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In 1957, the first seismic risk zoning map of China was publishedC17,
The two principles of making the map -were stated as follows,

1.The earthquake magnitude which appeared in history will repeat again
in future, \

2. Similarity of seismotectonics is corresponding with the similarity of
earthquake magnitude.

The above mentioned principles have some insufficiencies, In this pap-

er, some improvements on the seismic risk zoning have been discussed,

REPETITION OF STRONG EARTHQUAKE

In our country, répetition of strong earthquake is very important for
seismic risk zoning,This problem may be discussed by the following methods,

1.Statistic method

The Chinese civilization is one of the oldest in the world We have not
found repet:ition of earthquakes of magnitude (M>7 )in the Shanxi-
Gansu-Ninxia region, during about 2000years in history.* Besides, in the
eastern part of the mainland of China, there are similar results., There
the definition of repetition is the superposition of the pro jection area
of the earthquake source volume The long and short axis of the area are
specified by the following formulas;
M-3.3
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The long axis, L(km) =10

s MMMBAMN, FHTFSHBBREBURN T, HBNERMICH, 1971
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The short axis; L' (km)=~+L 2)
2.Dislocation method
In 1973, we proposed a formula for calculating the repetition period T

of strong earthquake as follows(2)
D
T—T (3)

D =10°:s2M-1:15 (4)
where D is slipping amplitude in earthquake source in unit of cm.
According tostatistics of the slipping rate of fault and contrast motion
in many places of China, the largest slipping rate is 25 mm/year, the
least slipping rate is 0.1 mm/year and the avernage rate is 10 mm/year. We
substitute these data into the formulas (3—4) to get the repetition periods
of strong earthquakes having difference magnitﬁde as shown in table
I. T, is the least period calculated by the largest rate, T, is the moderate
period calculated by the average rate, and the T; 1is the longest period

calculated by the least rate.

3.Heat conductivity method Tablel The repetition period
When a strong earthquake of strong earthquake
occurred, the source fault heated ' D T T, Ts cemak

due to frictional action and insertion Cem) | (year) | (year) | (Fear)

of high temperature substance.ln 8.5 | 14800 § 592 | 1480 | 143000

thi b 8.0 8130 | 325 813 81300
1S case, stress can no e accum 75| 4460 s | a6 44600
ulated again in earthquake source 7.0 | 2450 | 98 246 | 24600
untill the high temperature reduce 6.5 1350 | 54 135 | 18500

) 6.0| 740 | 30 74 7400
to that value which is equal to the .

"surounding medium.ln our previous
bookC8), the repetition period of
strong earthquake is described by the following

_ T=t,+t, - (5)
where t, is time interval of the heat dispersion, t, is time interval of the
‘elast-ic strain energy accumulation, Due to that the thickness H of the
high temperature layer in earthquake source is difficult to be determined,
we can not get the t;. However, formula (5 ) means, the period calcula-
ted from ( 3 ) trends towards safety,because in formula (3 ), t, is not
considered, It should be pointed out that we might use the modulation
of solid tide to check up the situation of earthquake source since earth-
quake occurrence. If the high tides often coincid.e with the small shocks,

we recongnize the source region not to be sticked, namely, the source reg-

@

@



N

®

this stage .the seismic .
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ion is in stage t,.

REDUCTION OF SEIMIC RISK*

In the mainland of China, the principal pressure stress -direction is
about uniform and regular.In this case, thelateral direction of dislocation
of both parallel strike faults are similar If a strong earthquake occurred
in one of them, :‘the seimic risk in other one is reduced at once, as
shown in Fig.1 .In this figure A B and C D is two faults The stage with-
out stress is shown by Fig,] a, the shearing stage is shown by Fig. 1 b,
and the stage.of generating earthquake on C D is shown by Fig. I C After,

risk on fault A B is
reduced 1f two parallel

faults have the contrary

lateral direction, when a Fig. 1 Three stages of ecarthquake process,

large earthquake occurs a.stage without shear strain,

along one of them,the b.stage having shear strain,

seismic risk on the other c.an earthquake takes place on fault C D,
fault will be increased,
If we regard the distance on which the horizontal displacement is equal
to 1m as the farthest limit of ‘reducing seismic risk for long time, and
the depth of lower eage of fault plane C D is 20 km, we can get the
distance R of reducing the seismic risk in unit of Km as the following
formula, |
| R=—23cot (5 5 C6)
where D is the same as that in formula( 4 ) From( 6 )and( 4 ) we may

determine R for earthquake with different. magnitude as shown in table2,

Table2
Earthquake magnitude(M), Amplitude
of dislocation (D) and reducing
earthquake distance(R)

M 8.5 8 7.5 . 7.0
Dm) | 1480 | 813 " 446 246
R(km) 160 90 50 25 Fig. 2 Junction of both faults CM

and AMB Dotted Line is
oblique fault,

CBUE, BRR, THHRZAOMLEN—RBAE, FREADSKERSERTRE R, 1984,
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According to the combination modell2), the length 1 along which the
least, If on the light

of the elastic dislocation theory, the I is shorter than that above ment-

seismic risk is reduced equals L in formula (1 ) at
ioned,As for the duration of reducing seismic risk may be juged by the re-
petition period of strong earthquake ( Tablel) .

The junction of both faults is shown in Fig,2, C M and AM B are two
faults which are on axises x and y For the convenience of calling,wename
the fault M C “perpendicular fault” and the fault A M B “bottom fault” ,
When a strong earthquake occurred in bottom fault, the seismic risk
in perpendicular fault is reducecd, while a strong earthquake occurred in
perpendicular fault, the bottom fault may appear strong earthquake some
time later.

According to elasticity theory, when a slipping takes place on AMB,

shear stress txy on fault M C will be relieved, because;

Txy = Tyx C7)
and shear stress vy, on the oblique fault M C’ will be relieved as;
r:,=—lﬁ%sin2(v+rxyc032¢ (8)

EXAMPLES OF REDUCING SEISMIC RISK

1.The 1604 Quanzhou earthquake The Quanzhou earthquake is located
in eastern sea off Quanzhou and has maghitude of 8.Its meizoseismal area
is parallel to the Changlao-Nan’ao fault, as shown in Fig. 3.

It is interesting that the Changlao-Nan’ao fault is geologically active,
but there is not any strong earthquake to occur in history We think the
seismic risk in this fault is reduced by 1604 Quanzhou earthquake.

2.The 1833 Songming earthquake The Songming earthquake has magni-

tude of 8 .It’s meizoseismal area is extended northsouth, as shown in Fig,

4 .It should be pointed out that several geologically active faults are
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‘Fig, 8 Seismic risk of the
Changlao-Nan’ao fault is reduced
by the 1604 Chuanzhou earthquake.
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Fig. 4 Seismic risk on Parallel
fault is reduced by the 1833
Songming earthquake,
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parallel to the meizoseismal area of the Songming earthquake.There is not
any strong earthquake to occur along these faults, We consider that the
seismic risk on these faults is reduced by the 1833 Songming earthquake.

Besides, there are many of similar examples in other places of the
mainland of China.

3.The 1668 Tancheng earthquake (M=8.5) The Tancheng earthquake is
jocated on the great Tancheng fault, and its meizoseismal area is extended
in direction N N E, .as shown in Fig, 5 ,An active fault having extend N W
makes a junction with the Tancheng fault.According to theabove mentioned
viewpoint (Fig,. 2 ), when the 1668 earthquake (M=8,5) occurred, the
seismic risk on the fault of N W has been reduced.In fact, thereis not any
strong earthquake to occur on the fault of N W sc¢ far,

4. The 1976 Tangshan earthquake (M=7.8) The meizoseismal area of the
Tangshan earthquake has a trend of N E After it occurcred, there is not
any strong earthquake to follow in the fault parallel to the Tangshan
earthquake fault, but two strong earthquakes occurred in that fault which

is ‘about perpendicular to the Tangshan earthquake fault, as shown in

Fig. 5 Seismic risk on fault of Fig. 6 Redution of seismic risk and
direction N W is reduced by the following strong earthquake after the
1668 Tancheng earthquake, 1976 Tangshan earthquake (Ms=7.8) .

5.The two 1976 Yanyuan earthquake The first earthquake (M=6.7)

took place on Nov, k7, 1976, the second one (M=6.4) took placeon Dec,
13,1976.Their earthquake source fault and isoseismal are shown in Fig?, (6
It is interesting to note t‘hat the first earthquake is in a perpendicular
fault, the second earthquake is in a bottom fault,

Fig, 5, 6 and 7 show that in the junction of faults, the order of
earthquake occurrence is that in the perpendicular fault is earlier that in
yhe bottom fault, '
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DISCUSSION
From the reducing earthquake
theory, the seismicity pattern on
parallel faults is wusually paralle-
logram such as the distribution of

strong earthquakes in Gansu

@

province and NingxXia region, as

shown in Fig, 7.

1376.12.15

612, According to measurement of

stress on both sides of the great

Tancheng-Lujiang fault along which

Fig.7 Two strong earthquakes the great Tancheng earthquake of
of 1976 in Yanyuan region, magnitude 8.5 took place in 1668
year, the stress decrease curve with -
Imax
« 1854
=7 1950 12 ./
| \\ ~ - @M=7
e \‘m,ws N\ § >
D - 1 1 Y i i 1
40 B0 120 169 160 RCKM
Fig. 8 Parallelogram distribution Fig. 9 The relation between
. maximum stress and distance from
of strong earthquakes in the Gansu the fault in the middle segment of
and Ningxian region. the Tancheng-Lu Jiang fault
distance from the faultisshown in Fig.9. Cafter Ding Xuchu and Lijang
Haiging )
From this figure, we can see that the stress decrease is clear until to
the distance of about 160 km from the fault.It is coincident with the for- ,¢
4

mula ( 5) and table 2.

If a long fault creeps, it can reduce the seismic risk in other faults
which are parallel to the creep fault,

ln the light of reducing earthquake theory, earthquake activity belt
may migrate parallelly towards its sides at certain distance.
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T Vaa

&%Vﬂ%%ﬁﬁow;&&&w*%&xmﬁﬁﬁ$T%kﬁﬁﬁﬁm,%&1W%°
CERBMEEAR, TREAZRAINEER AR SN EFFENRATHiEELEH L



9% ' B R 2% ® 6%

1 ¥ XEELME,
2BEERNEERE HT-MABLRGE, AREASTOLEBRAE L L9
HR%

R= T l.OOCm)

_H T
1.17 °°t*\2 Dem
T XHY W EZBRER, KINM02Z, NEXTEH

20 teil@ R2 TEARENEBNERRER
117 °'\U2 D Ms 8.5 8 7.6 7.0
TR LA LN REEETATTAL Rekmy | 160 9 | 50 25

(Ta#EStA kLT imdRmRA
BHEUE ¥ Tk, '

(‘(0)({»(4))@) (D DD

>
g ¢
¢ HRME ¢
& $

€SP DEOHHDDDD@ODEY

BREFBGFRZLNENERN BRI KRR E

ARTERBER “GCREFFAEMEZBASENRTERARKREEX Z KR

—EABHGE, 2NHBEMERERAEEARMEMATARRESEEI, SR
KESh RS fr L8, BOnEHBN HENMEL, RH—A05F WA a0 iR
o, HMBREER. MR, BB, RARETHBRSHARLEAR—FEMILKRWOE, Kk
3000430, FE3004 KBTS 7

HHBHAHEARZHILAR, SBLR, BEREE, ER0OKKEEN B F 8 KR
ZETIHRBER ., M — B FI0—50HXK, BRIEX 3K, BRLE, LBRKELEERK
Fehsh, HURBER—REL. 5— 2k, B 6K, MMKREETULEZ E, #R BEW
B IRMOKESENLELWEHNEREZ, R RBERESAEREDHREREHR
JZa)iA:puil =

BB R AW R BRI, YS5EAMERTEREAE 8 RUL KB B HRE
AR HIT L, XREMBHERE s KLU L. BRUEFERZBNE KK B e
WA, A A MRIER LR, WHRMARSEURERP00RABKEHELIBITA
W HLAR muﬁnE%HﬁﬁMEﬁEkiﬁﬁﬁﬁﬁkmﬂﬁ»ﬁ%ﬂﬁh@ﬂﬁﬂﬁﬁ?

IR R RN E R, SHEEHREISI TR RGNS LRGSR E RN
ABERAPMEEEENEN, AT RHEBEHREGTRRLSKET, REBBNML, X
HTIRIEHELZ, BANER, BERETE, SHUBRAREWMED, LAIEBKHEE
R H BTG A 250K LT, A—MSUKEISEENUE, RENTHUEENED & |k
BHEMTHTHFSERAR, SN, FRhBRE— A 2EERR, X—BXHEN R
R, P MBERFEARRALBBR. MRIE, BRYBMMBRIRERMTE
RS CEMMBIRS BE¥A HREERRZED KB

@

@

§
3.
T



