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1   Introduction

Four distinct phenomena give rise to the spatial 
variability of earthquake-induced ground motions 
(Kiureghian, 1996): (1) loss of coherency of seismic 
waves due to scattering in the heterogeneous medium 
of the ground, as well as due to the differential super 
positioning of waves arriving from an extended source, 
collectively denoted herein as the ‘incoherence’ effect; 
(2) difference in the arrival times of waves at separate 
stations, denoted herein as the ‘wave-passage’ effect; 
(3) gradual decay of wave amplitudes with distance 
due to geometric spreading and energy dissipation in 
the ground medium, denoted herein as the ‘attenuation’ 
effect; and (4) spatially varying local soil profi les and 
the manner in which they infl uence the amplitude and 
frequency content of the bedrock motion underneath 
each station as it propagates upward, denoted herein as 
the ‘site-response’ effect. Traditional seismic response 
analysis often neglects the spatial variation. In other 
words, the earthquake ground motions of different 

supports are unique. It will not produce large error when 
the span is small. However, for large-span building and 
bridge structures, the inconsistency at different supports 
with different excitations will lead to the structural 
seismic response differing from the unique excitation, 
so the assumption of unique input is unreasonable. The 
research on the earthquake response analysis of large-
span structures subjected to multi-support excitations 
was put forward in order to study the infl uence of the 
spatial effects on these structures and ensure their safety. 
At present, the study of the seismic response of structures 
to multi-support excitations has not been fully explored. 
There is no perfect theoretical system and design method 
yet. Only the Eurocode (EN 1998-2) specifi es that the 
spatial variation of ground motion needs to be considered 
in the earthquake analysis if the bridge’s span exceeds a 
given limitation or the soil properties of a local site vary 
considerably. There are only a small number of tests to 
confi rm these parameters (Yan et al., 2013; Fang et al., 
2012) because laboratories do not yet have the capacity 
for such testing. As a result, the numerical computation 
method is the main tool used to account for this problem. 
The methods of analysis used for structures subjected to 
multi-support excitations include time-history analysis 
method, response spectrum method and random vibration 
method (Leger et al., 1990; Kiureghian and Neuenhofer, 
1992; Hao, 1989). More researchers prefer the random 
vibration method because of its statistical properties 
(Soyluk and Dumanoglu, 2000; Ates et al., 2005; 
Dumanoglu and Soyluk, 2003). The Pseudo Excitation 
Method (Lin et al., 2004; Lin and Zhang, 1992) has 
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sped up the promotion of the random vibration method 
because it solved the problem of complex theory and 
computation complexity of the conventional method. 
This study puts forward a practical solution form of 
the multi-support pseudo excitations method. The time 
item is separated, while the calculation precision is not 
infl uenced.

Many literature reviews show that the different 
distribution of supports results in the discrepancy of 
regularity of the seismic response of structures subjected 
to multi-support excitations. It is reasonable to study 
the seismic response of these  structures with specifi c 
support distribution. Most of the research uses specifi c 
engineering projects to study the infl uence mechanism 
of the spatial effect, which is diffi cult. The single span 
with single mass model, as the simplifi ed multi-support 
excitation model, is considered by Zhang et al. (2005) 
and Ding et al. (2008). The analytic formulae of the 
seismic response PSD considering the wave effect and 
incoherence effect are derived. The infl uence parameters 
of the structural response, such as wave velocity, 
coherence function and the span of the structure, are 
quantitatively analyzed. The power spectrum analytic 
formulae of vibration mode coordinates and internal 
forces for a simplifi ed model with a single span and two 
mass are derived by Jiang et al. (2010). In addition, the 
excitation of different vibration modes to multi-support 
excitations is analyzed and the characteristics of dynamic 
response are studied. 

In addition to structural properties, such as the span 
and stiffness considered in the simplifi ed model as 
stated before, and that have great infl uence on structural 
response, the number of supports (or the number of 
spans) is also important. The more supports the structure 
has, the more complicated the seismic excitations 
become. Consequently, this study uses a simplifi ed multi-
span structure model to study the mechanism of multi-
support excitation effects, including the wave-passage 
effect and incoherence effect, on the seismic response 
of multi- and large-span structures. The infl uence of 
multi-support excitation effects on the seismic response 
of such structures is studied by using a multi-span truss 
as an example.

2  Calculation method of the random seismic 
     response to multi-support excitations

2.1 Dynamic equation of multi-support excitations

To facilitate the formula derivation later, this section 
fi rst introduces the solving method of the dynamic 
equation of multi-support excitations (Clough and 
Penzien, 1993).

The general form of the dynamic equation of multi-
support excitations is shown as follows: 

ss sb ss sbs s

bs bb bs bbb b

ss sb s

bs bb b b
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       (1)

where index s and b denote structure and foundation, 
respectively; X is the displacement vector; M, C and K 
are mass, damping and stiffness matrix, respectively; and 
Pb is the force of the bearing applied by the foundation. 
Usually the absolute displacement is distributed into 
pseudo-static displacement and relative dynamic 
displacement (with superscript s and d, respectively).

s d
s s s

b b 0
    

     
    

X X X
X X

                         (2)

Neglecting the items of inertial force and damping in 
Eq. (1) gives the following equation for the response of 
pseudo-static displacement by static calculation.

s -1 -1
s ss sb b b ss sb,    X K K X RX R K K           (3)

Substituting Eq. (3) into Eq. (1) and neglecting the 
damping of the bearing gives the dynamic equation of 
relative dynamic displacement response as follows:

 d d d
ss s ss s ss s ss sb b      M X C X K X M R M X     (4)

The pseudo-static displacement and relative dynamic 
displacement are obtained by Eqs. (3) and (4), and then 
the total displacement can be obtained by Eq. (2).

2.2  Multi-support pseudo excitation method 

In the pseudo excitation method, the virtual ground 
acceleration and displacement excitations are fi rst 
obtained according to the spatial effect of ground motion 
(Lin et al., 2004). 
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where superscript ~ representatives the virtual item, and 
Matrix P can be obtained by the Cholesky decomposition 
of seismic power spectrum matrix S(iω) as follows:

  * Ti S P P                               (6)

Transferring the virtual ground motion into virtual 
acceleration and displacement of the support DOF gives:
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E is the transformation matrix between ground motion 
and support DOFs which considers the type of seismic 
wave and the relationship between the direction of the 
propagation and the structure DOFs (Lin et al., 2004). 
The formation and decomposition of multi-support 
ground motion power spectrum matrix is also introduced 
by Lin et al. (2004).

Substituting Eq. (7) into Eq. (3) and Eq. (4) gives:

s
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1 exp(i )t
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Then, substituting Eq. (8) and Eq. (9) into Eq. (2) 
gives the virtual displacement response as follows:

s d
s s s   X X X                          (10)

According to the principle of pseudo excitation 
method, the total displacement response spectrum can 
be written by:
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Equation (11) can be expanded as follows:
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where
s s

s (i )X XS ,
s s

d (i )X XS  and 
s s

sd (i )X XS  denote 
pseudo-static displacement power spectrum, the relative 
dynamic displacement power spectrum and the cross 
power spectrum of the coupled item of these two, 
respectively.

According to random vibration theory, structural 
response, such as the mean square deviation and the 
extreme expectation of response, can be calculated by the 
response power spectrum. This study adopts the extreme 
expectation of response (simplifi ed as maximum value 
below) proposed by Davenport (1961).

2.3   Practical solution form of multi-support pseudo 
        excitations method

In the process of theoretical derivation of the 
pseudo-excitation method, exp(iωt), as an artifi cial item, 
is the most important part. In Section 2.2, exp(iωt) is 
also a relatively independent item. It is not necessary 
because the time variable t does not take part in the 
calculation. This section will study the solving method 
of Eqs. (8) and (9). To simplify the solving method of 
the structural pseudo response and the pseudo excitation 
form of the bearing, the time item exp(iωt) is taken out 
of the solution process and a more practical solution 
form of the pseudo excitations method to multi-support 
excitation is put forward.

Equation (8) is a static calculation process, so 
exp(iωt) can be ignored. Then Eq. (8) can be expressed 
as follows:

s s
s s exp(i )t 


X X                       (13)
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where subscript ~ denotes the corresponding virtual item 
without the time item exp(iωt).

The right side of Eq. (9) is the typical harmonic 
excitation load. If only the steady-state response is 
considered, the structure response of Eq. (9) can be 
written as follows:

d d
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Accordingly, the total response is:
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s d
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Substituting Eq. (17) back into Eq. (11) to solve the 
response power spectral density gives:

s s

* T * T
s s s s(i )     

 X XS X X X X                 (19)

It can be seen from the above equation that  s
X  

is equivalent to s


X  when solving the power spectral 



530                                             EARTHQUAKE ENGINEERING AND ENGINEERING VIBRATION                                            Vol.14

density. Therefore, the original virtual response solving 
process of Eq. (8), Eq. (9) and Eq. (17) can be equivalent 
to the solving process of Eq. (14), Eq. (16) and Eq. (18), 
while the latter has nothing to do with the time item 
exp(iωt).

In order to correspond with the change of the solving 
process, the form of pseudo excitation is also transformed 
without the time variable.

b b 2

1


  X EP X EP 
 

，
               

(20)

Thus, Eq. (14) and Eq. (16) can be expressed by 
transformed pseudo excitation as follows:

s
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Based on the derivation above, the practical solving 
process of the multi-support pseudo excitation method 
has been put forward as follows:

(1) Construct the pseudo excitation of the bearing 
without the time item according to Eq. (20)

(2) Solve Eqs. (21) and (22) to obtain the pseudo 
static response and relative dynamic response without 
the time item; then add these two to obtain the total 
pseudo response.

(3) Substitute the structural pseudo response without 
the time item into Eq. (19) to obtain the response power 
spectral density.

This solving process is a practical adjustment based 
on the theory of the multi-support pseudo excitation 
method. The whole process has nothing to do with time 
item exp(iωt), so the form is more concise and easier to 
program.

3 Infl uence mechanism of multi-support 
    excitation effects for the seismic response 
      of multi- and large-span structures

By using the simplifi ed multi-span structural 
model as an example, the mechanism of multi-support 
excitation effects, including the wave-passage effect and 
incoherence effect, for the seismic response of multi- 
and large-span structures is studied.

3.1  Model and parameters

3.1.1 Structural model
A simplifi ed n-span structural model is shown in the 

following fi gure:
The quality and stiffness of the model can refer to 

the gravity and natural frequency setting of the actual 

large-span structure: the lumped mass at the top of 
column m = 2.0×104 kg, the axial stiffness of each beam 
k1 = 1000 kN/m, the lateral stiffness of each column k2 = 
400 kN/m, the structural damping ratio ζ = 0.05, the span 

Li = 50 m, and dij =
1j

l
l i

L



  denotes the spacing of bearing i 

and j (i, j = 1, 2, …, n+1, i<j).
3.1.2 Parameters of multi-support ground motion 

Assume that the seismic wave propagates along the 
longitudinal direction and two spatial effects, the wave-
passage effect and incoherence effect, are considered. 
Thus, two conditions are selected as follows: 

Condition 1: Only wave-passage effect is considered
The incoherence effect is not considered in this 

condition where only the infl uence of the wave-passage 
effect is studied. The wave-passage effect is refl ected by 
apparent wave velocity vapp. For convenience of analysis, 
the wave-passage frequency ωij= 2πvapp/dij is introduced 
as the analysis parameter. This condition assumes the 
seismic ground motion of each support is completely 
coherent; that is, the coherence function of any two 
supports i and j (i, j = 1, 2, …, n+1, i < j) ρij(ω) = 1.

Condition 2: Both wave-passage effect and 
incoherence effect are considered 

The infl uence of the incoherence effect can be further 
studied by comparing the calculation results between 
Condition 1 and Condition 2. The parameters of the 
wave-passage effect are the same as those of Condition 1. 
The incoherence effect can be refl ected by the coherence 
function ρij(ω). The commonly used Harichandran-
Vanmarcke (simplifi ed as H-V) coherence function 
model is adopted (Harichandran and Vanmarcke, 1986).
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The earthquake acceleration power spectral density 
function of each support is Sa(ω). This study adopts the 
practical power spectral model, which is synthesized by 

Fig. 1  Simplifi ed structural model
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the modifi ed response spectrum in the Chinese Code 
for Seismic Design of Buildings (2010). In order to 
ensure the rationality of the ground motion displacement 
characteristics, the long period segment of the response 
spectrum is revised (Jiang, 2010); the linear descending 
stage of the response spectrum is replaced by the form 
of T2 with a starting period of 2 s. Assuming that there is 
a frequent earthquake with the fortifi cation intensity of 
7 degrees, II class site and the third design earthquake 
group (GB50011-2010), the synthetic ground motion 
acceleration power spectrum Sa(ω) and displacement 
power spectrum Su(ω) are shown in Fig. 2.
3.1.3 Response of structure

This study adopts the relative displacement method, 
which divides the total response into a pseudo-static 
response and relative dynamic response to solve the 
dynamic equation. From the results of the analysis, it is 
seen that the infl uence mechanism of the pseudo-static 
response and relative dynamic response to multi-support 
excitations has large differences. Therefore, this research 
investigates the changes of the pseudo-static response, 
relative dynamic response and total response to study the 
regularity of the structural seismic response. Since the 
relative dynamic response to multi-support excitations 
has no essential differences with the dynamic response 
to unique excitations, the mode excitation degree 
can be used to refl ect the relative dynamic response 
characteristics. The following response quantities are 
chosen herein to study the infl uence mechanism of the 
multi-support excitation effect.The responses of the 
structure include: 

(1) Relative dynamic mode coordinate
The relative dynamic modal coordinate qk directly 

refl ects the contribution degree of the kth stage mode to 
relative dynamic response.

d

1

N

k k
k

X q                           (24)

where Xd denotes the structural relative dynamic 
response, and φk denotes the kth stage mode vector.  

(2) Structural internal force
The structural internal force includes the shear of 

column Vj and the axial force of beam Fj (i and j denote 
the number of columns and beams respectively, counted 
from left to right in Fig. 1). Each response includes the 
corresponding pseudo-static response, relative dynamic 
response and total response.

3.2  Infl uence of multi-support excitation effects on 
        the structural response

3.2.1 Response power spectrum
Jiang et al. (2010) has studied the infl uence 

mechanism of a simplifi ed single-span model under the 
multi-support excitation effect. On this basis, this section 
further studies the infl uence mechanism of a simplifi ed 
two-span model to the multi-support excitation effect.

The response power spectrum of the two-span 
structure is derived fi rst by the pseudo excitation method 
to analyze its characteristics and also calculate the 
maximum of response to study the change of structural 
seismic response under the multi-support excitations 
effect as the number of spans increase. 

Only the pseudo-static and relativistic dynamic items 
are discussed herein, because the coupling term does not 
contribute very much to the total response. Due to space 
limitations, this paper only lists the typical response 
calculation formulae that are simple and can refl ect the 
substantial characteristics of the structural response.

The simplifi ed two-span structure has three modes. 
The natural frequency and mode are shown in Table 1. 
The structural parameters are as follows: m = 2.0×104 kg, 
k1=1000 kN/m, k2=400 kN/m, L1= L2= 50 m, ζ =  0.05. 

The pseudo-static value of the beam›s axial force is 
equal to the corresponding value of the side-column›s 
shear force. Thus, only studying the pseudo-static value 
of the column›s axial force gives:

     s s 2
1i iV V uS E k S                  (25)

where s
iVE  denotes the pseudo-static multi-support effect 

item of the ith (i = 1, 2, 3) column’s shear force.
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Fig. 2    Seismic power spectral density function curve
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Assigning the apparent wave velocity value vapp= 
200 m/s, the results of the analytical expression above 
can be obtained as shown in Fig. 3 ‒ Fig. 6. “wave” 
and “wave+incohe” in Fig. 3 and Fig. 4, respectively, 
denotes Condition 1 and Condition 2. Figures 5 and 6 
only show the multi-support effect item of Condition 2. 
The infl uence mechanism of the multi-support effects on 
the structure response power spectrum can be obtained 
by the comprehensive analysis of each formula and each 
fi gure as follows.

(1) Any response power spectrum can be obtained 
by multiplying an item unrelated to the multi-support 
analysis and a multi-support effect item. The multi-
support effect item is a trigonometric function which 

Table 1   Characteristics of simplifi ed two-span structure

Stage Natural frequency Modal vector Mode

1 1 2k m  ( 1, 1, 1)

2  2 1 2k k m   ( 1, 0, -1)

3  3 1 23k k m   ( 1, -2, 1)
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The structural relative dynamic response can be 
refl ected by vibration mode coordinates. The power 
spectrum of the ith (i=1, 2, 3) stage mode coordinates is:

       2d d

i iq q i aS E H S                  (29)

where Hi(ω) denotes the transfer function of the ith (i = 1, 
2, 3) stage mode, and d

iqE  denotes the relative dynamic 
multi-support effect of the ith stage mode coordinates. 
Using the fi rst stage mode as an example:

.

.

.

.
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includes wave-passage frequency ωij and incoherence 
function ρij; where ωij infl uences the period of the 
function and ρij infl uences the amplitude of the function.

(2) The wave-passage effect leads to the multi-
support effect item as a trigonometric function 
distribution. All the wave-passage frequency ωij between 
different bearings of the multi-span structure can have 
an effect on the response. The multi-support effect item 
is superimposed by several trigonometric functions. 
Therefore, the period and the peak point distribution of 
the function become more complex, as shown in Fig. 3.

(3) The incoherence effect can decrease the amplitude 
of the trigonometric functions of the multi-support effect 
item. Due to the incoherence function, ρij is less than 1, 
the amplitude of Condition 2 is less than condition 1. 
The greater the frequency, the higher the reduction in the 

amplitude.
(4) The multi-support effect item has a large 

distribution in the whole frequency domain, but when the 
other item of response analytic expression is multiplied 
by the distribution range of the effective value becomes 
small. In Fig. 5, the seismic displacement power spectrum 
is mainly distributed in the low frequency band, so the 
effective value of the pseudo static multi-support effect 
item is also distributed in the low frequency band. It 
can be seen in Fig. 6 that the mode transform function, 
only distributing near the natural frequency, has narrow 
band characteristics. Thus, when the transform function 
is multiplied by the multi-support effect item, only the 
value of the multi-support effect item near the natural 
frequency has a large infl uence on the value of the 
response power spectrum.
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3.2.2 Extreme response
The analysis given in Section 3.2.1 shows that 

multi-support effects have a great infl uence on the 
relative dynamic response when the frequency variable 
reaches the structural natural frequency. Thus, in the 
analysis discussed in this section, ωk/ωij, as independent 
variables, is used to consider wave velocity, where ωk 
denotes the kth stage natural frequency, and ωij denotes 
wave-passage frequency. For the same ωk, as ωk/ωij 
becomes larger, the wave velocity will be smaller and 
the the wave-passage effect will be stronger. Because the 
infl uence degree of vibration mode and wave-passage 
frequency on different responses is diverse, the values 
of i, j and k should be defi ned in specifi c situation. The 
calculation results are shown in Fig. 7 and Fig. 8. In 
Fig. 8, t, d and s, respectively, denote the total response, 
relative dynamic response and pseudo-static response.

The fi gures show: 
(1) In Fig. 7 and Fig. 8, the relationship between 

relative dynamic response and variable ωk/ωij is shown 
as a trigonometric distribution. In Fig. 8, the pseudo static 
response monotonically increases with the variable ωk/ωij.

(2) The wave-passage effect makes the response curves 
presented as trigonometric distribution. The maximum 
value of mode coordinates has a clear relationship with 
the corresponding variable ωk/ωij as shown in Fig. 7. The 
distribution of peak values is obvious: when ωk/ωij=0.5m 
(m=0, 1, 2…), the corresponding mode coordinates 
reach the extreme. Figure 7 also shows that the wave-
passage frequency ω21 between the adjacent bearings 
has the most direct infl uence on the 1st stage and the 

3rd stage vibration mode coordinates. Meanwhile, the 
wave-passage frequency ω31 between two side bearings 
controls the 2nd stage vibration mode coordinate.

(3) The incoherence effect infl uences the amplitude 
of the response curve. When the variable ωk/ωij is small, 
the incoherence effect is large. When the variable ωk/ωij 
becomes higher, the incoherence effect becomes much 
smaller when compared to the wave-passage effect, and 
then the incoherence effect can be neglected.

(4) From the numerical values in Fig. 7, although the 
2nd and 3rd stage modes are excited when considering 
the multi-support effect, these two mode coordinates are 
still much weaker than the 1st stage mode coordinate. 
Thus, the 1st stage mode should still be the most 
important infl uence factor on the column shear force. 
It also can be seen that the change law of the column 
relative dynamic response as shown in Fig. 8 is similar 
to the 1st stage relative dynamic mode coordinates in 
Fig. 7(a). Since the 1st stage mode cannot induce the 
internal forces of the beam, the change law of the beam 
relative dynamic response in Fig. 8 is similar to the 2nd 
and 3rd stage relative dynamic mode coordinates in Fig. 7.

3.3 Infl uence factor of the number of spans on the 
       structural response

Assuming the number of spans is 1, 2, 3, 4, and 5, 
respectively, Condition 2, which considers both wave-
passage effect and incoherence effect, is adopted. The 
internal force of Column 1, Column 2 and Beam 1 as 
shown in Fig. 9 ‒ Fig. 11 are discussed in this section. 
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To facilitate comparison, the abscissas of the fi gures are 
the same as those in Section 3.2.2. As the number of 
spans changes, the change law of structural response has 
obvious variations.

(1) As the number of spans is increased, the pseudo 
static responses of the internal force of the columns and 
beams also increase. When the number of span reaches 
4 or 5, continued increasing number has no obvious 
impact on the structural pseudo static response.

(2) As the number of spans is increased, the 
fl uctuations of the structural relative dynamic response 
curve become more obvious and the wave number also 
increases. This situation is caused by more wave-passage 
frequency ωij and coherence function ρij appearing after 
the supports have been increased. For the structure with a 
different number of spans, the peak value of the internal 
force curves of the columns have no signifi cant changes. 
However, there are differences in the peak value of the 
beams because the increased number of spans causes 
the natural frequency of the high stage vibration mode 

to change, which causes the corresponding variation of 
dynamic response.

4  Example analyses

4.1 Model and parameters

A 3-span railway station composed of a steel truss 
is shown in Fig. 12. The truss is supported by four rows 
of columns. Column 1 and Column 4 are rectangular 
concrete columns, and Column 2 and Column 3 are 
circle steel tubular columns. All the steel types adopt 
Q345. The seismic parameters of the site where the 
structure is located are listed below: 7 degree fortifi cation 
intensity, II class site and the third design earthquake 
group (GB50011-2010). The synthetic ground motion 
acceleration power spectrum Sa(ω) and displacement 
power spectrum Su(ω) are the same as in the previous 
example shown in Fig. 2.
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Assuming that the seismic vibration direction and 
propagation direction are the same as the span direction, 
both the wave-passage effect and incoherence effect 
are considered. The analysis in Section 3 shows that 
structural responses have great fl uctuation along with 
the variation of wave velocity, so several reasonable 
apparent wave velocities are adopted in the calculation. 
According to the fact that the equivalent shear wave 
velocity of this site is 300 m/s and the seismic velocity 
of the bedrock is over 1000 m/s, seven apparent wave 
velocities vapp= ∞,1600, 1000, 800, 600, 400, 300 m/s are 
selected. The Harichandran-Vanmarcke model (1986) 
as shown in Eq. (23) is used as the coherence function.

For projects in practice, the amount of the component 
is large and the variation of the cross sections or internal 
forces is great. In order to analyze the infl uence of the 
multi-support excitation effects, multi-support excitation 
response parameter κ is adopted:

multi - support excitation response
uniform excitation response

             (34)

4.2  Results and analysis

4.2.1 Column
The structure has bilateral symmetry, so only the 

shear force response of Column 1 and Column 2 with a 
changing wave velocity are given as shown in Fig. 13. 
Obviously, for the column shear force, κ is less than 1 by 
considering the multi-support excitation effects. Since 
the maximum value of the abscissa variable ω1/ω41 is 
still less than 0.5 and the curve doesn’t reach the fi rst 
minimum point, the value of κ keeps reducing gradually; 
that is, it is safe for the column calculation without 
considering the multi-support excitation effect.
4.2.2 Truss member

Figure 14 shows the truss axial force distribution 
along the span direction. The abscissa denotes the 
components' center coordinates along the span direction. 
Obviously, multi-support excitation effects have little 
infl uence on web members but much infl uence on the 
chord members, especially when the parameter κ of the 
mid-span lower chord axial force has exceeded 20. For  
uniform excitation, the responses of these members are 
signifi cantly undervalued from the study of parameter κ, 
and the corresponding design may be unsafe.

In order to further evaluate the structural safety with 
regard to multi-support excitation effects, the section 
stress distribution along the span direction is given in 
Fig. 15. The stress to uniform excitations is also showed 
for comparison. By comparing the curves of stress and 
κ value, it can be seen that the stress of the mid-span 
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chord caused by the earthquake is low, with a value of 10 
MPa. It is much lower than the design value of material 
strength. The value κ of this point is large because the 
value of the response to uniform excitation is close to 
0. The members with relatively large stress are located 
in the range of 50‒70 m and the fi gure shows that the 
response of these members decreases after considering 
multi-support excitation effects with a value of κ less 
than 1. In conclusion, a large κ value corresponds to low 
stress, while a high stress corresponds to κ values of less 
than 1. Consequently, multi-support excitation effects 
have less impact on the seismic response of this kind of 
structure. 

5   Conclusion

This study adopts several methods, such as formula 
derivation, numerical calculation and so on, to study 
the seismic response of a simplifi ed multi-span model 
and multi-span truss to multi-support excitations. Both 
the wave-passage effect and the incoherence effect are 
considered. The conclusions are given as follows:

(1) The seismic response of a structure is given in 
the form of triangle functions by wave-passage effect 
and incoherence effect. The wave-passage frequency 
affects the function’s period and the coherence function 
infl uences the amplitude attenuation.

(2) The pseudo static response increases as the 
number of spans is increased. When the number of spans 
reaches 4 or 5, a larger number of spans has little impact 
on the structural pseudo static response. The more spans 
the structure has, the more complicated the fl uctuation of 
the relative dynamic response curve will be.

(3) If the ratio κ of the multi-support excitation 
response to uniform excitation response is used as the 
evaluation parameter, it may overestimate the infl uence 
of the multi-support excitation effects on structural safety. 
In order to obtain a more comprehensive evaluation, the 
analysis of the design parameter should be synthesized.
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