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CRISISS99 - MOT PHVdNG PHAP DANH GIA 
A • _,< A K / 

DO NGUYHIEM DONG DAT Mdi 
TRAN TH~ MY TH~, PHAM QUANG HUNG, 

NGUYEN ANH DVdNG 

I. MO DAU 

CRISISS99 [4] Ia phan mem tinh toan xac suit 
dQ nguy hiem d9ng dit do Mario Ordaz, A. 
Aguilar, J. Arboleda vii cac nhii khoa hQc tnrong 
d~i hQc T6ng hqp Mexico (UNAM) thiinh l~p. 

CRISISS99 duqc xay dung tren hai phien ban m9t 
ch~y tren WIN vii mQt ch~y tren DOS. Hai mo hinh 
d!a chin duqc xu dung M danh gia xac suit 6 day 
Ia mo hinh n6i tie'ng Poisson (doi voi vung nguon) 
vii mo hinh d~c trung d!a chin (doi voi dfrt gay). 
Chuang trinh da vii dang dUQ'C ap dl,mg rQng rai 6 
nhieu nai tren the' gioi, d~c bi~t 6 chau Au trong 
vi~c danh gia d¢ nguy hiem d¢ng dit 6 cac thanh 
pho Ion . CRISISS99 cGng duqc siX dung trong 
nhieu du an danh gia d¢ nguy hie'm d¢ng dit 6 eac 
thanh pho ion tren the' gioi . 

6 Vi~t Nam, danh gia dQ nguy hiem d¢ng dit 
dUQ'C cac nhii dja chin quan tam nghien ClrU da dat 
duqc mQt so ke't qua nhat djnh ; tuy nhien thucmg 
chi ap d1,mg ly thuye't Cornell vii McGuire [2, 3, 5], 
con chuang trinh CRISIS99 chua duqc quan tam. 
Trong bai bao nay chung toi xin gioi thi~u phan 
mem CRISISS99 tren WIN vii ke't qua tinh thi1 

nghi~m d¢ nguy hie'm d¢ng dit khu vue mitn Bk 

II. Cd s6 LY THl.JYET VA THUAT TOAN CUA 
PHAN MEM CRISISS99 

CRISISS99 tinh d¢ nguy hiem d¢ng dit t~i m¢t 
diem xac d!nh bing each chia cac vung nguon 
thiinh cac tam giac nh6 cho toi khi d~t m¢t trong 
hai dieu ki~n sau : 

Kich ca tam giac ~ Rmin 

ho~c F 
. Khoang each trong tam tam giac - diem tinh 

mm ~ K h - . ., 1c co tam gmc 

Gia thie't c6 duy nhit m9t vung phat sinh d¢ng 
dit, xac suit M cuong d¢ chan dQng I t~i diem xay 
ra dQng dit voi khoang each chin tieu R = r, ion 
han m¢t gia tr! i bit ky nao d6 Iii : 

Mu dA. 
v (i) = f --Pr(I > iiM,R)dM 

Mo dM 
(1) 

a day M - chan cip dQng Mt, R - khoang each tir 
nguon toi diem tinh, I - tham so dn quan tam cua 
phep tinh (gia toe dao d¢ng nen, v~n toe hay cuong 
d¢ chin d(lng), A.(M) - xac suit VUQ't qua cua chiln 
dp suy ra tu quy lu~t Gutenber-Richter ho~c tu mo 
hinh d!a chan dUQ'C ap dl,lllg trong vung nghien ClrU 

Trong truong hqp c6 nhieu vung nguon, phuang 
trinh ( 1) se duqc c¢ng them vao nhG"ng xac suit M 

cuong d¢ chin d<;lng I t~i diem xily ra d<;lng Mt voi 
khoang each chin tieu R = r, ion han m¢t gia tr! i 
bat ky cua nhfrng vung nguon khac : 

Pr(l > i ! M ,R)=¢ [~lnlm(~, R)] (2) 

a day:~- ham phan phoi chuan tich luy, lm- gia trj 
trung binh cua I, cr - d¢ l~ch theo thang logarit cua i. 

III. cAc THAM SO DUNG TRONG TiNH TOAN 

1. Biw dri khu vvc nghien ciru 

CRISISS99 siX d1,mg 2 t~p hqp ban do Ia ban do 
d!a ly vii ban do v! tri eac thanh pho, khu cong 
nghi~p trong vung nghien cfru. Tuy nhien phan 
mem nay khong dung cac chfrc nang lien quan de'n 
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vi~c thao tac ban do do n6 kMng cho phep xem tat 
cii cac lo~i ban do a cling m<)t ty I~ dong nhat. 

2. Vimg nguo'n 

CRISISS99 c6 the danh gia d<) nguy hiem d¢ng 
Mt v6'i 3 ml> hinh nguon dja chan khac nhau d6 Ia : 

a) Ngu6n di~n- area : Ia nhfrng vung da giac 
hinh hQc don gian ho~c phuc t~p. C6 the dua 
nguon di~n vao chuang trinh a d~ng kit hqp voi 
to~ d¢ dja ly (kinh d¢ va vy d¢) va d¢ sa.u cua moi 
diem da gik Ti~n lqi han so voi cac phan mem 
khac nhu McGuire [5]. CRISISS99 cho phep lam 
vi~c v6'i nhfrng vung nguon c6 d¢ sau thay d6i, 
dieu d6 rat c6 ich khi chung ta phai ml> hinh hoa 
nhfrng vung nguon lien quan din doi hut chim. 

b) Ngu6n auang - fault : vung nguon duqc mo 
hinh h6a nhu m<)t duang. Dung chfrc nang nay cho 
dut gay, nguai ta luon kit hqp duqc t~i m6i diem 
to~ d<? dia ly va d¢ sau. 

c) Ngu6n aiem - point : vung nguon duqc ml> 
hinh hoa nhu m¢t diem xac djnh boi to~ d<? dja ly 
va d¢ sa.u. 

3. Mo hinh dfa chiin 

Nhu phan tren da trinh bay CRISISS99 su d\}ng 
2 mo hinh dja cha'n : mo hinh Poisson va mo hinh 
d~c trung. Nguai sir dt,mg c6 the h,ra chQn m<)t trong 
2 mo hinh cho tung vung nguo~ rieng !e. 

a) M6 hinh Poisson : cac tham s6 duqc chQn 
nhu sau: 

- Ty suit dja chin hang nam, A. : tham s6 nay kit 
hqp voi tham s6 a theo quan h~ tan suat- chin cap : 

logN(M>Mmin) = a+ bM (3) 

M6i quan h~ gifra a va A. : 

hay 

a = log(f...)+~(log 1 0( e) )Mmin 

A.= lO"[a-~(loglO(e))Mnin] 

(4) 

(5) 

- Tham s6 ~ : lien quan den b trong m6i quan 
he tan sua't - cha'n cap 

hay 

b =~ !oglO(e) 

~=b/loglO(e) 

(6) 

(7) 

- H¢ s6 bien d6i beta : h~ s6 bie'n d6i beta Ia gia 
tri d¢ l¢ch ~ chia cho gia tri trung binh 

coef. var ia(fJ) = a(f!) (8) 
fJ 
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" Chan cap Cl!C d~i Mmax cua vung nguon dang 
xem xet duqc tinh being cac phuong phap dja chan · 
va dja chat. 

- D¢ l~ch cha'n dp C\}'C d~i : tham s6 nay duqc 
tinh nhu tham s6 ~. 

- Chan cap Cl!C di;li quan sat : cMn cap cue di;li 
quan sat duqc trong ljch sir cua vung. 

-Chan cap nh6 nha't xem xet: trong moi vung nguon 
d6i voi phuong phap tinh A., ~ cua !u~t pha.n ph6i. 

b) M6 hinh afa chan a(Jc trllng : cac tham so 
nhap nhu sau : 

- Gia trj trung binh cua thai gian phan chia hai 
dja cha'n d~c trung voi M > Mo. Gia trj nay Ia 
nghjch dao cua xac suat VUQ't qua. 

- Thai gian da xay ra tr~n d¢ng dat d~c trung 
cuoi cling. 

- D¢ l~ch chan cap cua d~c trung dja chan : 

- CMn cap Cl!C tieu cua d~c trung dja chan, Mo : 
gia trj nay duqc su dt,mg nhu Ia ca.n duoi cua tich 
phan. Cac chan cap d~c trung kh6ng the nh6 han 
gia trj nay. 

- Cha'n cap cue d~i cua d~c trung dja cha'n 
duqc su dt,mg nhu Ia ca.n tren cua chan cap. Chan 
cap d~c trung khong the I on han gia tri nay. 

4. Quy Iu?t tift dfin 

CRISISS cho phep lam vi~c v6'i m<)t quy lu~t tcit 
dan rieng bi~t theo vung. Chuc nang nay rat c6 ich 
d6i voi tnrong hqp a d6 cac quy Ju~t Ia khac nhau 
doi voi nhfrng vung nguon tren m~t va doi v6'i mo 
hinh d6'i hut chim. Quy lu~t tat duqc bien d6i thanh 
cac bang gia trj so (gia toe, v~n toe, ... ). Bang nay 
c6 djnh d~mg rieng, chi ra quy lu~t tat dan cac tham 
so tinh toan theo khoang each va cMn cap (bdng 1). 

Cac tham so dung trong tinh toan c6 th~ nh~p 
cling nhu SUa chfra trlJC tie'p tren man hinh cua 
CRISISS. 

IV. BIEU DIEN KET QUA 

Ke't qua tinh d¢ nguy hiem d¢ng Mt Ia nhfrng 
gia trj gia toe nen ClJC d<;1i, ph() gia toe, V~n toe djch 
chuyen hay cuong d¢ chan d¢ng tuy theo ll!a chQn 
cua nguoi su d~:mg. cac ke't qua nay duqc bieu dien 
tren man hinh CRISISS du6'i d<;1ng cac ban do dang 
trj va ca du6'i di;lng cac file s6!i¢u nhu : 



Bdng 1. Cac gia trj d~c ·tn.tng cua quy lu~t tat dan 

Minf ...... J .... M.~~.P. ....... L. ..... r.i.~~g .. _j __ ·-·-
m •• gi~f. J ....... g~_l.l.P. ....... L ... NRAD . 

T(l) 

SA(l ,l,l) 
L) 

SA( 1,1 ,N , ( ············ :: .. : jsf\(i:,NMA 

!S:AP) , j .................................. !. G,NRf.D) 
I\~! •.••.. $.Q:(~2 J!\&f!\X(~5L __ ' 

!SA(2,K: ::: ~A(2,NMA 
SA(2,1 ,1) _1.:) ; G,l) 

SA(2,1,N 

........ RAD) 

f ..... :.:.: .................. , .:.:.: ......... , •• ,1sf\(2,NMA 

· .. . JG,NRAD) 

Minf: xac djnh gia trj nh6 nha't cua chan cap. 

M sup : gia trj qrc d~i cua chan cap. 

Nmag : s6 Uin thay d6i d¢ Ian chan cap trong 
tinh toan. 

Rinf : khoang each gan nhat dung tinh toan. 

Rsup : gia trj ct,rc d<;ti cua khoang each trong 
tinh toan. 

NRAD : s6 Ian thay d6i gia trj khoang each 
dtrQ'C tinh trong bang, khoang each nay dtrQ'C 
CRISISS tinh the6 thang logarit. 

T(J) : chu ky duqc xem xet. 

SLA(J) : dQ l~ch theo thang logarit tt,r nhi~n cua 
cac bie'n quan tam nhu gia t6c , t6c d¢, cuang d¢ 
truong chan dQng a vao chli ky J. Vi¢c sir dt,mg cac 
d¢ l~ch nay rat quan trQng trong tinh toan xac sua't. 

AM AX( f) : gia trj ct,rc d<;ti cua bien quan tam 
thich hqp : c6 m¢t kha mi.ng kh6ng dang ki du.qc 
tham gia vao eac gia trj tren AMAX(J) . 

SA(J,K ,M) : day Ia nhfrng gia trj . rna ta quan 
tam (gia t6c, v~n t6c, .. . ) d6i vai chu ky J, a khoang 
each K t<;ti diem tinh dQ nguy hiem dQng Mt d6i 
vai chan cap M. 

- file.res : chua eac tham s6 dau vao de dung 
trong qua trinh tinh toan, ke't qua xac suat vuqt qua 
d6i voi m6i diem luoi tinh va cho m6i muc gia t6c 
cho truoc. 

- fi!e.gra : file nay chua xac suat VUQ't qua cho 
m6i gia t6c t<;ti m6i diem hrai. 

- file. map : chua cac mfrc gia t6c c6 djnh cho truac 
d6i vai m6i chu ky l~p l<;ti khac nhau. Day Ia file 
dung M ve ban do drmg trj gia t6c. 

- fi!e.fue : chua xac suat VUQ't qua cho rii6i 
nguon va m6i diem cua 6 luai . 

Hinh 1. Man hinh CRISISS99 dung M nh~p s61i~u tinh toan 

183 



v. DANH GIA DO NGUY HIEM DONG DAT 
vUNG MIEN BAC BANG PHAN MEM 

CRISISS99 

Mi~n Bac Ia vung c6 d~? ho~t d~?ng dja chAn 
m~nh trong lanh th6 Vi~t Nam. Chi trong 100 nam 
glin da.y da xay ra 2 tr~n dQng dat Ion nhat nuoc ta 
vai cha.'ri dp Ms = 6,7 - 6,8 dQ Richter, Ia tr~n 
di?ng Mt Di~n Bien (1935) va dQng Mt Tuan Giao 
(24/6/1983). Nhi~u tr~n dQng Mt voi chan cap 
Ms ;:: 5,0 cling da xay ra a khu Vt,J'C nay , gan da.y 
nhat phai ke de'n tr~n dQng Mt Di~n Bien ngay 
19/2/2001 voi Ms = 5,3. Trong bai bao nay chung 

· toi ch9n vung mien Bac M thu nghi~m tinh d6 
nguy hiem dQng dat b~ng phlin mem CRISIAS99. 
M6 hlnh vung nguon va cac tham so dung trong 
tinh toan duqc ch9n nhu sau : 

1. Mo hinh nguo'n phat sinh d(jng diit 

Nhfrng ke't qua nghien c(ru quy lu~t bieu hi~n 
dQng Mt m~nh tren lanh thiS Vi~t Nam deu c6 diem 
chung Ia dQng Mt m~nh chi xay ra tren nhfrng dfrt 
gay sa.u ho~t dQng pha.n chia cac don vj du true · 
dfrt gay chinh. Nhu v~y xa.y dt,rng m6 hlnh nguon 
phat sinh dQng Mt phai duqc gan li~n voi dieu ki¢n 
kien t~o. dja chan kien t~o va di? ho~t dQng d~?ng Mt 
ciia vung. Vi¢c xac djnh cac vung nguon cho mien 
Bac nha pha.n tich tai li~u dQng dit va kie'n t~o . 

a) Danh m1,1c a¢ng a{/t 

S61i~u dQng dat phlin mien Bac Vi~t Nam duqc 
thanh l~p d11a tren vi~c t6ng hqp, kiem tra, danh 
gia cac s11 ki~n trong nhieu nguon so li¢u trong 
nti"oc va the gioi, so li¢u ljch su cling nhu nhfrng so 
li~u quan trac duqc b~ng may. Quan tr9ng nhAt Ia 
danh m1,1c dQng dat Vi~t Nam ljch su va quan sat 
(1900- 1999) do Vi~n V~t ly Dja cau, Trung ta.m 
Khoa h9c Tt,r nhien va Ccmg ngh~ Quoc gia thanh 
l~p. S6 li~u dQng Mt cua ISC (Trung ta.m Dja chan 
The gioi) tu 1917 de'n 1999, da.y Ia danh m1,1c dQng 
Mt da duqc c6ng bo d11a tren so li~u ciia h~ thOng 
dai tn,im toan du, cling duqc uu tien. 

Ngoai ra chung t6i cling tham khao them so 
li~u tlr cac trung ta.m dja chan Ja.n c~n (nhu Bac 
Kinh - Trung quoc), ho~c cac trung ta.m soli~u Ion 
tren the' giai nhu BKK (Bangkok, Thailand), BJI 

(Beijing, China), LAO ( Large Aperture Seismic 
Array, Montana, USA), ROM (Rome, Italy), NEIC 
(National Earthquake Imformation Centre, Golden, 
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Co. , USA), NElS (National Earthquake Imformation 
Service, Colorado, USA), USGS (United States 

Geologycal Survey), USCGS (United States Coast 
and Geodetic Servey) .... 

Do xu d1,1ng nhieu so li~u tu nhieu h~ thong quan 
sat khac nhau nen vi~c dong nhat magnitud ( dua ve 
mQt lo~i magnitud thong nhAt) cling duqc nghien 
cfru. Magnitud dja phuong (M) ciia Vi¢t Nam va 
magnitud song m~t ciia ISC (Ms - ISC) duqc lay lam 
chuan. DQng dat vbi magnitude M ;:: 4,5 duqc xem 
nhu c6 dQ chinh xac cao va dung de tinh tofm. 

b) Cac vCmg phat sinh a(mg aal: m<;mh 

Ttr cac ket qua danh gia kha nang phat sinh 
dQng Mt dt,ra tren m6i lien quan cua n6 voi d;:tc 
diem dieu ki~n kie'n t~o [6, 7] chung t6i xac djnh 9 
vung phat sinh dQng dat m~nh tren mien Bac (hlnh 

2). M6i vung nguon gan lien v6'i mQt dfrt gay sa.u 

va duqc coi Ja nguon di~n v6'i cac tMng so dja chan 

cua chung dtt<;IC H(y nhu sau : 

1J:'~~ .jf . ~~U.f S::.•Li: 

~. ::: !: ~~b<j},;)t""N~ 
f ·) 11 . ~~~"& Tt 

c:l "~""'f"l\f$o lll•cW 

Hz'nh 2. cac vung nguon phat sinh dQng dat m~nh 

- Be rQng cua cac vung nguon dU<;IC Jay xa.'p XI 
10 km ve hai phia cua cac dfrt gay xac djnh. 

- DQ nghieng do thj l~p l~i dQng ctat (h¢ so b) 
du<;~c H(y rieng cho tll'ng vung nguon. 



- Gia trj magnitud clfc di;ii, d¢ sau chan tieu 
duqc Jay theo cac ke't qua nghien c(ru ve cac dieu 

ki~n dja chan kie'n ti;lo ciia tung nguon. 

- Toe d¢ hoi;lt d¢ng d<)ng ctat voi magnitud M ~ 
4,5 tinh cho tung vung. Rieng doi voi vung nguon 
Yen Bien (vung 8) duqc xac djnh theo phucmg phap 
ngoi;ii suy dja chan, duqc gan b~ng vung nguon 

Cao B~ng - Tien Yen. 

Cac vung nguon va nhfrng th6ng so ca ban cua 
chung duqcghi a bdng 2. 

2. Phuong trinh tift dfin dao d9ng nen 

Yi~t Nam cho toi nay chua c6 so li~u quan trac 
gia toe dao d('>ng nen phl;IC Vl;l cho Vi~c tfnh d<) 
nguy hi~m d('>ng ctat. Yi~c chQn m('>t c6ng thfrc nao 
d6 tren the' gioi c6 the ap dt,mg cho Yi~t Nan Ia van 
de kh6 khan bai gia t6c nen (A) Ia di;li lu<;mg mang 
d~m tinh dja phuang, tinh khu VlfC. Tuy nhien tren 
the' gioi cilng da c6 nhieu ke't qua nghien cfru gia 
toe nen A trung binh toan cau. Trong bao cao nay 
chung t6i su dung c6ng thfrc tinh A do Cambell, 
1997 t 1] dua ra dlfa tren cac s6 li~u toan cau. 

Bdng 2. Thong so Cd ban cua cac vung nguon phat sinh dc?ng dat m'!'nh mien Bile Vi~t Nam 

Yung nguon 

Cao B~ng - Tien Yen 
D6ng Trieu 
S6ng L6 
S6ng Hong - S6ng Chay 
S6ngDa. 
S6ng Ma - Scm La 
S6ng Ca - Rao N~y 
Yen Bien 
Muong Te 

Ln(AH) = -3 ,512 + 0,904M- 1,328Ln x 

x ~R2 +[0,149exp(0,647M] 2 + 

+ (1 ,125 -O,II2Ln(R)- 0,0957M)F + 

Min 

4,5 
4,5 
4,5 
4,5 
4 ,5 
4,5 
4,5 
4,5 
4,5 

+ [0,440-0,!71Ln(R)]SsR + (3) 

+ (0,405 - 0,222Ln(R )]S HR 

trong d6 AH duqc tinh theo dan vj g (g = 981 cm/s\ 
R - khoang each chan tam, F - h~ so dfrt gii.y (F = 0 
d6i voi dtrt giiy truqt bfmg, F = 1 d6i voi dtrt giiy 
nghjch), SsR va SHR- cac h~ s6 nen dat : SsR = SHR = 0 
d6i voi tram tich ho~c ctat mem rai, SsR = 1 va SHR = 0 
doi voi da nua cfrng, SsR = 0 va SHR = 1 doi voi da goc. 

Day Ia c6ng thfrc moi nhat cho toan cau, da phan 
chia chi tie't nhieu truang hqp nhu anh huang ciia ca 
cau chan tieu , anh huang ciia dieu ki~n nen d1li 

Chan ca~ 
H b Toed¢ 

Max 

6,0 17 0,877 0,03 
6,0 15 0,877 0,08 
5,5 15 0,877 0,1 
6,0 15 0,877 0,36 
5,5 12 0,814 0,7 
6,8 25 0,814 0,4 
6,2 l7 0,877 0,34 
6,0 17 0,877 0,03 
5,5 12 0,814 0,01 

tuye'n 18.0 Mn 24.0 va tu kinh tuye'n 102.0 Mn 
108.0 duqc chia theo luoi khao sat, m6i diem each 
nhau 0.1 d¢. Tlr hinh 3 Mn hinh 5 Ia ban do PGA 
mien Bac frng voi cac chu ky 200, 475 va 1.000 nam. 

3. Ket qua tinh to:in d9 nguy hi6n d9ng dat 

Nhu tren da trinh bay, a day chung t6i ap dt,mg 
chuang trinh CRISISS tinh d¢ nguy hiem d¢ng ctat 
vung mien Bac frng voi cac chu ky 200 nam, 475 
nam va 1.000 nam. Yung mien Bac Yi~t Nam tu vy Hinh 3. Ban do PGA mien Biic chu ky 200 nam (cm/s

2
) 
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Hinh 4 . Ban do PGA mien Bac chu ky 500 nam (cm/s2
) 

Hinh 5. Ban do PGA mien B~c chu ky 1.000 nam ( cm/s
2

) 

KETLU!N 

CRISISS99 Ia phan mem tinh toan xac suit d\) 
nguy hiem d\)ng dit thu~n lqi cho nguoi si'r d1,1ng va 
c6 nhieu uu vi~t. Chua ng trinh c6 kha nang tlnh d\> 
nguy hiem d\)ng dit cho cac vung c6 200 vung 
nguon phat sinh d\>ng ctat va moi vung c6 the chia ra 
40 vung nho han. Chuang trinh cho phep llfa ch9n 
15 phua ng trinh t~t dan trong m6i Jan tinh, trong khi 
voi EQRISK chi c6 the Ia 1. Chuang trinh c6 kha 
nang cho ke't qua gom 20 mfrc gia tr j PGA. 

CRISISS99 hoan toan c6 the ap d1,1ng tinh d¢ 
nguy hiem d¢ng Mt lanh th6 Vi~t Nam, tuy nhien 
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clln Juu y khi ch911 cac phuang trinh tat dlln cling 

nhu cac tham s6 khitirih toan. 0 nhfrng nai c6 d\) 
ho::tt d\)ng d\>ng dit cao va c6 . nhieu c6ng trinh 
quan tr9ng, khi tinh dQ nguy hiem d\>ng Mt c6 the 
tinh voi cac phan mem khac nfra de c6 the dua ra 
nhfrng ke't qua xac dang. 
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SUMMARY 

CRISISS99- The Program to calculate the seismic 
hazard in any part of the world 

CRISISS99 compute the seismic hazard using 
a probability model to consider the occurrence and 
distribution of earthquake, and uses the seismicity 
in sources to estimate with attenuation laws the 
decay with distance of the ground motion from the 
soure to a site. This paper introduces the program 
CRISISS99 and its apply for seismic hazard 
assessment in Northern part of VietNam. The PGA 
maps for 200, 475 and 1000 years of the Northern 
part of VietNam are presented . 
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