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Over-track buildings constructed in the space over tracks and 
platforms differ from general buildings in that they use structural 
forms with special conditions such as having long column spans and 
inability to set up footing beams (Fig. 1).  And building materials 
are larger and aseismatic performance greater than that of general 
buildings, since the buildings are designed taking into account issues 
such as train operation, safety of passengers and other users, and 
quick restoration performance in major earthquakes.  Moreover, 
major construction of structure frames is done near tracks and 
much work is at night near the tracks.  Due to such conditions, 
construction of over-track buildings often has longer construction 
time and increased construction costs.  There is thus a demand for 
large-scale reduction of work near tracks. 

One way to shorten construction time, reduce costs, and achieve 
quick recovery performance after earthquakes for over-track buildings 
construction is to reduce seismic force on over-track buildings by 
using seismic isolation technology.  We therefore proposed new 
structure forms created by introduction of seismic isolation and 
verified structural performance through seismic response analysis.  
Based on results of structural performance verification from that 
analysis, we sorted out issues facing introduction of seismic isolation 
technology to future over-track buildings. 

Basic Study of New Structure 
Forms with Seismic Isolation 
to Reduce Costs of Over-track 
Buildings

Many restrictions apply in designing and constructing over-track buildings because they are erected while trains are in operation. 
Furthermore, over-track buildings are structures such as stations that have a high degree of public use, so high safety performance and 
quick restoration performance in times of disaster are demanded.  On top of that, much of the major construction for building structures 
is done near tracks and at night, leading to longer construction time and increased construction costs.  We therefore proposed new 
structure forms created by introducing seismic isolation to streamline construction of over-track buildings, and we verified their structural 
performance through analysis.  From analysis results, we confirmed that the size of structural materials—architectural foundation pile 
diameter, for instance—could be reduced by introducing new structure forms, and we have sorted out the issues facing future attainment 
of those forms.

Introduction1

2.1 Methods of Studying Structural Performance 
of Over-track Buildings

2.1.1 Comparison of Structural Performance in Low-level 
Over-track Buildings

Currently many over-track buildings are designed to be 20 m or 
less in height and have four or fewer floors as stipulated in the 2002 
version of “Structural Design Standards for Structures (Low Level) 
above Tracks”1).  Foundation pile construction and other work near 
tracks needs to be made more efficient for low-level over-track 
buildings.  We therefore conducted a study on the possibility of 
reducing size of foundation piles for low-level over-track buildings by 
introducing seismic isolation.   

The Building Standards Law requires that we verify building 
safety for level 2 seismic motion (occurring once every few hundred 
years) and design the building structure based on that.  To study the 
effects of introducing seismic isolation to over-track buildings, we 
conducted seismic response analysis for that level 2 seismic motion 
as specified by the Building Standards Law and compared structural 
performance.   

2.1.2 Model Studied 
Of the low-level over-track buildings shown in Table 1 and Fig. 2, we 
compared conventional and seismically isolated structure building 
behavior in earthquakes in the two-dimensional model for the 
direction in a right angle to the tracks (Fig. 3) where column span 
restrictions are large due to tracks.  As over-track buildings do not 
have footing beams, deformation of foundation piles tends to be 
large.  We thus modeled building underground parts in consideration 
of soil-structure interaction in addition to aboveground parts. 

The lower the seismic isolator is located in the building with a 
seismic isolation structure, the greater the seismic isolation effect.  
However, locating the seismic isolation layer under the tracks is 
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acceleration response spectrum2) of level 2 seismic motion specified 
in the Building Standards Law.  The observed earthquake motion 
is the seismic waves shown in Fig. 5 standardized at maximum 
velocity of 50 cm/sec equivalent to level 2 seismic motion using the 
El Centro 1940 NS component, Taft 1952 EW component, and 
Hachinohe 1968 NS component.  Fig. 6 shows the acceleration 

difficult in construction terms.  Furthermore, the building will need 
to be larger and diagonal movement space such as stairways will 
increase if the seismic isolation layer is located in the middle section 
of the building, possibly resulting in restrictions to the floor space 
plan of the building.  We thus studied a seismic isolation structure 
where the seismic isolator is located at the track level instead of 
having a seismic isolation layer.  The seismic isolator we chose was a 
lead rubber bearing having the performance shown in Table 2 that 
could exhibit seismic isolation functions by installing one type of 
material to the track-level columns.  Seismic isolators were installed 
at two locations: at the connection between pile foundation and 
column for pile head seismic isolation and at the track-level column 
capital for column capital seismic isolation.  

2.1.3 Input Earthquake Motion
Input seismic motion in the analysis is modeled earthquake motion 
and observed earthquake motion.  The modeled earthquake motion 
is the three waves shown in Fig. 4 created taking into account 
magnification characteristics of the subsurface layer, using the 

Dimensions Floor area
No. of floors
Height
Steel frame 
Parallel to track 
Right angle to track 
Structure form with no underground beam
Cast-in-place RC pile foundation 
Pile diameter: 2,200 to 1,800 mm, Pile length: 24 m

8,852 m2

Three stories above ground 
17.4 m

Rigid frame structure 
Rigid frame structure

Structure type
Frame type

Foundation type

Table 1  Low-Level Over-Track Building Main Feature

Column capital 
seismic isolation

Pile head
seismic isolation

Right angle to trackParallel to track

Fig. 2  Low-level Over-track Building Model

Aboveground part up building

Underground part up building

Aboveground part up building
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Fig. 3  Model of Building at Right Angle to Track

Outside
diameter
of rubber

(mm)

Lead
diameter

(mm)

Rubber
layer

thickness
(mm)

Vertical
rigidity Primary

rigidity
Secondary

rigidity
Intercept

load

Horizontal performance
( γ  = 1.0, temp. = 20ºC)

(kN/m)
(kN/m) (kN/m) (kN)

650 140 202 2.10 × 106 8463 651 123

Table 2  Lead Rubber Bearing Performance 
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Fig. 5  Observed Earthquake Motion
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Fig. 4  Modeled Earthquake Motion
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Fig. 6  Input Earthquake Motion Acceleration Response Spectrum
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As pile head horizontal deformation cannot be suppressed by 
footing beams in structure forms without those beams, foundation 
piles are deformed greatly up to a depth of around 10 meters.  
Foundation pile deformation affects behavior of the upper part 
of the building in an earthquake, so identification of behavior in 
an earthquake is needed that appropriately assesses foundation 
pile and ground deformation for structure forms without footing 
beams.  Furthermore, maximum bending moment that occurs in 
foundation piles tends to be larger at the underground part than 
at the pile head.  We thus discovered that foundation piles need 
to have sufficient bearing capacity against the maximum bending 
moment in earthquakes. 

2.3 Seismic Response Analysis Results for 
Seismic Isolation Structures

Building maximum response values of pile head seismic isolation 
acceleration and displacement in relation to input earthquake 
motion are shown in Fig. 9 and maximum response values of 
column capital seismic isolation acceleration and displacement in 
Fig. 10, with conventional structure model wave L2-1 results for 
those also shown.  Pile head seismic isolation and column capital 

response spectrum of the individual earthquake motion.  We input 
those earthquake motions to the ends of piles, and performed time 
history response analysis. 

2.2 Seismic Response Analysis Results for 
Conventional Structures

Fig. 7 shows the building maximum response values of 
acceleration and displacement for input earthquake motion.  
Slight difference in response values can be seen depending on 
the difference in input earthquake motion, but building response 
to earthquake motion tends to be the same for the most part.  
Maximum acceleration is magnified about three times at the third 
floor compared to at the column-base.  Also, from distribution of 
maximum displacement, we discovered that pile and foundation 
response is affected by upper-level response.  That is demonstrated 
by observations such as the first floor column-base deformation 
tending to be large due to the structure form having no footing 
beam and the maximum displacement of the first floor column-
base tending to be large at 5 cm. 

Fig. 8 shows the foundation pile maximum displacement and 
maximum bending moment in relation to input earthquake motion.  
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Fig. 7  Max. Response Acceleration/
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Fig. 8  Maximum Response Acceleration and Displacement 
of Conventional Structures
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Fig. 9  Max. Response Acceleration/Displacement 
with Pile Head Seismic Isolation
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seismic isolation both reduce maximum acceleration compared to 
conventional structures at the second and higher floors above the 
location of seismic isolators, and lateral force from earthquakes is 
reduced.  Building maximum displacement with seismic isolators 
is larger than that of conventional structures in both cases.  
However, just the seismic isolator deforms greatly, and maximum 
displacement even at the upper floors in the over-track space is 
mostly constant.  This demonstrates that with seismic isolation 
structures, building buckling and deformation in large earthquakes 
does not occur unlike with conventional structures, and stress 
on building materials can be reduced.  Large differences were 
not seen between pile head seismic isolation and column capital 
seismic isolation for building behavior at the over-track space.  
However, with pile head seismic isolation, maximum displacement 
at the area higher than the track-level column capital was 30 cm or 
larger, very likely interfering with structural gauge.  With column 
capital seismic isolation, on the other hand, track-level column 
deformation is curtailed, and the affect on structural gauge is 
assumed to be small. 

Next, Fig. 11 shows maximum displacement and maximum 
bending moment of foundation piles with pile head seismic 
isolation. Fig. 12 shows maximum displacement and maximum 
bending moment with column capital seismic isolation.  And, 
both of those show conventional structure modeled wave L2-1 
results.  Even at the same input earthquake motion as conventional 
structures, pile head displacement is reduced to 1 cm or less with 
seismic isolation structure, and foundation pile deformation is to 
a depth of about 5 m.  With both pile head and column capital 
seismic isolation, pile maximum bending moment is maximum at 
around 6 m in the underground part, the same as for conventional 
structures.  However, that maximum value is reduced by about 
10% with pile head seismic isolation and 20% with column capital 
seismic isolation.  For foundation piles, pile head seismic isolation 
has higher response reduction effect in earthquakes than column 
capital seismic isolation. 

Finally, we studied the possibility of reducing the diameter 
of foundation piles with the reduction of seismic force from 
seismic isolation structures.  First, we calculated the foundation 

pile diameter if allowing foundation pile deformation of the 
same degree as with conventional structures.  As a simplified 
method, we assumed the ground to be uniform, discovering by 
theoretical solution of semi-infinite length piles on elastic support3) 
that foundation piles diameter could be reduced to about 60% 
with column capital seismic isolation.  Then, foundation pile 
diameter with column capital seismic isolation also could be 
reduced to about 60% if response acting on the foundation piles in 
relation to bending moment is made to be the same degree as with 
conventional structures. 

We were able in this verification to confirm the reduction effect on 
seismic force and possibility of reducing foundation pile size achieved 
by introducing seismic isolation.  However, the following issues may 
affect introduction to actual over-track buildings. 
• Verification of safety against large deformation 
Deformation of the area where seismic isolators are installed will 
be large when reducing seismic force.  If seismic isolation material 
is installed at pile heads and column capitals, the seismic isolation 
material may deform by bending in addition to deforming by 
shearing, so we must identify deformation performance of seismic 
isolation materials.  Furthermore, we must identify building safety 
and the effect on train operation and railway facilities at that time, 
as well as consider countermeasures for those.  
• Study of how to install seismic isolators in limited space
In the special structural form of over-track buildings, devices with 
seismic isolation function are only located around the columns if 
a seismic isolation layer is not installed at middle section of the 
building.  Development of devices and study of how to install them 
is needed to exhibit more efficient seismic isolation performance in 
limited installation locations.  

Issues in Introduction of Seismic Isolation 
Structures for Over-track Buildings3

D
ep

th
 (m

)

Modeled wave 
L2-1

Modeled wave 
L2-2

Modeled wave 
L2-3

Conventional
structure

EL Centro Taft Hachinohe

(a) Displacement

Displacement (cm) Maximum bending moment (MN • m)

(b) Bending moment

Fig. 11  Foundation Pile Max. Displacement/Bending Moment 
with Pile Head Seismic Isolation
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Fig. 12  Foundation Pile Max. Displacement/Bending Moment 
with Column Capital Seismic Isolation



12 JR EAST Technical Review-No.14

Special edition paper

Reference:
1) Structural Design Standards for Structures (Low Level) above 

Tracks 2002, Association of Railway Architects, June 2002
2) Announcement No. 1461, Official Gazette (Supplement No. 106), 

Ministry of Construction, May 2000
3) Recommendations for Design of Building Foundations, 

Architectural Institute of Japan, October 2001

 Conclusion 4

To efficiently construct over-track buildings, we studied by seismic 
response analysis the introduction of structure forms that use 
seismic isolation technology.  As a result of that study, we confirmed 
that foundation piles could be made smaller thanks to seismic force 
reduction in seismic isolated structures. 

In the future, we will study through experiments and more 
detailed analysis issues related to introduction of seismic isolation 
technology.  And we plan to work on R&D to achieve efficient use 
of over-track space.   




