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ABSTRACT

Using moving support finite elements, seismic analysis of statically-determinate beams subjected 
to support motions is performed to show its accuracy and its ease of use. Examples of cantilever and 
simply-supported beam subjected to support motions are illustrated and the numerical results are 
compared with the analytical solutions. The examples show the elements facilitate modeling beams 
with the conventional 2-noded, Hermitian, Euler-Bernoulli beam element. The comparisons of the 
results with analytical solutions show good agreements with high accuracy.
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Fig. 1 A simply-supported beam subjected to support 

motions, )(ta  at 0x  and )(tb  at Lx  
 

 
Fig. 2 Cantilever subjected to a support motion 
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Fig. 3 A Euler-Bernoulli beam element 
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(1)  (left-hinged element) 
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(2)  (right-hinged element) 

sj

sj

sj

sj

sj

sj

j

i

i

j

i

i

ly

ly

y

l

EI

yl

yl

y
ml

y

lll

lll

ll

l

EI

y

lll

lll

ll
ml

6
6
12

22
13
54

420
426
246
6612

4313
3422
1322156

420

3
22

22
3

22

22

                    (7) 
 

(3)  (left-fixed element) 
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(4)  (right-fixed element) 
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2.3     

Fig. 4      
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(a) Simply-supported beam subjected to support motions 
 

 
 
 
 
 
 
 

(b) Cantilever subjected to a support motion 
 

Fig. 4 Discretization of typical beams subjected to 
support motions. 
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Fig. 5 The ground acceleration time history, which is the 
east-west direction accelogram for the first six seconds 
recorded at the El Centro site in the Imperial Valley 
irrigation district on May 18, 1940. 

 

 

     

 Table 1  . Table 1 (a)  

( mx 20 )  , ,   

, Table 1 (b)  sec6.4t  

(0~6 sec     )

 , ,     

. Table 1      

       . 

     

  Table 2  . Table 2 (a)

  ( mx 30 )  , , 

  , Table 2 (b)  

sec6.5t  (0~6 sec    

 )  , ,   

  . Table 2    

      

   . 

4.    

     

      

 ,     

      

,    . 

  , ,   

      

   .   

   ,    

 .  

   

     

. 

    

(1) P. Léger, I. M. Idé and P. Paultre, 1990, 
Multiple-support seismic analysis of large structures, 
Computers & Structures, Vol. 36, No. 6, pp. 
1153~1158. 

(2) R. D. Mindlin and L. E. Goodman, 1950, Beam 
vibrations with time-dependent boundary conditions, 
Journal of Applied Mechanics, ASME, Vol. 17, pp. 
377~380. 

(3) Y.-W. Kim and M. J. Jhung, 2011, 
Mathematical analysis using two modeling techniques 
for dynamic responses of a structure subjected to a 
ground acceleration time history, Nuclear Engineering 
and Technology, Vol. 43, No. 4, pp. 361~374. 

(4)  Guide, 2002, V70 
Advanced Dynamic Analysis. 

(5) Y.-W. Kim and M. J. Jhung, 2013, Moving 
support elements for dynamic finite element analysis 
of statically determinate beams subjected to support 
motions, Transaction of the KSME A, Vol. 37, No. 4 
(to be published). 

 

 

time t (sec) 

ac
ce

le
ra

tio
n 

(g
) 

-197-



   
 

Table 1 Cantilever subjected to seismic acceleration time history at the fixed end (NEL=20, 0005.0t s) 
 

 

 

 

 

 

 

 

 

(a) Responses at )(20 mx  (b) Displacement, slope, bending moment and shear 
force distribution when t=4.6(sec) 
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Table 2 Simply-supported beam subjected to seismic acceleration time history at both ends (NEL=20, 0005.0t s) 

  

  

  

 

 

 

 

 

 

 

(a) Responses at )(30 mx  (b) Displacement, slope, bending moment and shear 
force distribution when t=5.6 (sec) 
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