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Abstract: At present, the power spectrum method in the field of random vibration analysis,
that is, to calculate the power spectrum of various responses from the given excitation
power spectrum, has developed into a mature method. However, this method has not been
widely used in engineering design in the past. The purpose of this paper is to study the
efficient algorithm of multi-dimensional and multi-point random seismic response analysis
of spatial grid structure. Firstly, the paper introduces the quick assessment of earthquake
personnel loss from the aspects of the factors affecting the magnitude of earthquake
disaster and the assessment process of earthquake personnel loss. Then, it further discusses
the theoretical formula of multi-dimensional virtual excitation method, further extends the
“virtual excitation method” to the multi-dimensional multi-point non-stationary random
earthquake response analysis of spatial grid structure, gives the peak response estimation
method, and discusses the multi-dimensional ground, the random model of vibration and
the selection of parameters, the random seismic response of latticed shell structure is
analyzed by special computer program. The experimental results show that the
non-stationary random seismic response of the latticed shell is slightly smaller than that of
the stationary random seismic response, with a ratio of about 0.9. The laws of the steady
and non-stationary random vibration response of the latticed shell members are similar.

1. Introduction

With the continuous development of the times, the continuous improvement of social, economic
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and cultural level, and the progress of science and technology, how to effectively use the existing
data and data, and apply new methods to improve the ability of the government and the earthquake
department to respond quickly to emergencies and resist risks, and provide convenient and quick
emergency rescue and related information for the masses is particularly important [1-3]. Earthquake
disaster pre assessment software is a software system that integrates multiple disciplines, such as
computer, geographic information system, global positioning system, monitoring system,
earthquake disaster pre assessment system, statistical system, etc., integrates multiple data through
network, communication and other channels, and provides earthquake emergency services and
earthquake disaster pre assessment [4-6]. The earthquake disaster pre assessment software can
effectively simulate the geological disaster, building collapse, lifeline engineering damage,
casualties, economic loss and other disasters after the earthquake. According to the simulated
disaster data, the pre disaster preparation work can be done, so that the disaster prevention and
mitigation can be implemented, and provide more effective technical support for the post disaster
leadership and organization of earthquake relief work [7-9]. Earthquake is a kind of emergency.
Earthquake disaster often has the characteristics of strong emergency, high pressure, wide impact,
great social impact, long duration, some quasi periodicity and so on. Earthquake disasters often
cause serious casualties and economic losses, and can cause secondary disasters such as sand
liquefaction, collapse, landslide, debris flow, avalanche and tsunami [10-12]. The earthquake will
cause serious casualties, the key reason is that the occurrence of the earthquake will cause serious
housing damage [13-15]. In order to reduce the damage caused by the earthquake and make the
building structure resist the possible earthquake within the service life, the earthquake resistance
ability of the structure should be enhanced as much as possible. The large-span grid structure is a
spatial structure system, showing obvious spatial stress and deformation characteristics [16].
Therefore, the combined action of horizontal and vertical earthquake should be considered in the
seismic response analysis of spatial grid structure. It can be seen that the analysis of structural
seismic response is of great significance [17].

J. An studied the seismic response characteristics under strong horizontal ground motion, and
compared with the seismic response characteristics of single-layer rectangular / circular tunnel. The
results show that the interaction effect of the two-layer tunnel increases the peak value of the
relative horizontal displacement and vibration acceleration of the upper and lower tunnels, and
decreases with the increase of the intersection angle. The seismic stress of the top rectangular tunnel
increases, while that of the bottom circular tunnel decreases. The interaction effect of cross metro
tunnel is closely related to the cross shape of bedrock and the characteristics of input seismic wave.
The weak parts of the tunnel structure are the rectangular top of the top layer, the connection
between the layer and the side wall, the top and bottom of the column (middle column), the arch
shoulder and the circular top of the bottom layer. The seismic deformation modes of rectangular and
circular tunnels are similar to the monotonic growth of sinusoidal and inverted S-shaped curves,
respectively. The deformation of site soil is mainly shear deformation. When the earthquake occurs,
the contact surface between soil and structure is weak [18]. Christelle Salameh conducted a risk and
vulnerability assessment of the dynamic parameters of buildings in Beirut (Lebanon) based on the
environmental vibration method. Lebanon is facing a high seismic risk due to its major faults, high
seismic risk due to intensive urbanization, and lack of implementation of seismic design codes. In
this study, 330 reinforced concrete buildings were recorded for environmental vibration, periodic
parameters were extracted and analyzed statistically to determine the correlation with physical
building parameters (height, horizontal size, age) and site characteristics (rock site or soft site). The
results show that: (1) building height or number of floors (n) is the main statistical robust parameter
for estimating fundamental wave period T; (2) the correlation between T and N is linear and related
to the site: for rock site t = n / 23, for soft site n / 18; (3) the measured damping is inversely
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proportional to the period: the higher the building, the lower the damping; (4) there is an obvious
overestimation in the current building code cycle. However, some of the significant differences
from the building code recommendations may be due to very low load levels [19]. In order to study
the seismic performance of the geogrid reinforced rigid retaining wall with saturated backfill, Liyan
Wang established a large-scale shaking table test model of the geogrid reinforced rigid retaining
wall and the unreinforced earth retaining wall in a large layered shear vessel. The Froude constant
in the dimensional analysis theory determines the geometric similarity law of the test wall, which is
expressed by the shear velocity of the soil. The similarity ratio of other variables is derived from the
geometric similarity ratio. The shear wave velocity of the model site was measured by the seismic
dilatometer. Considering the influence of ground motion, the seismic response, wall acceleration,
wall lateral displacement, seismic settlement of backfill sand surface and excess pore water pressure
in the strain of backfill sand and geogrid are studied. The results show that the far-field seismic
wave has more influence on the seismic performance of the reinforced earth retaining wall than the
near-field seismic wave, and the geogrid can still effectively improve the seismic deformation
capacity of the saturated earth retaining wall. Geogrid can reduce the development of excess pore
water pressure and accelerate the dissipation of excess pore water pressure. The geogrid in the
middle layer of the reinforced soil plays an important role in the seismic stability of the retaining
wall. The root of the geogrid connected with the wall is the key part of the seismic design of the
rigid retaining wall reinforced by geogrid. The seismic design of geogrid reinforced rigid retaining
wall must consider the far-field or mid far-field seismic wave [20].

In this paper, the “virtual excitation method” is further extended and applied to the
multi-dimensional and multi-point non-stationary random seismic response analysis of spatial grid
structure. The theoretical formula of the multi-dimensional virtual excitation random vibration
analysis method is derived, the peak response estimation method is given, and the random model
and parameter selection of multi-dimensional seismic vibration are discussed. The random
earthquake of the latticed shell structure is analyzed by the special computer program response.
This method automatically includes the correlation terms between the vibration modes and the input
seismic components. The calculation is accurate and fast. It is very suitable for the analysis of the
random seismic response of the frequency intensive spatial grid structure. It is an efficient random
vibration analysis algorithm.

2. Proposed Method
2.1. Quick Assessment of Earthquake Personnel Loss

(1) Factors affecting the magnitude of earthquake disaster

Earthquake situation factors, natural environment factors and social factors will have a certain
impact on the magnitude of earthquake disasters. Among them, earthquake situation factors include
earthquake magnitude, earthquake intensity, focal depth, earthquake time, earthquake location and
earthquake type, natural environment factors include topography, climate type and geological
structure, and social factors mainly include population density, seismic fortification level, economic
development degree and regional rescue capacity. Generally, the disaster loss caused by a moderate
or strong earthquake is huge, but it can be minimized by strengthening comprehensive defense.

In the case of the same magnitude of earthquake, the degree of damage caused by different
regions is also different. This is mainly affected by the following factors.

1) Earthquake magnitude and focal depth

For an earthquake, the larger the energy released by the earthquake, the greater the possible
damage or damage, and the magnitude of the earthquake is closely related to the energy released by
the earthquake. The energy released by earthquake will be lost and weakened with the propagation
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of seismic wave. Therefore, in the case of the same magnitude, the shallower the focal depth, the
greater the surface intensity and the higher the degree of damage. Even if the magnitude of an
earthquake is not large, it may cause unexpected damage to some shallow earthquakes.

2) Natural environment

Generally speaking, the disaster loss caused by earthquake is more serious than that in plain area
because of the influence of soil structure, landform and other natural environment. After the
earthquake, the weather conditions such as rainfall and temperature will increase the difficulty of
disaster relief, thus affecting the survival rate of buried or seriously injured people.

3) Population density and economic development degree

Earthquake casualties are closely related to the population density within the scope of earthquake
influence. The larger the population density, the more casualties caused by the earthquake. And in
areas with high degree of economic development and concentrated social wealth, huge earthquake
disasters are often caused.

4) Seismic fortification level

One of the most direct reasons for the loss of earthquake personnel and economic loss is the
destruction and collapse of houses and other buildings during the earthquake. The seismic
performance and quality of buildings directly affect the degree of earthquake disaster. Therefore, it
is of great significance to improve the seismic fortification level to reduce the casualties and
economic losses caused by the earthquake.

5) Defense against earthquakes

Before a moderate or strong earthquake, whether people have the knowledge of self-help and
mutual rescue or not will affect the disaster loss to a great extent. To some extent, the propaganda
work of earthquake science popularization can reduce the disaster loss caused by earthquake.

In an earthquake, the damage in different places is usually different. The closer to the source, the
more serious the damage. Earthquake intensity is used to measure the degree of earthquake damage.
It can also be interpreted as a measure of the intensity of ground vibration during an earthquake.
The area closest to the source (epicenter) has the most serious damage and the highest intensity,
which is called epicenter intensity. With the distance from the source, the impact of the earthquake
is weaker. Therefore, there is only one magnitude of an earthquake, but there are many earthquake
intensities. According to the influence of earthquake on the ground, the earthquake area can be
divided into several areas with different intensity. Seismic intensity is not only related to magnitude
and epicenter distance, but also to focal depth, soil, geological structure and characteristics of
engineering buildings.

The attenuation law of seismic intensity is used to describe the relationship between the intensity
and the change of epicentral distance. For different types of earthquakes, at present, the main source
models are circle models. In the circular model, the source is regarded as a point. If the propagation
medium is isotropic, the total energy of the earthquake will be released uniformly from the point to
the surrounding. Therefore, the earthquake intensity of each point on the surface with the same
epicenter distance is the same, and the isoseismal line of the circular model is circular distribution.
Ellipse model is the most widely used source model at present. In ellipse model, the source is still
regarded as a point, but the attenuation laws of long axis and short axis need to be considered. The
shape of isoseismal line is determined by the attenuation laws of long axis and short axis. For the
fault fracture model, the source is linear distribution, and the total energy of the earthquake is
uniformly released from the linear source to the surrounding area. Therefore, the intensity of each
point on the surface is only related to the shortest distance of the line source. Researchers in the
field of earthquake at home and abroad have established different attenuation relations on the
attenuation law of intensity. At present, the most commonly used intensity attenuation relationship
in China is shown in Formula 1.
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I=A+BM-CIn(R+R,) 1)

Among them, a, B and C are regression coefficients, which can be obtained by regression
analysis of historical seismic data, and RO is the near-field saturation factor.

(2) Loss assessment process of seismic personnel

The rapid assessment of earthquake personnel loss can provide scientific reference for the
government earthquake emergency department to allocate the rescue force, relief materials and
medical materials. The rapid assessment of earthquake casualties is mainly to carry out a
preliminary assessment of casualties caused by destructive earthquakes. The assessment process of
earthquake casualties is as follows:

1) After the occurrence of an earthquake, obtain the information of earthquake quick report at the
first time, select the appropriate regional intensity attenuation relationship to calculate the length
axis of each isoseismal line through the relevant data in the quick report information, analyze the
rupture direction of the earthquake according to the epicenter position and the layer of fault zone,
and finally draw the layer of earthquake influence field according to the length and rupture direction
of each isoseismal line to determine the influence range of the earthquake.

2) According to the seismic impact field layer and population data layer, using GIS function,
carry out spatial overlay analysis and buffer analysis to determine the population under each
intensity (if the population data layer used is not the latest, the final intensity area population should
be calculated according to the annual population growth rate).

3) Select the most appropriate casualty assessment model according to the geographical location,
earthquake time, economic development and housing construction of the disaster area. The
personnel evaluation model can be divided into two types according to whether the damage of
buildings is considered or not. A detailed building classification system is needed for the casualty
model considering the damage of buildings, and the calculation complexity is also high.

4) Using the acquired seismic data, the earthquake casualties in each intensity area are predicted
by the casualty assessment model.

5) Write the casualties after assessment into the space layer, and display the assessment results in
a graphical or document way.

2.2. Other Evaluation after Earthquake

(1) Assessment of damage degree of facilities

In the assessment of the damage degree of farmland, water conservancy projects, oil and gas
pipelines, airports, ports and wharves, and key cultural relics, the specific problems to be considered
are more complex. In the work of rapid disaster assessment, we can make a simple disaster
assessment according to the seismic intensity area where these facilities are located and the seismic
grade of the facilities themselves, and produce the location map of the seismic intensity area where
these facilities are located. For facilities located in high-level seismic intensity areas and beyond
their own seismic fortification level, priority should be given to the exploration and evaluation of
the degree of damage. For example, the damage degree of the reservoir and other facilities should
be evaluated to determine whether it will cause secondary disasters such as flood. Farmland close to
the mountain may be buried by landslides or mudslides, or damaged by ground fissures or sand
liquefaction. When oil and gas pipelines are damaged, secondary disasters such as fire or poisoning
may occur. The damage caused in the airport and port terminals will lead to the paralysis of
transportation, and there will be a large number of people who need evacuation and emergency
resettlement. These assessment work not only needs to collect and sort out a large number of basic
information data in advance, but also needs to cooperate with other departments and units to carry
out troubleshooting work successively after the earthquake, so as to make clear the loss situation of
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earthquake disaster.

(2) Evaluation of the demand for rescue materials after the earthquake

In the assessment of the damage degree of farmland, water conservancy projects, oil and gas
pipelines, airports, ports and wharves, and key cultural relics, the specific problems to be considered
are more complex. In the work of rapid disaster assessment, we can make a simple disaster
assessment according to the seismic intensity area where these facilities are located and the seismic
grade of the facilities themselves, and produce the location map of the seismic intensity area where
these facilities are located. For facilities located in high-level seismic intensity areas and beyond
their own seismic fortification level, priority should be given to the exploration and evaluation of
the degree of damage. For example, the damage degree of the reservoir and other facilities should
be evaluated to determine whether it will cause secondary disasters such as flood. Farmland close to
the mountain may be buried by landslides or mudslides, or damaged by ground fissures or sand
liquefaction. When oil and gas pipelines are damaged, secondary disasters such as fire or poisoning
may occur. The damage caused in the airport and port terminals will lead to the paralysis of
transportation, and there will be a large number of people who need evacuation and emergency
resettlement. This assessment work not only needs to collect and sort out a large number of basic
information data in advance, but also needs to cooperate with other departments and units to carry
out troubleshooting work successively after the earthquake, so as to make clear the loss situation of
earthquake disaster.

2.3. Theoretical Formula of Multidimensional Virtual Incentive Method

For the spatial grid structure system, assuming that the mass is concentrated on each node, and
only the effect of three-dimensional translational seismic component is considered, and the effect of
rotational component of ground motion is ignored, the absolute coordinate system relative to the
rest of the earth center is selected, and assuming that the damping force is proportional to the
relative velocity, the motion equation of the system under the multi-point earthquake excitation can
be written as follows:

Mg 0] JUs U |y C, U, L [Ke KT [uiru [0
0 M mm U Cms Cmm 0 Kms Kmm U m - Pm
" )

Where: [MSS], [CSS], [KSS] are the mass, damping and stiffness matrices of free joints; [Mmm],
[Cmm], [Kmm] are the mass, damping and stiffness matrices of bearing restrained joints; {Csm} ,
{Cms} are the coupling damping matrices of free joints and bearing joints; {Ksm}, {Kms} are the
coupling stiffness matrices of free joints and bearing joints;{Us}, {Ur} are the quasi-static and
quasi dynamic displacement vectors of free joints; {Um} is the quasi-static displacement vector of
the bearing node, that is, the forced displacement vector of the ground node; {Pm} is the external
load vector acting on the bearing node.

Formula (2) is further simplified to:

MU+ 1] 0] + (610 = M [T Il {Us)
2
{Us}z_[Kss ]71[ Ksm]{Um } (3)

Assuming that when t = Tj, the seismic wave reaches the j-th support node (X], Yj), then:

T, =(X; cosO+Y;sinOi (4)
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Where, v is the equivalent apparent velocity of seismic wave and 0 is the angle between the
propagation direction of seismic wave and the x-axis direction of structure.
The acceleration vector of the ground support node can be expressed as:

{U'm (t)} — GO U, ©)
(5)

Where: [G (t)] is the matrix of deterministic time envelope function and {Us®} s the vector
of stationary stochastic process with time delay.

G0
O 0
[G®)] = G(®)
0 O
: &0 | ©)
gx(t _Tj ) 0
[G,(®] = 9,(t-T})
0 gz(t _Tj ) (7)
{Ug}=[Ua®A Ug®A Ugp®)]' ®)
{Ug@}=[XE-T) Y(-T) Z@-T)I' )

In practical calculation, it can be assumed that gx(t) =gy(t)=gz(t)=g(t), when t < 0,g(t) = 0.

If the damping matrix satisfies the orthogonal condition, formula (2) can be reduced to Q degrees
of freedom by the mode decomposition method. The pseudo dynamic displacement vector is
expressed as the combination of the first Q modes

(U0 by = (014

(10)

By substituting and using the mode orthogonality, the following results are obtained:
{  }+diag[ 2¢;o0; { e }+diagleo; Huut = [BBUn } 1)
[ﬂ] = [q)]T[Mss][Kss]_l[Ksm] (12)

Where, {j and oj are the damping ratio and circular frequency of the j-th mode respectively; the
mode matrix satisfies the relation [®@]T [Mss] [@] = [I]. The input power spectral density matrix can
be written as:

[SUnUn1=[GMI*SU.U, 1IGM] (13)
Formula:
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[SUs Ug ()] = [VI*[S()IIV]" (14)
U S (o) S (o) S
|] ia)TZ xx(a)) xy(a)) xz(a)) 1 O
1=k s S,@) S,(@) @) |1 IL=| 1
M
S,(@) S (@) S,.(@) 0 1
_[I]3e P_ (15)

According to the relevant properties of ground motion, the input power spectrum matrix is
Hermitian matrix, so it can be decomposed into:

@)1= ady ¥
= (16)

R is the rank of the excitation power spectrum matrix. For three-dimensional seismic input r = 3,
aj and {yj} are the j-th eigenvalue and eigenvector of the matrix respectively. The following virtual
excitation vectors are constructed:

{Un, (t.@)} = o, [GOIVHy e an

By substituting (12), the pseudo dynamic displacement response of the free node caused by it
can be obtained as follows:

{U, (L)} = [[@]hE- DI o [CEIVIv e d

(18)
Where [H (T - 1)] is the impulse response function matrix:
[h(t-1)]=diag[h ;(t-7)]
1 :
h;(t-1) = —-{0;(-1)sinoy(t-1)
Oy
0y = 041- (] (19)

According to formula (18), the pseudo-static displacement of the free joint caused by the virtual
excitation vector is as follows:

{Usj (t,(D)} = _[Kss]-l[Ksm]{Umj (t,O))}

= KK [ ([ o, [GOIV Ky Je“d )t
00 (20)

According to the principle of virtual excitation method, the total displacement power spectrum
matrix of nodes can be obtained as follows:

[SUU. (o)1= YU, (L)} {U,, (o)
= (21)
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{U,, (L)} ={U; (L)} +{U, (to)}

(22)
The internal force power spectrum can also be obtained by the above method:
[Swn (t,0)]= Z{Nj(t!m)}*{Nj (t’w)}T
= (23)
{N;(t.0)} =[2,{U,, (o)} (2)

Where: {Nj (t, o)} is the internal force caused by the virtual excitation vector; [ZN] is the
transformation matrix.

The time-varying variance of the nonstationary response of any member's internal force can be
obtained from the elements of the corresponding internal force power spectrum matrix:

Gil, = I+ OOSN,Ni (t,w)dw (25)
— 0 5

2.4. Estimation of Peak Response

The mean value and standard deviation of the maximum response value of a linear structure
system under stationary earthquake excitation can be expressed as follows:

Ym = fGy; Gym = POy (26)
05772 . & 1
[2In(v,t,) " " VB [2In(v,t,) @)

Where, F and P are peak factors, oy is the mean square deviation of response, vy is the rate of
zero change, and td is the time of earthquake motion.

f=[2In(v,t,) +

400 1 +00 +00

ol = ISy(w)dw; v, = )\—2; A, = _[Sy(a))dw; A, = J'a)ZSy(a))dw

—© 0 —© —© (28)

A0 and A are the zero order and second order spectral moments of the reaction. In order to make

use of the results of the above stationary theory, the non-stationary reaction results can be
stabilized.

The time-varying variance can be obtained from the non-stationary time-varying power spectrum

()= [S, (o)
% (29)

The equivalent stationary mean square response o can be obtained by averaging the
time-varying variance at the time of earthquake motion. For the zero order and second order
spectral moments of power spectrum, the equivalent stationary zero order and second order spectral
moments *( =o) and . can also be obtained. The peak response of the structure under the input

of unsteady ground motion can be approximately obtained by substituting the stationary o, % and
L. for oy, A0 and A2, and then using the formulas (27) and (28).
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2.5. Multidimensional Random Model and Parameter Selection

The multi-dimensional ground motion model can be obtained on the basis of the single
component model considering the cross-correlation between the components. For the single
dimension components in the model, this paper selects the strength non-stationary model, that is,
using the product of a certain time envelope function and a stationary stochastic process to simulate
the non-stationary stochastic process. The time envelope function is expressed as follows:

(th)> 0 <t<t,
g(t) =41 t, <t<t,

et >t (30)

In the formula, C is the attenuation coefficient; T1 and T2 are the first and last time of the
stationary section of the main earthquake respectively.

For the stationary stochastic process model, this paper selects the modified filtered white noise
model:

4 2.2 2 4
mg+4§gmg(o )

(cog -0°)% + 4(;;0350)2 (0 -0°)* +4ioio’

S(o(=

So

(31)

Where, SO is the spectral intensity factor, {g and wg are the damping ratio and predominant
frequency of the foundation soil respectively. The combination of the two parameters of {f and of
can simulate the change of low-frequency energy of ground motion. Generally, (f = (g,of =
0.1-0.2mg can be taken.

On the basis of the single dimension model and considering the cross-correlation among the
components, the spectral matrix of the multi-dimensional stable ground motion model can be
obtained as follows:

Silw) S (w) S, ()
[S(0S(=| S (@) S, (@) S, (@)

S, (@) (@) S,(e) (32)
In the above formula, X and Y represent the horizontal component, and Z represents the vertical
component. Let's discuss how to take each component in the matrix.
For the two horizontal components, the self-spectrum is taken as the same value, and they are
considered to be completely correlated, so that the cross spectrum is the same as the expression of
the self-spectral density function:

4 2 2 2 4
gy +484,05,0 . ®

SXX( w) =Syy ) =
() =5ye) (a):H_O‘)Z)2+4C:HO‘);H(D2 (g, -0°)* + 404 0 0°

Son

(33)
Sy (@) =S, (@) = | S, (@), (@) =S, (0) =S, (@) (34)

For the vertical component, it has the same form as the horizontal component, but the model
parameters are different.
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S, (@)= gy *4L5y 05, 0" o’ S
“ (a)gzv -0°)* + 4§3vm;v(’)2 (ar, - ©%)* +4C3, op 0 Y (35)
The cross spectrum between horizontal and vertical components shall be taken as follows:
S,z(@) =S,,(w) =S, (@) =S, (») = 0.6|S,, (@)S,, (») = 0.6,/S,,(®)S,,(w) (36)
The parameters in the above formulas have the following relations:
oy =1580y,; Gy =g Spy =0.281Sy, (37)

3. Experiments
3.1. Experimental Data Set

In this paper, the 7.0-magnitude earthquake in city A is selected to analyze the research results of
this paper. Firstly, the disaster information of 72 hours after the earthquake is grabbed from the
Internet. After the spatial processing and classification of place names, the sensible information,
house damage and secondary disaster information are used as data sources to determine the seismic
intensity, and the results are divided into spatial interpolation and fitting according to the method of
isoseismal correction of intensity in the field of disaster assessment technology, the theoretical
isoseismal map of quick assessment of earthquake emergency command system is modified and
adjusted. Through the analysis and research of the disaster information from the Internet, 12861
pieces of news data from domestic media and industry earthquake networks, 3392 pieces of disaster
information from community forums, 16253 pieces of disaster data in total. First of all, according to
the magnitude and epicenter coordinates, a place name database within the epicenter scope is
established. There are 72 places in the established place name database, including a province, B
Province, C Province, a city, etc. then, 16253 captured data are extracted for place name
information extraction and disaster classification processing, including 52 places with disaster,
corresponding to 32988 disaster data.

3.2. Experimental Setup

In this paper, a program for multi-dimensional and multi-point nonstationary seismic response
analysis of long-span grid structures is developed. Figure 1 shows a double-layer cylindrical latticed
shell with orthorhombic pyramid. Each node on both longitudinal sides is supported by three-way
fixed hinge, and each node on both ends is supported by vertical hinge. The span of latticed shell B
= 36m, rise span ratio f / b = 0.3, shell length L = 45m, shell thickness h = 1.5m, grid size a xa =
2.5 x2.5m, bearing uniform load g = 1.0kn/m2. The seismic fortification intensity is 8 degrees (the
design basic seismic acceleration value is 0.29), and the design earthquake group is the first group,
class Il site soil. Msgs program is used to optimize the size of the shell members. The parameters of
the random model of ground motion can be taken as wg = 13.96rad/s, {g = 0.8, and the modified
spectral intensity factor S 0 = 3.911cm2/s3; the additional parameters {f = (g,0f = 0.1-0.2m0g are
taken as 20 order vibration modes, and the damping ratio is taken as 0.02. The comparison of
seismic responses of latticed shell structures under different seismic inputs (multi-dimensional and
single-dimensional inputs, multi-point and single-point inputs, etc.) can be obtained.
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4. Discussion

4.1. Comparison of Transverse Top Chord Groups across the Center of Cylindrical Latticed

Shell

The comparison of the single dimensional and three-dimensional random responses of the bs10
bars is given respectively.

Rod order

M Nonstationary response
|_IStationary reaction

” .

L LTS I L R

30.00 35.00

S
=

5.00 10.00 15.00 20.00 25.00

Dynamic internal force value / kN

Figure 1. Comparison of stationary and nonstationary three-dimensional responses of bs10 (Single
point)

40

WY input
[ IXYZ input|

7 8 {j(__ Dynamic internal
Rod order 8 9 *2 force valuek / N
1

Figure 2. Comparison of three-dimensional and one-dimensional stationary responses of bs10

(Single point)

The results show that the non-stationary random seismic response of reticulated shell is slightly
smaller than that of the stationary random seismic response under the condition of single or
multi-dimensional input, single or multi-point input and so on. The ratio is about 0.9, and the
response law of the static and non-stationary random vibration is similar.

4.2. Give a Comparison of Responses at Multiple Inputs

The comparison of the single dimensional and three-dimensional random responses of the bs10
bars in the multi-point input (considering the apparent wave velocity of seismic wave V = 2200m / s)
is given as shown in Fig. 3 and Fig. 4 respectively.
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Dynamic internal force va

Figure 3. Comparison of stationary and non-stationary three-dimensional responses of bs10
(Multi-point)

35
Y input
30 XYZ input

Dynamic internal force value k / N

1 2 3 4 5 6 7 8 9

Rod order

Figure 4. Comparison of three-dimensional and one-dimensional stationary responses of bs10
(Multi-point)

Comparison of multi-dimensional and single-dimensional seismic  response: the
three-dimensional seismic response of members is generally greater than that of single-dimensional
seismic response; the distribution rule of three-dimensional and single-dimensional seismic
response is generally similar; the dynamic internal force of chords along the upper and lower
transverse spans is larger at 1 / 4 span; the dynamic internal force of chords along the longitudinal
upper chord is larger at the middle span, while the dynamic internal force of the longitudinal lower
chord is larger near the support.

The influence of apparent wave velocity of seismic wave on seismic response: with the change
of apparent wave velocity of seismic wave, the dynamic internal force of different members may

become larger or smaller, but the change range is not large due to the small plane size of reticulated
shell structure.

4.3. Determination of Seismic Intensity

After 72 hours data processing, there are 4956 sensitive information, 1460 house damage
information, 75 secondary disaster information, 35 points including descriptive words of seismic
intensity in 52 Toponymic points, the highest value of the determined intensity is VIII degree, and
the points of VI degree, VII degree and VIII degree can be used as the survey data of theoretical
Isoseismal map correction. Through the exploratory test on the seismic intensity determination data
of 35 toponymes, it is found that the histogram of the data is normal distribution, as shown in Figure
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7.2. The maximum intensity area fitted is VIl degree area, which is smaller than the field survey,
and the scope of VIII area is larger. A large area of VI degree area appears at the top of the figure,
because there is no determination point data in this area, and the result of interpolation has some
deviation.

0.6~ q
0.4
0.2

0 — —
4 4.4 4.8 5.2 5.6 6 6.4 6.8 7.2

Data

Figure 5. 72 hours intensity determination data after the earthquake

Due to the large number of urban disasters near the epicenter and the heavy disaster situation, the
revised VI degree area is larger than the actual survey intensity area, and the VII degree area and
V111 degree area are closer to the actual survey situation. Because there is no IX degree survey data,
the theoretical calculation is taken as the criterion, and the area is smaller than the actual survey
area.

Two correction methods are adopted: one is to carry out spatial superposition analysis on
theoretical Isoseismal map and place name information, extract theoretical intensity of 103 place
name points as interpolation data basis, and carry out spatial interpolation analysis on the basis of
VI degree and above place name point data determined in this chapter, and draw the seismic
intensity map on the basis of the matching results; the other is to carry out spatial interpolation
analysis according to the earthquake site disaster assessment technology. In the method of intensity
isoseismal correction, the locations of VI degree and above are taken as survey data, and the
theoretical Isoseismal map is modified manually.

Finally, calculate the area of all levels of intensity areas in the seismic intensity map, calculate
and compare the area of all levels of intensity areas in the theoretical Isoseismal map of rapid
assessment of emergency command system, the intensity map drawn by spatial interpolation fitting
combining the intensity points of theoretical calculation and the intensity points determined by
network disaster, the intensity map modified manually and the intensity map of field investigation,
as shown in Table 1.

Table 1. Comparison of seismic intensity correction area (unit: km2)

) Theoretical Area corrected by Area after manual Field
Intensity area . . . .
calculation area interpolation correction survey area

Region VI 31670 31942 33510 13027
Region VII 5736 7406 10431 4029
Region VIII 684 2210 1546 1418

Region of 13 0 0 208
magnitude 9
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5. Conclusion

In this paper, the “virtual excitation method” is further extended to the analysis of
multi-dimensional and multi-point non-stationary random seismic response of spatial grid structure.
The theoretical formula of multi-dimensional virtual excitation random vibration analysis method is
derived, and the random model and parameter selection of multi-dimensional ground motion are
discussed. The random seismic response of latticed shell structure is analyzed by special computer
program. This method automatically includes the correlation terms between the vibration modes
and the input seismic components. The calculation is accurate and fast. It is very suitable for the
analysis of the random seismic response of the frequency intensive spatial grid structure. It is an
efficient random vibration analysis algorithm. This method provides an effective basis for studying
the seismic performance of spatial grid structure under multi-dimensional seismic action by using
stochastic theory.

Taking a mountain earthquake as an example, this paper makes an experimental analysis of the
research results. Firstly, 16253 disaster data are collected 72 hours after the earthquake. There are
72 place names in the epicenter, 52 of which contain disaster information. 16253 disaster data are
extracted and classified. After processing, there are 32988 disaster information. Among them, there
are many disaster data in city a and county B, 4956 sensible information and 1460 house damage
information. There are 75 secondary disaster information, including 35 place names with
descriptive words of earthquake intensity. The earthquake intensity of 35 place names is determined,
and the disaster information of 35 place names is analyzed by spatial interpolation and fitting. At
the same time, the theoretical Isoseismal map of rapid evaluation of the earthquake emergency
command system is modified and adjusted with the determined earthquake intensity points as
survey data.

Based on the study of the case that the ground motion is a stationary random process and a
uniform input, this paper further extends the virtual excitation method to the random response
analysis of long-span spatial grid structure under the action of multi-dimensional and multi-point
non-stationary earthquake, gives the virtual excitation multi-dimensional random vibration analysis
method, studies the random model and parameters of multi-dimensional ground motion, and
compiles a special computer score analysis of procedures. Finally, the random seismic response of a
double-layer cylindrical latticed shell is analyzed, and the response performance under various
conditions is compared, and the corresponding conclusions are given.
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