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DANH GIA KHA NANG BI TON THUONG
DO PONG DAT CHO THANH PHO HA NOI

NGUYEN HONG PHUONG, PHAM THE TRUYEN

I. M3 DAU

Qua trinh d6 thi ho4 dang dién ra v6i tdc do
nhanh tai cic thanh ph6 1on khién cho véin dé quén
1y do thi ngdy cang trd nén phirc tap va nan giai. Su
bing nd dan s6 va cac hoat dong kinh t& xi hoi
khong nhitng doi hdi sy nang c4p va phat trién cla
hé¢ théng ha téng co s&, con cd su md rong do thi vé
mat khong gian dia ly. He qua t4t yéu clia viéc ny
12 cong déng do thi phdi chiu dung nhitng sitc ép
ngdy cang 16n tir phia moi truong, trong d6 c6 ci
nhitng m6i de doa tiém &n trong thién nhien.

boi voi Ha Noi, mot thanh phé ndm trén déi dirt
gly hoat dong Song Hong va trong ving dong dat
cdp 8, dong dat duge xem 14 mot mai hi€m hoa kha
hién hitu. V&1 mat do dan s6 ddy dic tai khu vuc cic
quan noi thanh va t6c do phat tri€n 6 at nhu hién
nay, dic bi¢t 1a trong linh vuc xay dung, Ha Noi ¢6
thé s& phai chiu thiét hai dang k€ vé& ngudi va nha
clra néu dong dat xdy ra. Thuc t& 13, Ha Noi di timg
bi rung dong bdi mot loat cic tran dong dat trong
qué kht, Cac tran dong dat lich st 1277, 1278 va
1285 ghi lai trong sit sach dugc danh gié 13 c6 cap
do manh tuong duong voi cdp 7 va cdp 7-8. Ciing
theo cac tai lieu quan trac bdng may clia mang lu6i
tram dja chén Viét Nam va qudc t& ; cAc tdi ligu diéu
tra thue dia, cic tai liéu lich s, cho dén nay, di cb
hang tram tran dong d4t dugc ghi nhan trén ving Ha
Noi va lan can, trong d6 dang k& nhat 13 cc tran
dong d4t nam 1958 & Vinh Phiic (M = 5,3) va dong
d4t ndm 1961 & Tan Yén, Bic Giang (M = 5,6).

Bai viét ndy trinh bdy viec ap dung cong nghé
GIS d€ danh gia kha nang bi tén thurong do dong dat
cho thanh ph6 Ha Noi. Kha nang bi tdn thwong do
dong dét (Seismic vulnerability) trong nghién ciru
ndy dirge hi€u nhu khé nang mét mat hay kha nang
(tng pho clia conngudi khi bi dit trudce tinh thé nguy
hiém ciia tai bién dong d4t. Hai thuat toan dwoc ap
dung d€ danh gia tén thuong & hai mirc 4o khac

nhau. Thuat toin thir nhdt cho phép danh gia téng
quan kha nang bi tén thuong cho toan bo thanh phd
Ha Noi dya trén cic két qua nghién cttu vé kha ning
rung dong nén va kha ning phé huy nén do dong dit.
Thuat toan thir hai sit dung cac dit lieu vé& nha ciza,
dan s va diéu kién nén dét d€ danh gi4 kha nang
bj tén thwong & mirc do chi ti€t toi cap phudng tai
mot s6 quan noi thanh clia thanh phs Ha Noi.

I1. KHA NANG BI TON THUONG DO
DPONG DAT CUA MOT KHU VUC BO THI

Cho dén nay, cic nguyén 1y co ban clia quy
trinh d4du tranh voi cic dang thitc thien tai khac
nhau di duogc hinh thanh & hdu khip cic qudc gia
trén the gioi. Trong Iinh vuc nghién ciru dong dt,
cac phuong phép luin danh gia rdi ro va gidm nhe
thiét hai cho mot khu vuc do thi duge xay dung
dya trén ba khai ni¢ém co bén va quan trong bao
gbm : d6 nguy hi€m, do nhay cdm thiét hai va do
ri ro dong dat.

1. Po nguy hiém dong dat

Do nguy hiém dong d4t 14 x4c sust xuat hién cla
mot chdn dong do dong dat gay ra tai mot ving cho
trude trong mot khodng thoi gian cho trude. Chan
dong dia chin c6 thé do bing cudng do theo thang
c4p do manh, bién do rung dong nén hay cic tham
s6khac st dung trong thiét k& x4y dung khang chan.

2. Do nhay cim thiét hai

D6 nhay cam thiét hai do dong d4t, con goi 1a
diém yéu, ciing chinh 12 kha nang bj tén thuong do
dong dét dd dugc dinh nghia & trén. L4y vi du cho
thanh phé Ha Noi, day 1a nguy co cong déng do thi
chia thanh phd Ha Noi s& phéi chiu nhitng thiet hai
vé vat chét va tinh thin do dong dat gay ra. Kha
nang bi tén thuong 14 dai lugng khong phu thudc
vao don vi tién te, va thuong dugc xét twong (g
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voi mbi mot yéu 16 chiu riii ro. 3 day cic yéu 8 chiu
i ro duge hidu 13 t4t cd cac d6i twong c6 mat trén
khu vuc nghién ciru, bao gém ca nhitng ddi trong
truc tiép clia dong dat nhu nha cira, de diéu va cac
he thong giao thong, thong tin lién lac, hay gian tiép
nhu nhimg t6n that vé kinh t&€ hay xa hoi.

3. P¢ riii ro dong dit

Do i ro dong dat 13 x4c sudt xdy ra nhing t6n
th4t vé kinh t& x4 hoi do dong d4t gay ra tai mot kKhu
vue cho trudc, trong motkhoédng thdi gian cho trude.

Do rli ro dong d4t, do nguy hiém dong dat, kha
nang bi tdn thuong va yéu t6 chiu rii ro lien hé véi
nhau bdi biéu thirc :

R=HYEY, 1y

& day E - yéu t6 chiu rdi ro, V - kha nang bi tén
thuong, bidu thi s6 do cla nhiing tén that thanh
phén, H - 46 nguy hi€m dong dét. Chi s6 i biéu thi
loai yéu (6 chiu i ro.

IIL. DANH GIA TONG THE KHA NANG BI
TON THUONG DO DONG DAT
CHO THANH PHO HA NOI
1. Phuong phap va di liéu sirdung

Viec danh gi4 tdng th€ kha nang bi tén thuong do
dong d4t cho thanh phd Ha Noi chl yéu dua trén hai
yéu t6 : khd niang rung dong nén va kha nang hoa
16ng nén d4t khi c6 dong d4t manh x4y ra. Kha ning
truot 1& nén dugc loai bd vi phin 16n dién tich thanh
pho Ha Noi, trir mot dia phan nhd & huyén Soc Son,
c6 dia hinh bang phing va khong gy nguy co thiet
hai khi c6 dong dt [3].

P& biéu thi kha ning rung dong nén, cc gia tri
c4p chin dong I duge khai thac tit ban d6 phan ving
nhé dong dit cho thanh phd Ha Noi tj le 1:25000
duoc s6 hoa va cong bd gin day nhat [4, 6]. Tren
ban d6 ndy, ranh giti cic ving chan dong c6 chan
cdp tr 6 dén 8-9 theo thang MSK-64 da dugc xac
dinh (hink 1).

Kha niing hoa 16ng nén dugc khai thic tir hai ban
d6 di cong bS. Ban d6 thir nhat duge xay dung trén
co s& xac dinh hé s6 an toan cho ting loai nén theo
cong thic [6] :

Fs = T/t @

trong d6 : Fs- hé s6 an todn, 1, - luc khang cit, e -
(g suit cit tudn hoan.
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Trang thai hoé 16ng nén duoc xéac dinh bdi gia
tri ctia hé s& an toan theo quy tic sau :

a) Khong hoa 16ng khi Fs> 2,0,

b) Hoa 16ng khong chéc chén khi 1,5 < Fs< 2,0,

c) Hoa 1dng c6 th€ x4y ra khi 1,0 <Fs< 1,5,

d) Hoa 16ng héu nhu chic chian khi Fs< 1,0.

Bin d6 thit hai minh hoa trén hink 2, x4y dung
bing phuong phip téng hop dia chat - GIS - xac sudt
thong ke, theo d6 xac suat hoa 16ng nén tinh theo
cong thire [3] :

Py, (PGA = a).P,,

- Ky Ky

HL 3
trong d6 : Py, - x4c sudt ho 1dng nén c6 diéu kien
g v&i mot cdp do nhay cdm cho trudc va mot gia
tri gia t6c cuc dai nén cho trude, Ky, - he s6 higu
chinh theo magnitud, Ky - hé s& hiéu chinh theo diéu
kien muc nudc ngdm, P, - ty 1é clia don vi ban d6
nhay cdm d6i v6i hién twong hoa 16ng nén.

M6i trong quan giita x4c sudt hoa 1dng nén co
diéu kién va gia t6c cuc dai nén theo phuong nim
ngang (PGA) duoc xé4c dinh cho cac cdp do nhay
cam ho4 1dng nén trong bdng 1. M&i tuong quan
nay dugc xac dinh trén co s& thuc nghiem va mo
hinh théng ke cac s0 liéu quan tric cia Liao va céc
cong su (1988) nghién ctru cic dac tinh khing
xuyén tiéu bi€u cho méi c4p do nhay cdm ho4 16ng
nén [2].

Bdng 1. M8l tuong quan giira xac suit cé diéu kién
va cap do nhay cam hod Iong nén

Cdp d6 nhay cdm Pu (PGA = a)
R4t cao 0<9,09a-0,82<1,0
Cao 0<7,67a-092<1,0
Trung binh 0<£6,672a-1,0<1,0
Thap 0<5,57a-1,18<1,0
Rat thdp 0<4,16a-1,08<1,0
Khong 0,0

Céc ban dé chuyen dé bi€u thi kha nang rung
dong nén va kha ning hoa 1dng nén dugc sit dung
d€ xay dung ban dé kha ning tdn thuong do dong
dat cho toan bo thanh phd Ha Noi. Trong s6 hai
ban dé hoa 16ng nén, ban dé thir nhat duge sit dung
lam ngudn dit lieu chinh, con ban d6 thi hai ding
d& hiéu chinh cho cic khu vuc khong ¢6 s6 ligu trén
dia ban thanh phd Ha Noi.
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Hinh 1. Ban d6 phan vang nhd dong dat thanh phé Ha Noi [4, 6]

2. Danh gid khi ning bi ton thuong

S dung cong cu phan tich khong gian cia
phdn mém ArcView GIS, cic ban dé chuyén dé
chuyén déi vé khuon dang raster. Tiép d6, phuong
phap dai s6 ban d6 dugc ap dung d& x&t 1y cic l16p
thong tin chuyén dé. Ban dé két qui duoc xay
dung c6 khuon dang raster, voi mdi diém trén ban
d6 duge xac dinh bdi mot gia tri cia He s6 t6n
thuong Krr, duge tinh theo cong thirc sau :

K = I*Ky €5}

trong d6 I - cdp chan dong do dong dit, 14y tir ban
d6 phan viing nhod dong dat va co gia tri dao dong
trong khodng tir 6 dén 8,5 theo thang MSK-64, Ky, -

chi s6 hoa 16ng 14y tir cac ban d6 ho 16ng nén. Gia
tri cla Kp;, dugc xé4c dinh nhu sau
K,y = 1 khi diéu kién nén 13 khong hoa 1dng,
Ky = 2 khi diéu kién nén 14 c6 thé hoa 1dng,
K. = 3 khi diéu kién nén 12 chic chén hoa 16ng.
Bin d6 khé nang bi t6n thuong do dong dat cla
thanh phé Ha Noi dugc minh hoa trén hinh 3 cho
thdy cac ving c6 kha nang bi t6n thuong cao nhat
tap trung doc theo séng Hong, chiém phan 16n dia
ban huyén Gia LAm va mot s6 khu vuc nhd hon trén
dia ban cic huyén Dong Anh va Thanh Tri.

Khu vuc noi thanh Ha Noi ¢6 khd nang bi tén
thurong tir trung binh dén cao. Kha nang bi t6n thuong
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trong d6 Kxp(i) - hé s6 khuéch dai rung dong cho nén
loai i, Swx (i, j) - tong dién tich cac khdi nha c6 cing
logi ket cdu j ndm trén nén loai £, Iy (j) - trong s6 x&p
hang nha clra theo mirc d¢ t6n thuong g voi ket cau
loai j va D - mat do dan s6 tai méi phuong.

Khu vue nghién ciru duge chon bao gdm ba quan
Ba Dinh, Hoan Ki¢m va Hai Ba Trung thuoc noi
thanh Ha Noi. Cic dit lieu vé dong dat, dia chit
cong trinh va x4y dung cong trinh dugc khai thac
tir co s& dit lieu GIS téng hop clia thanh ph6 Ha
Noi, di thanh 1ap trong khuon khé cla hai dé tai
nghién clru vé rli ro dong dat cho thanh phd Ha
Noi [3, 5]. Céac 16p thong tin d6 hoa chuyén dé
duoc st dung bao gém :

a) Ban d6 hanh chinh khu vuc nghién ciru chtra
cac thong tin vé ranh giéi hanh chinh va dan s6 véi
do chi tiét toi cap phudng ;

b) Bdn d6 phan loai nén d4t cho ba quan Ba Dinh,
Hoan Ki€m va Hai Ba Trung (hink 4) xay dung
theo tiéu chuén phan loai clia MY§ dua trén cac gia
tri van t6c truyén séng ngang hoic theo cic chi
tieu co ly dat [3] ;

c) Ban d6 phan loai nha cira theo keét c4u tai ba
quan Ba Dinh, Hoan Ki€m va Hai Ba Trung (hinh 5)
x@y dung trén co sd khdo sat thuc dia va d6i sanh
v&i tieu chudn phan loai nha cita ciia Cuc quén 1y
cic tinh trang khén cdp lien bang My (FEMA). Trén
ban d6 ndy minh hoa céc khdi nha c6 cing loai két
cdu c6 mit trén dia ban ba quin nghién ctru ciing
cac thong tin thugc tinh c6 lién quan khac, trong
do6 quan trong nhat 14 dit lieu vé do cao cong trinh
va dién tich st dung [5].

Tir ban d6 phan loai nén dét, co thé thdy tren
dia ban khu vuc nghién ctru phd bién chii yéu ba

Hinh 3.—

Bén d6 kha nang bi tén thuong do
dong dat thanh phd Ha Noi

o D6 nhay cadm rdi ro
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trong d6 Kxp(i) - hé s6 khuéch dai rung dong cho nén
loai i, Sy (i, ) - tdng dien tich cic khdi nha ¢ cing
loai két cau j nim trén nén loai i, Iy () - trong s6 x&p
hang nha cita theo mrc d¢ tén thuong ting voi ket cdu
loai j vd D - mat d6 dan s tai méi phudng.

Khu vye nghién ciu duge chon bao gém ba quan
Ba Dinh, Hoan Kiém va Hai B Trung thuoc noi
thanh Ha Noi. Cac dit lieu vé dong dit, dia chat
cong trinh va xay dung cong trinh dugc khai thic
tir co g dit lieu GIS tdng hop clia thanh phé Ha
Noi, di thanh 1ap trong khuon khé cla hai dé tij
nghién ciru vé rli ro dong dat cho thanh ph6 Ha
Noi [3, 5]. Cac 16p thong tin d6 hoa chuyen dé
duge st dung bao gbém :

a) Ban d6 hanh chinh khu vuc nghién ciru chira
cac thong tin v€ ranh gidi hanh chinh va dan s voi
do chi tiét toi cap phudng ;

b) Ban d6 phan loai nén dét cho ba quan Ba Dinh,
Hoan Kiém va Hai Ba Trung (hinh 4) xay dung
theo tieu chudn phan loai cia My dua trén cic gia
tri van téc truyén soéng ngang hoic theo cac chi
tieu co 1y dat [3] ;

c) Ban d6 phan loai nha cira theo ket c4u tai ba
quan Ba Dinh, Hoan Ki¢m va Hai Ba Tnung (hinh 5)
Xy dung trén co s khdo st thuc dia va d6i sanh
vi tieu chudn phén loai nha cira clia Cuc quan 1y
céc tinh trang khén c4p lién bang My (FEMA). Trén
ban d6 nay minh hoa céc khéi nha c6 cing loai két
cdu c6 mat trén dia ban ba quan nghién ctru cing
cac thong tin thudc tinh c6 lien quan khac, trong
d6 quan trong nht 1a dit lieu vé do cao cong trinh
va dién tich str dung [5].

Tir ban d6 phan loai nén d4t, c6 thé thdy tren
dia ban khu vyc nghién ctru phd bién chii yéu ba
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Hinh 3. —

Ban d6 khé nang bi tén thuong do
dong dat thanh phé Ha Noi
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Bdng 4. X&p hang rilii ro theo phudng tai cac quan bdng 4 (tiép theo)
Ba Dinh, Hoan Kiém va Hai Ba Trung

- = (1) (2) (3) (1) (2) (3)
Xép Xép — = ===
hang TenPhuong R hang TenPhuong R 23 Ngoc Ha 86855 37 Bach Khoa 72916
uIlro o 24 Phuc Xa 86021 38 HangBd 70679
Mm@ @ M @ 3 25 Hang Gai 85729 39 Hang Béng 69453
1 Céng Vi 164155 12 Thanh Luong 94777 26 Quan Thanh 79140 40 Cira bong 69220
2 Ngoc Khanh 140093 13 Boi Can 94711 27 Dién Bién 77892 41 Nguyén T.Tnrc 67942
3 Vinh Tuy 137646 14 Pho Hué 94566 28 Giang Vo 77178 42 Hang Bao 66822
4 Thanh Nhan 136712 15 Bach Mai 94503 29 Hang Bai 76987 43 BUi ThiXuan 66728
5 Chuong Duong 134878 16 Hang Budm 94244 30 Cau Dén 76933 44 Hang Ma 66662
6 ThanhCong 127104 17 LéDaiHanh  o93ss3 31 HangBac GELEZ g LBy M SR
7 Bach Bang 108380 18 Phuc Tan 91874 32 Trdc Bach 75546 46 Ly Thai T8 62758
8 Quynh Mai 97281 19 Tran Hung Bao 89940 33 Nguyén Du 75307 47 Déng Méc 60194
9 Dong Xuan 97280 20 Minh Khai 89887 34 Quynh Lo 74852 48 Trang Tién 57355
10 Truong Binh 96305 21 Ng6 ThiNham 89645 35 Hang Tréng 74084 49 PhamBinh H6 41037
11 Clia Nam 05378 22 Kim Ma 89030 36 Dong Nhan 73850 50 Dbong Tam 8533

Hinh 6. Ban d6 phan b6 do nhay cm thiét hai vé nha ctra va nguoi do dong dét theo phudng tai cac quan
Ba Dinh, Hoan Ki€m va Hai Ba Trung, thanh phd Ha Noi

KET LUAN mirc d6 va pham vi khac nhau : mac do tong

quan cho toan thanh phé chua tinh dén cac yéu 6

Nghién ciru niy gidi thiéu viéc ap dung hai  chju rii ro va mirc do chi ti€t cho khu vuc noi

thuat toan don gidn d€ danh gia khd nang bi tdn  thanh c6 xét dén hai yéu t6 chiu rii ro 12 nha cla
thuong do dong d4t cho thanh phé Ha Noi hai v ngudi.

192



Vi su tro gitp clia cong cu GIS, cic két qua
duoc trinh bdy duéi dang cic ban d6 minh hoa kha
nang bi tén thwong va phan bd nhay cam thiét hai
vénha cira va ngudi néu c6 dong dat xdy ra tai thanh
phd Ha Noi. Pay 1 nhimg birc tranh chdm phé &
pham vi toan cénh va 12 nhimg du bao ban ddu vé
mirc do rlii ro ma cong déng do thi phai ganh chiu
khi co6 dong dat xdy ra. Pay cling 1a nhimg thong
tin ban ddu quan trong gilip cho viéc quy hoach va
quan 1y rii ro dong dat do thi.

Do thuat toan cfia phuong phap khong phu thuoc
d6 16n va vi tri clia ngudn gay chén dong, cac ket
qua danh gia rui ro trinh bdy trong nghién ctu ndy
chi mang tinh t8ng quan va ban dinh luong. D€ c6
nhifng co s xac thuc hon cho cac quyét dinh quéan
1y rii ro dong ddt do thi, cdn tién hanh danh gid
dinh lwong do rli ro dong ddt do thi & mirc do cao
hon, 4p dung phuong phép luan hién dai va cong
nghe tién tién cla the gidi ket hop voi cac di ligu
quan tric va khéo sat thuc dia tai dia ban nghién
ctru. Trén thuc t€, viec nghién ctu danh gia do rui
ro déng dét cho thanh pho Ha Noi da va dang dugc
tién hanh trong khuon khé cic dé tai nghién clru
khoa hoc va cong nghé cép thanh phd [3, 4, 5, 6].
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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 at risk.

By means of a GIS, 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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