
dong ddt ndm 1958 6 Vinh Phric (M = 5,3) vd dQng
ddt nam 19616 TAn Y6n, B6c Giang (M = 5,6).

Bdi vidt ndy trinh bAy viOc 6p dgng cOng nghO

GIS dd denh gi6 khi nang bi tdn thuong do dong ddt
cho thinh phd Hd Noi. Kha nang bi tdn thuong do
d0ng ddt (Seismic vulnerability) trong nghiOn ciru
niy duoc hidu nhu khi nang ma't m6t hay khi n6ng
ung ph6 cfra conngudi khi bi det tnrdc tinh ttrdnguy
hidm cfra tai bidn d6ng ddt. Hai thuAt to6n duo. c 6p
dung dd d6nh gi6 rdn thuong & hai mirc d0 kh6c
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vdi m6i mQtydu td chiu rui ro.6day c6c ydu td chiu
rfii ro dugc hidu ld ytt c6, cdc doi tugng c6 met trcn
khu vuc nghiOn crlu, bao g6m ci nhfng ddi trrgng

truc tidp cria d6ng ddt nhu nhd crla, dO didu vd c6c

h€ thOng giao th0ng, th6ng tin liOn i4c, hay gi6n tidp

nhu nhfing ttin the/t vd kinh t0 hay xd hoi.

3. D0 rii ro dQng det

Do rlli ro dOng aa't ld x6c suatt xdy ra nhfing tdn

ttrdt vd kinh td xd hQi do dOng d* gay ra tai mOt khu
vuc cho tru6c,trong m6tkhoing thdi gianchotrudc.

Do r&i ro d6ng da't, do nguy hidm dQng ddt, khi
nang bi tdn thuong vi ydu td chiu r&i ro liOn hQ vdi
nhau b6i bidu thirc :

n

R= HZEiVi (l)
I

& day n - ydu tei chiu riii ro, V - khi nang bi tdn
thudng, bidu thi sd do cfra nhilng tdn thdt thanh
phdn, 11- d0 nguy hidm dorg ddt. Chi sd i bidu thi
lo4i ydu td chiu nii ro.

III. DANH GIA T6NG TT16 K{ANAI\G BI
TdN THUOI.{G OO OONC OAT

cHo rlrANH pHo HA NOr

1. Phuotg phip vi dtliPu stdyng

Viocdanh gi6tdng thdkhA nang bi tdn thuctng do

d6rrg ddt cho thdnh phd Hn NQi chfr ydu dr;a tr0n hai
ydu td : khi neng rung dOng ndn vd khi n5ng ho6

l6ng ndn ddt khi c6 dO:rg ddt manh xdy ra. Khi ndng

truqt l& ndn duo. c loai b6 vi phdn lon diOn tich thhnh

phd Hd Nqi, ur} mOt dia phan nh6 6 huyOn Soc Scrn,

c6 dia hinh bing phing vd khong gtry nguy co thiOt

hai khi c6 dOng da't [3].

Dd bidu thi khe ndng rung dong ndn, cic gi|tri
cdp chen dOng 1 duoc khai th6c tD bin dd phAn ving
nh6 dong ddt cho thdnh phd He Noi t'j tc I:ZSOOO

duo.c sd ho6 vd c6ng bd gAn day nhdt [4, 6]. TrOn

bin d6 ndy, ranh gi6i cic ving ch&n d0ng c6 chdn

cdp tt 6 ddn 8-9 theo thang MSK-64 dd duo. c x6c

dinh (hinh 1).

Khi ning hoi l6ng ndn duo. c khai th6c tt hai ban

dd dd cong bd. Ban d6 thfr nhdt duo. c x&y dmg tren
co s6 x6c dinh h€ sd an toan cho trlng loai ndn theo
c6ng thfrc [6] :

Fs = llx" (2)

trong d6 : F5 - h0 s0 an todn, t; - lqc kh6ng c6t, t" -
(mg sudt cit tudn hoen.
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Trang th6i ho6 l6ng ndn duo. c x6c dinh b&i gi6

tri cfra hQ sd an todn theo quy t6c sau :

a) Kh0ng ho6l6ng khi Fs > 2,0,

b) Hol l6ng khOng chic ch6n khi I,5 < Fs < 2,0,

c) Ho6 l6ng c6 thd xdy ra khi I ,0 < Fs < I ,5,

d) Ho6 l6ng hAu nhu chdc ch6n khi Fs< 1,0.

Bin dd thf hai minh ho4 trln hinh 2, xAy dpg
bing phuong ph6p tdng hgp dia chdt-GIS-x6c sudt

thdng k0, theo d6 x6c sudt ho6 l6ng ndn tinh theo
cOng thfc [3] :

PHr,(IPGA= a).P^tpn=--# (3)

trong d6 i P nu - x6c sua't hod l6ng ndn c6 didu kien
img vdi mQt cdp d0 nhAy cim cho trudc vd mot gi6
tri gia toc cuc d4i ndn cho trubc, Ky - h€ sd hiOu

chinh theo magnitud,Kry-h0 sd hiOu chinh theo didu
kion muc nudc ngdm, P^t - tl le clra don vi bin dd
nhAy cim ddi vdi hien fidng ho6 l6ng ndn.

Mefi tuong quan gitla x6c sudt ho6 l6ng ndn c6

didu ki6n vd gia tdc cu. c dai ndn theo phuong nim
ngang (PGA) duo. c x6c dinh cho c6c cdp do nhey

cim ho6 l6ng ndn trong bdng 1. Mdi tudng quan

niy duo. c x6c dinh tren cd s& thuc nghiOm vd m0
hinh thdng kO c6c sd liQu quan tr6c cfia Liao vd c6c

cOng su (1988) nghiOn c(ru c6c dac tinh khing
xuy€n tiOu bidu cho m6i cdp d0 nhAy cim ho6 l6ng
ndn [2].

Bdng l. Mdl tuong quan gifra x6c sudt c6 didu kign
vi c6'p d9 nhfy c6m ho5 l6ng ndn

Cdp dg nh4y cim Pru(PGA = a)

R4't cao

Cao
Trung binh
Thdp
Rdt rhdp
Kh0ng

0<9,09a-0,82<1,0
O <7 ,6'la - O,92 < 1,0

O<6,67a- 1,0< 1,0

0<5,57a-1,18<1,0
0<4,16a-1,08<1,0

0.0

C6c b6n dd chuy€n dd bidu ttri khe ndng rung
d0ng n€n vd khi nang ho6 l6ng ndn duo. c srl dung
dd xAy dung bin d6 khe ndng tdn thudng do dOng

dt/t cho todn b0 thdnh phd He NOi. Trong sd hai
ben dd ho6 l6ng ndn, bin dd thft nha't duo. c sfr dung
lim ngu6n dt liOu chinh, cdn ben dd tht hai dring
Cd trieu chinh cho c6c khu vu. c kh6ng c6 sd liOu trOn

dia bdn thanh phd He Noi.
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Hinh I. Ban d6 phAn ving nh6 dOng ddt thanh phd Hn Noi [4, 6]

2. Dinh gi6 khd ndng b! tdn thuong

S& dung cOng cu ph6n tich kh0ng gian cira
phdn mdng ArcView GIS, c6c ben dd chuyOn dd
chuydn ddi vd khuon dqng rasrer. Tidp d6, phuong
ph6p dai sei bin dd duo.c 6p dgng dd xfr l! c6c lop
thOng tin chuyOn dC. Ban dd kdt qui duo. c x&y
dumg c6 khuOn dang raster, vdi m6i didm trOn bin
dd duo. c x6c dinh b6i mOt gi6 hi cira He sei tdn
thudng Ka1, duo. c tinh theo cOng thrlc sau :

K77 = I*Kru @)

trong d6 I - 
"ap 

chdn dOng do dOng Cdt, ldy tr) bdn
dd phan ving nh6 dOng da/t vd c6 gi6 tri dao d0:rg
trong khoing nr 6 ddn 8,5 theo thang MSK-64, Ks1-

chi sd ho6 l6ng la'y ti c6c ban dd ho6 l6ng ndn. Gi6
tri cira Kspdu-o. c x6c dinh nhu sau :

Kat- | khi didu kiOn n€n li kh0ng ho6 l6ng,
Knt= 2 khi didu kiQn ndn le c6 rhd hoe l6ng,
Kat= 3 khi di€u kiOn ndn ld chic ch6n ho6 l6ng.

Bin dd khi nang bi tdn thuong do dOng ddt cfra
thdnh phCf He NOi duo. c minh ho4 hOn hinh 3 cho
th{y chc vr)ng c6 khi nang bi tdn thuong cao nhdt
tAp trung doc theo s0ng Hdng, chiem phdn lon dia
bin huyOn Gia LAm vi mot sd khu vu. c nh6 hon tr€n
dia bdn c6c huyQn D0ng Anh vd Thanh Tri.

Khu vrlc nOi thanh He NOi c6 khi nang bi tdn
thuong rt trung binh ddn cao. Khi ndng bi tdn thuong
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trong d6K6p(i) - h0 sd khudch dai rung dOng cho ndn
loai i, S,ys (i,.7) - tring di€n tich c6c khefi nhd c6 ctng
loai kdt c6lu j nim trOn ndn loai i, I 71 p (fi - trong sei xdp
hang nhA cilra theo mftc d6 tdn thuong irng vdi kdt cdu
loaij vd D - mQt dQ dAn sd tai m6i phuong.

Khu vu. c nghi0n crlu duo. c chon bao gdm ba quAn
Ba Dinh, Hodn KiOm vd Hai Bd Trmg thu0c noi
thdnh Hd Noi. C6c d[ lieu vd dong ddt, dia chdt
c0ng trinh vd xAy dmg c6ng trinh duo. c khai thac
tr) co sd d[ li€u GIS tdng hgp cfia thdnh phd Hd
NOi, dA thdnh lAp trong khuOn khd cria hai dd tdi
nghiOn criu v€ nii ro d6ng ddt cho thnnh phO Hd
NOi [3, 5]. C6c lop rhong tin dd hoa chuyOn dd
duoc sfi dung bao gdm :

a) Brin dd hanh chinh khu vuc nghiOn ciru chta
c6c th0ng tin vd ranh gi6i hdnh chinh vd d6n sd v6i
dO chi tiet t6i c{p phudng ;

Hinh 3-+

Bin dd khi ning bi tdn thuong do
dOng ddt thinh phd He N6i

b) Ban dd phAn loai ndn dart cho ba quan BaDinh,
Hoin Kidm vi Hai Bd Trmg (hinh 4) xAy dtmg
theo tiOu chudn phAn loai ctra M! dua tr€n c6c gi6
tri v8n tfic truydn s6ng ngang hoac theo c6c chi
tiOu co l9 ddt [3] ;

c) Bin dd phan loai nhi crla theo kdt c6.u tai ba
quAn Ba Dinh, Hodn Ki0m vd Hai Bd Tnmg (hinh S)

c6c th6ng tin thu0c tinh c6 liOn quan kh6c, trong
d6 quan trong nhdt ld d0 liCu vd dO cao cOng trinh
vi di€n tich srl dung [5].

Tr) bin d6 phan loai n€n dtt, c6 thd thdy trOn
dia bdn khu vrtc nghiOn cuu phd bidn chri ydu ba

D6 nh6y c3m r0i ro
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trong d6 r(6p(f - he sd khu€ch dai rung d0ng cho ndn
loai i, S,ys (i,7) - t<ing di€n tich cic khdi nhd c6 cing
loai ket caru 7 nim h€n ndn loai i, fys (7) - trgng sei xdp
hang nhd ctra theo m(rc d6 tdn thuong frng v6d kdt cdu
loaiT vd D - mQt dQ dAn sef tai m6i phuong.

Khuvuc nghiOn criu duo. c chon bao gdm ba quAn
Ba Dinh, Hodn Kidm vd Hai Bd Tnrng thu0c nOi
thinh Hd Noi. C6c df lieu vd dong ddt, dia chdt
cOng trinh vi x4y dmg c6ng trinh duo. c khai th6c
tir co s6 dfr lieu GIS tdng hqp cfra thMh phd Hd
NOi, de thdnh lAp trong khuOn khd cfra hai d€ tii
nghiOn cfu vd rfri ro d6ng ddt cho thdnh phei Hd
NOi [3, 5]. C6c lop thong tin dd hoa chuyOn dd
duoc s& dung bao gdm :

a) Brin d6 hanh chinh khu vuc nghiOn ciru chta
c6c thong tin vd ranh gi6i hanh chinh vd dln s0 vdi
do chi tidt t1i c{p phudng ;

b) Ben dd phAn loai ndn ddr cho ba quAn Ba Dinh,
Hodn Ki€m vd Hai Bi Tnmg (hinh 4) xAy dqng
theo ti6u chudn phAn loai ciia M! dua trOn c6c gi6
tri vfln teic truydn s6ng ngang hoic theo c6c chi
ti6u co li ddt [3] ;

c) Bin dd phan loai nhd c&a theo kOi cAlu tai ba
qufln Ba Dinh, Hoin KiOm vd Hai Bi Trang (hinh 5)
x0y dgrg fien cd s& kh6o s6t thuc dia vd dOi s6nh
vdi ti€u chufi phfn loai nhd crla ciia Cuc quin l!
c6c tinh trang khdn cdp liOn bang M! (FEMA). Trcn
ben dd niy minh hoa c6c khOi nhd c6 cing loai kdt
cdu c6 mat tren dia bdn ba quAn nghi€n ctu cing
c6c thOng tin thuOc tinh c6 liOn quan kh6c, trong
d6 quan trong nhdt ld d0 li0u vd d0 cao cOng trinh
vd di€n tich sfi dung [5].

Tir ben dd phan loai ndn d{t, c6 thd thdy trcn
dia bin khu vuc nghien cuu phd bidn chii ydu ba

Hinh 3.-+

Bin d6 kh6 nang bi tdn thuong do
dong d{r thnnh phd Ha Noi
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Bdng 4. Xdp hqng rii ro theo phudng t4i c6c quin- 
Ba Dinh, Hoin Ki6m vdr Hai B?r Trrrng

bdng 4 (tiep theo)

(1) (3)(2)(3)(2) (1)

86855 37 B6ch Khoa
86021 38 HAng Bd
85729 39 Hdng B6ng
79'140 40 Cfia D6ng

77892 41 Nguy6n T.Tru.c

77178 42 HAng Ddo
76987 43 BUi Thi Xu6n
76933 44 Hdng Md
75642 45 PhanChuTrinh

75546 46 Ly Thai T6 62758
75307 47 Ddng M6c 60194

74852 48 Trdng Ti6n 57355
74084 49 Pham oinh Hd 4'1037

73850 50 Ddng Tdm 8533

xdp
n9n9 TCn Phuong R
rur ro
(1't Ql (3)

1 CdnsVi 164155
2 Ngoc Kh5nh 140093
3 Vrnh TuY 137646
4 Thanh NhAn 136712
5 Chudng Duong ',134878

6 ThAnh Cdng 127104
7 Bach Ding 108380
8 Quj'nh Mai 97281
9 Ddng Xudn 97280

10 Tnjdng Oinh 96305

11 Cira Nam 9537e

Xdp
hgng ren Phuong R
rut ro
(1) (2) (3)

'f 2 Thanh Luong 9477;
13 D6i Cdn 94711
14 Phd Hu6 94566
15 Bach Mai 94503
16 HAng Budm 94244

17 L6 Dai Hdnh 93883
18 Ph0c T6n 91874
19 Trdn Hmg Deo 89940
20 Minh Khai 89887
21 Ns6 Thi NhQm 89645

22 KimMd 89030

23 Nggc Hd
24 Ph0c X6
25 Hdng Gai
26 Qu6n Th6nh

27 Di6n Bi6n
28 Giing V6
29 Hdng BAi

30 Cdu Ddn
31 Hdng Bac

32 Tr0c Bach
33 Nguy6n Du

34 QuVnh L6i
35 HAng Trdng
36 Ddng NhAn

729',16
70679
69453
69220

67942
66822
66728
ooooz
63555

Bi€n

Xdp hqng rrii ro theo phr-dnq

@Wr::I
-I.-l=: .:.1

E
-

4E

6 - 10
't1 -15
lo -zu
2't -25
ZD -JU
31 -35
JO -+U
41 -45
46 -50

Hinh 6. Bin dd phan bd d0 nhAy cim thiOt h4i vd nhd cfia vd ngudi do dgng ddt theo phudng tai c6c quAn

Ba Dinh, Hoin Kidm vd Hai Bd Tnmg, thdnh phO He NOi

rEr luAN

Nghi0n cfru ndy gidi thicu viOc 6p dung hai

thuat to6n don giin dd denh giA khi nang bi tdn

thudng do d0ng ddt cho thdnh phd Hd Noi 6 hai

r92

mrlc d0 vd pham vi kh6c nhau : mfc dQ tdng
quan cho todn thanh phd chua tinh ddn c6c ydu to

chiu riri ro vi mtc dQ chi tidt cho khu vu. c n6i

thinh c6 xet ddn hai ydu to chiu riri ro li nhd cfia
vi ngudi.



Vdi su tro gifp cta cOng cu GIS, c6c kdt qua

duo. c trinh bdy dudi dang cdc bin dd minh hoa khi
ndng bi tdn thuong vd phAn bd nhay cim thiQt hai

vdnhd crla vd ngudi ndu c6 dOng d6lt xdy ra tai thanh

phd Hd Noi. Day li nhtng bfic tranh chdm ph6 &
pham vi toin cinh vd ld nhtng drr b6o ban dAu vd

mfc d0 rlri ro mA cOng ddng do thi phii g6nh chiu

khi c6 dOng d{t xdy ra. DAy c[ng ld nhtng thOng

tin ban ddu quan trong gi(rp cho viOc quy hoach vi
quin lf r&i ro dOng dat do thi.

Do thuAt to6n cfra phuong ph6p khOng phu thuOc

dO lon vd vi tri cria ngu6n gAy chdn dOng, c6c kOt

qui d6nh gi6 rfri ro trinh bAy rrong nghiOn ciru nAy

chi mang tinh tdng quan vd b6n dinh luong. Dd co

nhiing co s& x6c thuc hon cho c6c quyOt dinh quin
l! riri ro dong d{t do thi. cAn tieh hanh d6nh gi6

dinh luong do riri ro dOng da't do thi A mfc d0 cao

hon, 6p dung phuong ph6p luar hiOn dai vd cOng

ngh0 tiOn tidn cia the gioi kct hdp v1i c6c d[ liOu

quan tr6c vi khio s6t thrJc dia tai dia bdn nghien
cfu. TrOn thuc tC', viOc nghiOn cftu ddnh gi6 dO riti
ro dOng ddt cho thanh pho He NOi dd vd dang duoc

tidn hdnh trong khuOn khd c6c dd tii nghien cfu
khoa hoc vi cOng nghO cdp thdnh phd t3, 4, 5, 61.
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SUMMARY

Assessment of seismic vulnerability for Hanoi city

The paper describes the application of two simple
methods of seismic vulnerability assessment to the
Hanoi city at two levels and scale : 1) the overall
vulnerability assessment for the entire territory of
the city, with no element at risk considered, and
2) the detail vulnerability assessment for three down-
town districts of Hanoi, with building and people
taken into account as the elements al risk.

By means of a GlS, the results are presented in

terms of the maps depicting the seismic vulnerability
and building damage-casualties risk ranking by wards
in Hanoi. These maps are the sketch panorama
forecasting the level of risk to the city community
when earthquakes occur. The assessment result
provides important information for urban planning
and urban seismic risk management in Vietnam.
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