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THE THEORETICAL ANALYSIS ON THE SEISMIC EFFECT
(OF GROUND FISSURES IN XIAN |
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-Introduction

Since 1976 the ground fissures both in the city and suburbs of Xian
have been strongly.developed and a lot of buildings located near by them
damaged.For the last years these fissures have brought to the attentionms
of many scientists and architectural departments,who have done much work
and a number of papers dealing with the ground lissures have been pub-
lished, ' |

But in most of the published papers,the consideration was taken only
into the geological structure and. the causes of the ground fissures No one
studied the-effect -of these fissures during strong earthquakes,which is ve-
ry important for:'the urban planning and construction design,

In the present paper,the author studies only the seismic effect of the
fissures by theoretical method and does not deal with any other problems
about them,

A brief .ac‘cgunt of the analytical method

Theoretical analysis has been carried out by the two-dimensional finite
element method The theoretical basis of this method is to solve the si-
multaneots -equations of elastic system under the effect of two-dimensio-
nal shaklng

MI{ x.} +CC2 {X }+CKI{x} =CMI( {A Fxo(t)+ {A,} Y, (1))
wh?reEM],{.C],EKJare the mass,damping and stiffness matrices respectively,
{ X b, {1;- } and { X } are the acceleration,velocity and displacement of de-
gree of freedom system respectively. { Ax},{ A, }are the vectors degree of
freedom in horizontal and vertical courseywhile X,(t)and Y,(t)are the pro-
cesses of the horizontal and vertical accelerations of the bed rock surface,

There are 4 principal steps in the calculation,

1,To simplify the system into elastic multi- -point model to solve the
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period of vibration and mode vector after statistic analysis,

2.To input the acceleration recordsX.(t)and Y,(t),to calculate the re-
sponse of every mode,

3.To solve the general response of every degree of freedom by mode
superposetion,i.e.,to calculete the time history of apceleration for every
degree of frveedom,which is located on the ground surface, '

4.To solve the Fourier spectra,anccelefa/tion,velocit'y and displacement
response spectra of single mass-point model,

The detailed discription of this method and its mathematical requiment

is written in the referencel(1 ),

Main conditions and parameters of site soil

As'we will know,it -is necessary to simplify the naturel conditions be-
fore the finite element analysis,All of the ground fissures in Xian are lo-
cated along some zones (Fig. 1), which vary in width from 5 tol0 meters
(8] Within every zone there are some ground fissures which are arranged
in echelon, Their depth varies from 10 to 15m.According to these concep-
tions we can adopt the two-dimensional model which is perpendicular
to the fissure zone ,The fissure zone can be simplified as a wedge with the
end downwards,the depth of the peak being 20 m under the ground surface,
The width of its upper roof on the ground surface is 10m,and there is
an open crack in the center of the zone.The model for calculation is shown
in Fig. 3and 4,

According to the seismic geologic conceptions of the surrounging area
of Xian,(4+ 25 1lthere is no reason to consider the ground fissures as the
causetive structurel2s 8, 8) So,we,dealing with the fissure zone as a geo-
logic unit,analyzed only its dynamic response Hﬁring strong earthquake, The
ground shéking was inputed from the bottom-face,the fixed boundary of
the model. '

The main parameters of the site soil were determined in situ(see Figl),
And the simplified results are illustrated in Table 1,As we can see from this
fissures,the strength of the site soil in the southen part is relatively stron-
ger than that in the northen part of Xian We cited two typical sections
---Xinjiamiao and Tielumiao sections,which represente the conditions of
northen and southen part of Xian. In calculation,the section across the fis-
sure zone was simplified and the average parameters of the site soil were
adopted, ‘

The depth of the model bottom was determined by ex'perxment and 50m

upder the ground surface was adopted,
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Both the El Centro in 1940,in U.S A and the Wenxian accelexjograms in

1976 in Gansu provence, China,were selected as the input seismic motions,

The records were slightly remoulded as thus, the maximum acceleration

was about 0 ,15g,which is.in cor.‘fespo'ﬂdénce with the intensityiof 8 degree,

Table1l - The paraméters of site soil in xian(a)for

. xinjiamiap,(b) for Tielumiuo

#1 ERGHENSH(DHERFIE( &P EHNT
Depth unit- o | Elastic S unit gy Elastic
weight l’,rc;x:isoon modul D:‘&t)h weight E;Z‘:isoon modul
(M) (T /M3y , ) (kg/CM2) (T/M3) (kg/CM%)
10 1,65 ) 0.?5 ’ 1500 10 1,70 0,25 2500
20 1,75 0,30 4000 20 1,80 6,30 3800
30 1,80 0,35 3000 30 1,85 0,35 5000
1,85 0,40 7000 1,90 0,40 7500
50 50
0 —20 ‘ 0—20 -
(Fissur 1,65 0,35 800 (Fissur 1,60 0,35 1000
zone) ‘- v zone)[

(a)

(b)
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Results of the theoretical analysis

The results of theoretical analysis are shown in Fig, 3—-5

In general,the ground fissure zone does not exert the apparent 1nfluence
on the characteristics of ground motion. during strong earthquake, As we
can see from Fig2—4 ,both within and out fhe fissure zone the maximum
acceleration,velocity and displacement are not obviously different fron each
other regardless of the characters of the input mo.tio“’qs.I'nVFourier spec-
tra,the frequence characteristics are also not remarkable different,only
with the exception that within the fissure zone about1Hz vibration fre-
quency is more conspicuous than it is out this zone,The .acceleration rewspon-
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se spectra do not appear essential different,except that the peak of spec-
tra of the fissure zone is just slightly higher than that is out of it.

The above mentioned results are easily explained.In the regional scale,
the ground fissure zone is . only a minor geologic element.So,despite of
its great influence on the constructions,its width and depth are,after all,
very limited . Such a minor geologic element cannot cause singnificant effect
on the characteristics of ground motion during the strong earthuqake,

But it should be considered that the site soil of the fissure zone is ease
to be effected with permanent deformation during strong earthquake,
because the site soil is looser Therefore,along the fissure zone ground fai-
lure may be caused by shaking. It is estimated that degrees of ground
failure must be of great difference within and out of the fissure zone.ln
spite of obvious difference in the characteristics of ground motion,the
ground failure can also make the damage heavier in the fissure zone.

It can be seen from this,that durxng the strong earthquake in the sur-
rounding area the damage is not heavier just for the existence of the fissure
zone,Onlg along the zone the damage may become heavier om account of
ground failure ,Therefore,in making the plan against shaking it is unnecessa-
ty to widen the zone protecting against earthquakes out of the common
fortified zone,

Conclusion

1,The ground fissure zone in Xian does not exert apparent effect on the
characteristics of ground motion during the strong earthquakes, Differences
of earthquake damage in and out of the ground fissure zone will be caused
mainly by ground failure instead of ground motion, ’

2.1t is clear that the area where the earthquake damage will be heavier
is limited within the fissure zone,So,it isn’t necessary to delimit aspecial
belt to protect against the strong earthquake out of the fortified zone.
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