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Tap chi CAC KHOA HOC VE TRAI DAT

12-2000

CHE PO PIA CHAN VA PONG DAT CUC DAI
PGI DUT GAY SONG HONG

MO PAU

Doi dirt gAy Song Héng kéo dai khoang 1.000
km tr Van Nam (Trung Quoc) dén Bién Dong
(Viet Nam), phdn trén linh thd Viét Nam bét ddu
tir bién giéi Viet Trung chay doc theo Song Héng
va Song Chdy, gdm hai dit gdy chinh 1a dit giy
Song Héng va dat gdy Song Chay. Dit gy Song
Héng 12 mot trong nhing dirt gdy 16n & khu vuc,
c6 do sau xuyen vo Trai D4t va 14 gidi han tdy nam
chia nén Nam Trung Hoa ; 13 noi c6 lich sir hoat
dong dia chat manh, lau dai, di dién ra cic qua
trinh dia chit va di xdy ra nhiéu tran dong dat
manh. Thi d6 Ha Noi ciing nhu nhiéu thanh phé
dong dan khac nhu Viet Tri, Hdi Duong, Hai
Phong, thi xd Lio Cai déu ndm trong d&i diat gdy
ndy va déu c6 nguy hiém vé dong dat. Do vay viec
nghién ciru ch€ do dia chan va dong dat cuc dai d6i
dat gdy Song Héng 13 mot cong viec can thiét.

Trén co s& danh muc dong dat (bdng 1) thu
thap dugc qua cic tran dong d4t di x4y ra trong
ddi diat gdy Song Héng theo tai ligu lich s, theo
cac chuyén diéu tra dpng dat va theo s6 liéu quan
sat clia mang ludi tram dong dat Viet Nam, ching
t6i dd nghién ciru ch€ do dia chdn déi dat gdy Song
Héng va ciac khu vuc lan can, phat hién cic quy
luat phan b6 khong - thoi gian, quy luat 1ap lai
dong dat va giai phong nang luong trong quéa khir
v 4p dung cic phuong phap dinh lugng d€ xac
dinh dai lugng dong dat cuc dai c6 kha nang trong
déi dit gy Song Héng.

I. DANH MUC DONG DAT
1. Theo tai liéu ghi chép trong lich st
Thit d6 Ha Noi nim trong doi dong dat Song
Héng, noi dd timg tap trung bo may hanh chinh
clia nudc Viet Nam tir thoi xa xua va ciing 12 tap
trung nhiéu nha viét si qua nhiéu thdi dai. Chinh

NGUYEN NGOC THUY, PHAM QUANG HUNG

vi vay nhiing tran dong dat xdy ra & khu vuc Ha
Noi va lan can dd dugc sit sach ghi nhan tir thé ky
thir 13. Dang cha ¥ nh4t 12 ba tran dong d4t xdy ra
nam 1277, 1278 va 1285 vdi cudng do chdn dong
cdp 6, cdp 7-8 va cdp 7-8 tuong img dua trén cic
d4u hiéu biéu hién trén mat dat clia ching, di xac
dinh chén cip, cuong do chan dong ctia cic tran
dong dat noi trén (bang 1).

2. Quan tric bing may va diéu tra thuc dia

S6 lieu vé cac tran dong d4t di x4y ra trong déi
dit giy Song Hong tir nam 1900 dén nay chd yéu
12 bing khdo sit thuc dia va bing he théng tram
dia chan Viét Nam. Giai doan tir 1900 d&n 1965 da
thu thap dugc cic tran dong dat c6 cudng do chan
dong I > 5 (theo thang MSK-64).

Trong cac nim 1965-1975 nho thiét lap dugc
mang lugi tram dia chan & mién Bic Viet Nam nén
mic dai dién cha dong dat ting len M > 4. Sau nam
1976, mang lu6i dai tram dia chan lai dugc tang
cudng thém, nhd d6 mic dai dién ciua dong dat
nang len M > 3. Tir ndm 1990 nhd c6 mang ludi
tram dong dat chu ky ngin thiét 1ap xung quanh Ha
Noi nén mirc dai dién clia dong dat ting 12n 1o ret,
nhiéu tran dong dat c6 M < 2 ciing duogc ghi nhan &
khu vuc doc dai dit gy Song Héng (hinh 1).

Ciac tran dong dat manh va cam thdy ciing da
duoc khao sit chi tiét bing cic chuyén thuc dia
nhim xac dinh so d6 duéng dang chén, thong qua
d6 d4nh gia vj tri chan tam va do sau chan tiéu cia
dong dat. Hink 2 13 so d6 duong dang chan cla
tran dong dat Luc Yen 1954 c6 chan cap M = 5.3.

II. CAC DAC TRUNG CUA CHE PO DIA CHAN
1. Do siu chin tiéu

Trén hinh 3. trinh bay mat cét chan tiéu cia cac
tran dong d4t trong doi diat Song Hong sudt tir
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Bdng . Danh muc dong dat doi dit gdy Song Hong
(dén hét nam 1999, '
pham vi : 103.00-106.50, 20.00-23.00)

Badng 1 (tiép theo)

. Thoi gian phat sinh Chan tam g,
T g 22 o2 2z V9 Kinh s
T 2EZz B &G d d
e 3 A
11277 5 2 21.00 105.85 15
2 1278 822 2 21.00 105.85 10
31285 9 24 21.00 105.85 10
4 1910 20.42 106.30 22
B0 Ziaays 12 20.17 106.00 15
6 1915 6 15 20.66 105.92 15
1018 e 24 22.50 104.00 15
81920 1 15 22.08 104.75 15
9 1923 20.15 106.05 16
10 1925 2 22.25 104.50 15
111928 19 2 21.42 105.17 15
121930 8 21 20.66 106.17 15
131931 5 3 447 20.80 105.70
14193110 21 21.90 104.66 20
15 1931 10 22.08 104.75 15
16 1934 21 3 20.66 105.66 15
17 1935 10 20.42 106.50 15
18 1936 15 20.42 106.17 15
191936 110 21.25 105.25 15
20 1937 20 21.25 105.25 15
211939 20.50 105.90 15
221939 4 18 21.90 104.66 15
231939 4 24 21.90 104.66 15
24194210 3 22.17 104.33 15
25 1943 20.57 106.00 15

26 1943 810 856
27 1944 10 5

28 1945

29 1945 5

30 1947 23

311948 16

321952 7 1

33 1953 6

341953 7

35195411156 6

361955 6

37 1956 6

38 1958 6 15

391958 920 517 20.00
40 1961 10 3

411961 12

421963 922102
431973 722 76
441976 92021 46 28.60
451977 112 945

338

22.17 104.17 15
21.90 104.83 15
21.83 104.90 15
22.24 104.25 15
21.57 105.00 15

21.83 104.90 15
21.83 104.90 15
22.08 104.75 7
22.08 104.57 18
22.08 104.75 14

21.66 105.17 15
22.08 104.75 15
22.08 104.57 17
21..25105.50 20
22.08 104.75 15

21.90 104.90 22
21.00 105.80 15
22.84 103.72 15
20.85 105.51 15
21.80 105.02 15
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46 1977
47 1977
48 1977
49 1978
50 1979

51 1981
52 1984
53 1985
54 1987
55 1990

56 1991
57 1991
581992
59 1992
60 1993

228 1641

413 93457.30
414 5 32140
26543591 3136829:20
8 2 162558.80

723 12928.00
428

521 18 34 27.60
714 1118 24.00
525 20 850.10

1113 35341.80
1113 16 34 53.10
1029 0372530
1029 037 25.10
721 14 923.90

61 1993 10 23 10 58 37.40

62 1994
63 1995
64 1995
65 1995

66 1995
67 1996
68 1996
69 1996
70 1996

71 1996
72 1996
73 1996
74 1996
75 1996

76 1996
77 1996
78 1996

12 31
8 2 41
6 26 11 47 38.80
101 031

12 112 516.80
2 919 8 560
3 4 9581040
319 054 050
320~ 751 580

327 8581470
420 54057.70
422 233519.90
4 27 1057 22.80
628 2229 260

826 75339.24
827 20 11 20.87
930 73936.00

9 57 46.80

791996 10 4
80 1996 10 21

811996 10 21
82 1996 10 23
83 1996 11 20
84 1996 12 3
85199612 5

86 1996 12 19
871997 1 3
88 1997 11
89 1997
90 1997

91 1997
92 1997
93 1997
94 1997
95 1997

WWw NN =
O b w

422
526
528

8 02336
4 021.40

8 18 49.40
7 59 43.98
8 52 38.85
8 49 47.20
7 56 13.80

7 2522.88
0 247.70
8224210
75948.70
5 93170

75948.70
19 52 19.80
11 43 50.60
10 747.07
16 57 36.70

19.70 106.40 20
22.80 103.68 5
22.48 104.21 15
22.55 104.05 2
20.77 15

21.05

22.70 103.56
22.82 103.53 2
20.20 106.50
21.91 105.03 19

21.05 106.31 2
21.56 104.75

21.60 104.93 12
21.60 104.92 9
22.41 103.90 19

21.42 104.92
19.84 106.64
20.75 105.60
20.13 105.97
22.16 104.17 16

20.54 106.42 5
21.96 104.62 19
20.22 106.31 5
20.23 106.01 &
20.53 106.15 5

20.08 106.32 14
20.17 106.66 20
20.38 106.15 5
20.18 106.30 5
21.89 104.81 17

22.45 103.78 10
22.48 104.35 10
22.45 103.79 10
22.47 103.76 10
21.30 105.44 13

22.42 103.84 10
22.42 103.81 10
22.44 103.81 10
22.41 103.80 10
22.43 103.76 10

22.45 103.76 10
22.34 104.50 10
22.45 103.76 10
22.43 103.78 10
22.44 103.83 10

22.43 103.78 10
22.65 103.53 10
22.56 104.06 4
22.46 103.81 10
22.70 103.37 10

I

3.1
38
2.7
3
2.5

24
3.4
3.9
3.9
2.7

2.2
2.7
3.2
Sl
3.7

4.0
4.9
1.0
1.6
2.4

23
29
27
2.0
2.6

2N
2.0
2.0
2.6
3.1

0.6
2.1
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Bdng I (ti€p theo)
1 2 3 4 Seastr 7

96 1997 6 9 1952 19.80 22.65 103.53 1.9
97 1997 610 19 5257.60 22.74 103.63 15 3..2
98 1997 7 16 447 31.20 21.91 104.81 10 3.3
99 1997 820 1142 30.30 20.42 105.80 17 2.4
1001997 928 82425.00 22.45103.82 10 1.0

101 1997 10 8 6 2044.00 22.45 103.82 1.1
1021997 1020 8 4 19.10 22.45 103.80 10 0.7
1031997 10 24 22 48 11.80 20.68 106.17 0 2.7
1041997 10 24 22487.40 20.68 106.17 0 2.7
1051997 1024 7 193.00 20.98 105.65 0 2.9

1061997 10 27 7 5535.00 22.46 103.80 10 1.4
1071997 11 10 10 13 32.50 21..23105.54 4 3.0
1081997 11 13 22 58 19.30 22.51 103.71 10 1.7

109199712 8 8 239.00 22.46 103.81 10 1.1
1101998 1 3 8 99.50 21.3210549 0 1.9
1111998 1 6 1952 40.00 22.43 103.77 10 2.0
1121998 1 8 10 347.60 20.84 105.62 0

1131998 1 8 72947.30 21.21 10554 0 25
1141998 110 422 14.50 19.89 106.11 10 3.1
1151998 122 151221.90 19.92 106.50 0

1161998 129 5294570 21.28 105.12 0 2.9
1171998 2 6 162252.70 21.35 105.11 0 27
1181998 210 425 4.50 21.33 105.13 20 2.7
1191998 3 4 8 714.70 22.45 103.81 10 1.5
1201998 6 19 19 50 39.00 22.48 103.83 10 0.5

1211998 10 28 15 40 20.50 22.58 103.70 10 1.3
122199811 2 4 3056.70 22.51 103.71 10 1.1
1231998 11 2 20353.00 22.57 104.11 10 2.1
1241998 11 15 12 29 49.30 22.15 104.20 17 2.5
1251998 1230 7 5548.00 22.12 104.22 10 2.4

1261999 7 7 1126 11.90 22.59 103.97 19 3.1
1271999 9 14 19 2149.00 21.81 105.04 18 2.4
1281999 10 2 427 17.60 20.52 106.03 10 1.3
1291999 11 28 1049 31.70 20.03 106.88 4 3.4
1301999 11 30 21 15 15.80 21.88 104.88 10 2.2

Dali (Trung Qudc) cho dén Bién Dong trén chiéu
dai gdn 1.000 km cho thdy chiéu sau chén tiéu cia
dong dat khong qua 20 km.

2. D6 thi Iap Iai dong dat

Nhu trinh bdy & muc I, do mang lugi tram dia
chan tai khu vuc dit gy Séng Héng va lan can
phat tri€n din theo thdi gian nén mirc dai dién cia
dong dat ghi nhan duoc trong doi ndy trén dé thi
lap lai dong dat ciing dugc xay dung cho hai giai
doan 13 tir 1900 dén nam 1999 va tir 1976 d&én nam
1999 nhu sau :

+ Giai doan 1900-1999 :
LgN*(Ms) = 3,054938 - 0,877114Ms

+ Giai doan 1976-1999 :
’ LgN*(Ms) = 3,048477 - 0,876558Ms

& day : Ms 1a chan cdp theo song mat, N* 12 s6
luong trung binh hang nam cta dong dat chan cdp
bing va 16én hon Ms.

P6 thi lap lai dong d4t tinh cho doi dat gy
Song Héng va lan can trong giai doan 1900 - 1999
va 1976 - 1999 duoc dua ra & hink 4ab. Dua theo
d6 thi ndy ta c6 thé tinh dugce tdn suat 13p lai trung
binh cta dong dat & khu vuc doi dat giy Song
Hoéng va lan can.

3. So dé do hoat dong dong dit Ay

Po hoat dong dong dat A;e 12 mot trong nhiing
thong s6 quan trong clia ch€ do dia chan. D¢ hoat
dong dong dat A,y duge tinh theo cong thuc :

Ny (1-1077)1000
A =

10_7(Kmin_K0) St

& day Ns - s6 tran dong ddt c6 K > Kmin c6 trong
dien tich S, S - dién tich trung binh hod, d6i véi
lanh thé Viet Nam nhan gia tri tir 2400 dén 4000
km” dé co s6 dong dat trong dién tich dy tir 3-7, v -
d6 nghiéng dé thi lap lai (bing b/1,8), Knin - dOng
dat dai dién, Ky = 10, t - thoi gian quan sat.

Do hoat dong dong dat A tinh binh quan cho
ca doi trong giai doan 1900-1999 14 0,06 va trong
giai doan 1976-1999 14 0,03. So d6 d6 hoat dong
dia chdn Ao cho khu vuc dai dat gy Song Héng
va 1an can giai doan 1976 - 1999, dugc trinh bdy ¢
hinh 5. Qua s& li¢u tinh toan va vé trén ban dé ta
thay gia tri Ao cao nhat trong khu vuc déi dirt gy
Song Héng, phdn linh thé Viét Nam 1a khoang
0,035 tap trung & phia ha luu.

4. Po thi gidi phong ing suat

D6 thi gidi phong tng sudt trong d6i dat gly
Song Héng (hinh 6) cling phan biét rd trong thdi
ky tir 1900 dén nay v6i hai ch€ do rat phan biét.
Trong giai doan ddu tir 1900 dén 1960 t6c do giai
phong tng suat1a v =~ 1. 10° va trong giai doan sau
tir 1960 dén 1999 1a V = 1.10° nghia la tir nhimg
nam sau muoi trd vé day hoat dong dong dt trong
doi Song Hong muoi 14n y&u hon giai doan trudc.
Néu can cir vao gia tri tuyet d6i cla dai luong gidi
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Hinh 6. D6 thi gidi phong img suat dai dirt gdy Song Hong giai doan 1900-1999

phéng nang lugng dia chan va do nghiéng cta 4
thi 1ap lai dong dat thi doi dirt gdy Song Héng dang
rdm trong ché& do hoat dong dong dat binh én.

Két qua mdi day nhat cla cac tic gid Dinh Van
Toan, Y-Ben Tsai, Hsin Hung Wu, Trinh Viét Bic,
Nguyén Trong Yém va Phan Thi Kim Vin (1999)
ciing khing dinh diéu nay bing s6 lieu dong dat
quan sat dugc cua heé mang may K2 doc dai dit
gly Song Héng trong vong hai nim 1997-1999.

III. DANH GIA MAGNITUT CUA
DONG DAT CUC DAI

Trong dia chdn, van dé danh gia dong dat cuc
dai (Mmax) 14 vo6 cing quan trong. Tir dai luong
ndy mdi cb thé danh gia duogc cac théng s6 vé nguy
hiém dong dat gay ra cho bt ky khu vuc nao thuoc
1anh thd nghién ctru. Trén the gi6i cling c6 nhiéu
nha khoa hoc 4p dung nhiéu phuong phip dinh
lvgng danh gia dong dat cuc dai d cac ving phat
sinh dong dat. Dang chi § 12 cac nha dja chan
Lomnitz (1966), Karnik va Hibermmova (1968),
Shakai va Uillis (1972), Ch'en va Lin (1973),
Yegulalp va Kuo (1974), Hattori (1979) va Kim
(1981, 1983) da sit dung ham tiém can Gumbel
loai ba va loai mot cdi ti€n d€ du bao dong dat cuc
dai 0 mot s6 ving trén thé gigi nhu Tokyo, Los
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Angeles, Guatemala, Chile va Peru. Cic két qua
cho thay ham ph4n bé tiém can loai mot cai ti€n co
nhiéu wu diém hon ham tiém can loai LI (hink 7)
(So Gu Kim, 1983) va chinh vi thé & day trong bai
bao nay chiing t6i sir dung hiam tiém can loai mot
cai tién dé danh gia dong dat cuc dai cho doi dirt
gly Song Héng.

1. Co so Iy thuyét vé tiem cdn loai I cdi tién

Gia st x 12 bién ngiu nhién v&i him xac sudt
F(x)
F(x) =P(X < x} (1)
" X4c sudt dé x & 1a gi4 tri lon nhatgitta n miu
doc 1ap tir cing ham phan bd F(x) s€ 14 :
@On(x) =P{X; 2 x, X2x,... Xi2x} = F (x)  (2)
12 ham phan b6 chinh xac cla céc gia tri lon nhat.
Trong dia chan hoc phan tich cic gia tri cuc tri
thuong duge ap dung déi voi chubi thoi gian cia
chan cép dong dat (magnitut) cho mot viing hay
khu vire, hodc 13 d6i véi cdp chdn dong quan sat
dugc & mot thai di€m nhat dinh. Cic cuc tri cla
chubi thai gian c6 th€ nhan dugc bing cach chia
chudi thdi gian thanh cic quing thdi gian bing
nhau va xic dinh gia tri cuc dai doi véi mbi quang
thdi gian. DSi vai quing thoi gian x4c dinh, ham
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Hinh 7. So sanh cic dudng cong cia ham phan b tiém can Gumel loai I cdi tién va loai I

phan b tiém can loai I va loai Il (Gumbel, 1958)
clia cic cuc tri duoc biéu dién bing cic ham sau :

G'(x)=expl-¢?*L,  p>0 3)

G3(x) = exp [-(w-x/W-u)k], @)
k>0, x<w,u< w

& day u, B va k 1a cic thong s6 cia ham tiém can
loai I va loai III ; w 1 can trén ctia cac tri 16n nhat.
Trong phuong trinh (3) u 1a magnitut cuc dai twong
img voi xac sust G'(x) (phan b6 loai I clia
Gumbel), w 13 Mmax twong tmg xic suft G*(x)
(phan b6 Gumbel loai I1T) .

Ch'en va Lin (1973) di cdi bien ham phan bé
loai I thanh ham phan b6 loai 1 cdi tién ciia cic tri
co dang :

Gx)=exp [-eP* 1-e PN}, e « 1

d day v 1a goi han trén clia chdn cdp dong dat phat
sinh trong d6i nhat dinh.

That vay, ham tiém can loai I cdi tién cla
Gumbel cb nhiéu wu di€ém so véi ham phan b6 loai
I11. Trong bai bao nay tac gid di si dung ham phan
b6 tiém can loai I cdi ti€n d€ du bao dong dat co
chén cdp cuc dai d6i voi déi dirt gdy Song Hong.

St dung cuc tri cla chan cdp dong ddt hang
nam, chu ky lap lai dong dat dugc xem nhu 13 s6
lvong trung binh ca quing thoi gian trung binh doi
héi d6i voi gia tri chan cap cuc dai 1on hon hoac
bing chéin cdp c¢b gi4 tri x quan sit 14 mot ham
tang don diéu cia x duge xac dinh theo cong thirc :

@T(x) = 1/[1-G(x)]

Cac thong s6 thong ke d6i v6i chu ky lap lai
duoc danh gia bing cach ham tiém can loai I cai
tién nhu da dugc trinh bdy & trén.

Xac sust x4y ra dong d4t c6 chdn cip M > x
trong t nim duge xac dinh bing biéu thirc :

PM2x) =1-exp [- t/ T(x)]

gia tri chan cdp cuc dai v&i xac sudt cuc vugt qua
trong vong t nam 13 :

vi= -1/ In[exp (-Bv) + exp (z - Pu)],

z = In [-InG(x)]

2. Pinh gii cic théng s6

Dua viao danh muc dong dat doi dit giy Song
Hoéng 6 bang 1, ching toi x4c dinh duge cic thong
s6 P, u va v clia ham phan b6 tiém can loai I céi
tién cho dong dat doi Song Hong theo chuong
trinh FORTRAN luu trif tai thu vién Vién Vat Iy
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Dia ciu. Dudi day 1a cac thong s cia ham tiém
can dong ddt doi dirt gdy Song Hoéng :

Loaitiemcan:
Loai I cdi tién: 1,57

u v
394 5.5

Phan b tiem can loai I cai tién ctia Gumbel vai
céc thong s6 trén dugc biéu dién bing dudng cong
trén hinh 8.

o
i

e are &

010 100

arls
.500

So sanh dai luong dong dat cuc dai quan sat
thy tai déi dat gy Song Héng va dai luong Magni-
wut vira thu dugc theo tiem can loai [ cdi tién cua
Gumbel cho thy :

Mmax theo tai liéu lich st T.K.13:5,1% 0.3,

Mmax quan sat 153103
Imax quan sat :7-8
Mmax tinh theo phan bd tiém can 1 cai tién : 5.5
Imax theo tinh toan :7-8

¥0 3040 50 100

Hinh 8. manbdtiemcanGmbelloaiIciiti&lcﬁadéidfngiy Song Hong

KET LUAN

Pong dat cuc dai cOthé xdy ra trong doi dit gy
Song Héng voi chin cip M = 5.5. Theo so ligu
dong dat cua Trung Quéc (tir gdn 2000 nam trudce
cong nguyén dén nay, trong d6i dat giy Song Hong
wén chiéu dai 1.000 km chwa hé xdy ra tran dong
dt ndo c6 M = 5.5 do Richter. Diéu do khang dinh
dong dat cuc dai cua doi din giy Song Hong co
chén cdp Mmax = 5,5 nhu da déanh gia 1a phi hop.

Bai bio dugc hoan thanh véi sy trg gilp clia
chuong trinh nghién ctru co ban thuoc Hoi dong
khoa hoc tu nhién.
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SUMMARY

Seismic regime and iaximum of earthquake's
magnitude in Red River Fault zones

Basis on historical documents, field investiga-
tions and observation of the seismological station’s
network in-Vietnam, a catalog of 130 earthquakes
occurred in RRF zone from 1924 up to 1999 was
complied. This data was used to study the
characteristics of seismic regime in RRF zone,
such as earthquake distribution in depth, magnitude-
frequency relation, variation of seismic activity in
periods 1900-1999 and 1976-1999, stress re-lease
diagram. The result showed an active period of
earthquakes in RRF zone before 1960. The period
from 1960 up to now is aquiet one and RRF zone is
being seen as a “gap" area in the North of Vietnam.

In this paper, the maximum of earthquake’s
magnitude Mmax in the RRF zone was also
estimated based on the Gumbel's theory of
extreme values. The results Mmax = 5.520.3 is the
same with magnitude of the strongest historical
earthquake occurred in Hanoi and corresponds to
the seismic data observed in all the zone from
coastal part in North Vietnam to Dali (China).
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