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In many cases of seismic reinforcement of over-track station 
buildings, a method is employed by which braces are installed to 
improve proof stress to resist seismic force.  In light of the nature 
of station buildings, however, such reinforcement work has to be 
carried out while maintaining the functions of the building.  This has 
often involved situations such as limitation of placement of braces, 
rethinking of placement plans and securing available substitute 
facilities, making work difficult.

Meanwhile, much aseismatic reinforcement work is carried out 
along with improvements for barrier-free access.  Such barrier-free 
improvement work is done to install elevators or escalators with the 
floor area often expanded in cases where there is no existing space 
to place them.  Hence, if we can use such expansion of adjacent 
buildings to reduce seismic response of the existing building and 
to relatively improve its aseismatic performance, we will achieve 
reduction of reinforcement work volume.

The purpose of this development is to improve aseismatic 
performance of existing buildings by using add-on buildings adjacent 
to existing ones rather than by conventional methods.  As shown 
in Fig. 1, one effective method would be to make the adjacent 
building an added vibration system to the existing building.  By 
doing so, energy absorption by kinetic energy of the added system 
or by vibration control devices can reduce seismic response to that 
building.  When such a system functions effectively, the bearing force 
required of the existing building can be lowered, and reinforcement 
volume can be reduced accordingly.

As a system that can be used in such method, a linked-structure 
vibration control method where multiple independent structures 

Study of Practical Application of 
Seismic Reinforcement Method 
for Over-track Station Buildings 
Using Adjacent Buildings

JR East has devised a new aseismatic reinforcement method for existing over-track station buildings.  In this method, we can reduce 

seismic response of the building to improve relative aseismatic performance using adjacent structures expanded in work for accessibility 

improvement carried out simultaneously.  It can cut reinforcement work volume as well as reduce costs and construction time.  In the model 

case, we evaluated aseismatic performance of the building of the applicable project by response analysis in a simplified mass system 

model.  The evaluation results demonstrated that simply coupling with dampers a non-linearly behaving vibration system with an added 

vibration system cannot bring about sufficient effects.  Coupling with an added vibration system that has dampers, however, demonstrates 

remarkable response reduction effects.  For further examination, we carried out seismic response analysis with a three-dimensional frame 

model in place of an actual building to identify response. 

Introduction1

with different vibration characteristics are connected by energy 
components (dampers) etc., has been proposed.1) 2) 3)  When applying 
this method to aseismatic reinforcement, however, optimizing the 
combination of vibration systems is difficult, and non-linear vibration 
systems have to be accepted in some cases.  We thus have to improve 
the method so it can be effective even in such cases.

3.1 Conditions and Optimized System Proposal

3.1.1 Plan Overview

In the model project, we planned to install elevators for barrier-free 
access to the existing over-track station building.  However, there is 
concern that aseismatic performance of that building is not sufficient, 
because it was built before implementation of the New Seismic 
Design Method, the present standard.

Table 1 shows the structural overview of an existing building, 
and Fig. 2 shows its floor plan and an overview of the accessibility 
improvement work.  In the plan, elevators are to be installed as the 
planned traffic line from concourse to platforms.  Since there was 
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shape.  Piles are to be placed in a single line in the direction parallel 
to the tracks for each platform.  Columns are to be placed in two 
lines on each side of the stairs, and in one line only on the existing 
building side.  Structures are to be connected to each other on the 
structure plane on the existing building side.

3.1.2 Aseismatic Performance of Existing Building

The results of aseismatic performance diagnosis5)6) revealed that 
aseismatic performance of the concourse level (second floor) is 
insufficient in the X direction.  Aseismatic performance of other 
components meets requirements.  The reason for insufficiency is the 
remarkable difference of performance in directions, since columns 
on the concourse level are H-shape steel and the strong axis for all of 
those is placed in the Y direction.

Fig. 4 shows relation between load and deformation in the X 
direction for each floor, obtained by static elastoplasticity analysis.  
The analysis results also show that aseismatic performance of the 
concourse level in X direction is poor.

3.1.3 Original Plan of Reinforcement by Adding Braces

Fig. 2 also shows the original reinforcement plan, where braces were 
to be added to two symmetric points on the periphery of the existing 
building.  The estimated results of are shown in Fig. 5, indicating 
that aseismatic performance of the concourse level would be greatly 
improved by that reinforcement.

Locating braces as shown in Fig. 2, however, would interfere 
facilities with water facilities of the building, creating problems in 

no space to accommodate elevators, we planned to move the existing 
escalators in the direction parallel to the tracks to expand floor space 
and then install the elevators in the newly created space between the 
stairs and the escalator.

Fig. 3 shows the structural image of the existing and add-on 
buildings.  The existing building has the following structural features: 
no underground beams in the direction at a right angle to the tracks, 
columns with H-shaped section with the strong axis in Y direction, 
and braces in X direction (weak axis) on the track floor (first floor).  
The expanded space is to be designed to comply with present design 
standards.4)  The frame of the expanded space is divided into blocks 
for individual in- and outbound platforms, all having about the same 

Relocate escalators

Reinforcement with braces

Install elevator

Add-on
structure

Existing
building

Fig. 2  Overview of Aseismatic Reinforcement (Original Plan) 

and Accessibility Improvement Work

Table 1  Structural Overview of the Existing Over-Track 

Station Building

Year of construction Constructed in 1972

2nd floor: Concourse

1st floor: Track level (platforms)

Two stories above ground

Height: 12.5m

Eave height: 10.0m

Building area: 917.2m2

Total floor area: 909.7m2

Structural type: Steel construction

Frame type:

Direction parallel to tracks (X direction): Rigid-frame structure with braces

Direction at right angle to tracks (Y direction): Rigid-frame structure

Pile foundation (Cast-in-place piles of 600 mm diameter, 

PC piles of 350 and 300 mm diameter)

Underground beams only in direction parallel to tracks

Purpose

Dimensions

Structure

Type of foundation

Existing building

X direction
(parallel to tracks)

Y direction
(right angle to tracks)

Add-on structure

Aboveground

Fig. 3  Structural Model Image
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Fig. 4  Relation Between Load and Deformation 
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of Construction as the target, and then multiplied that foundation 
wave by the surface amplification factor Gs = 1.5, equivalent to that 
of normal foundation.  In this way, we obtained the ground level 
model seismic waveform (phase: uniform pseudorandom number, 
maximum acceleration: 552 gal), and used that in the analysis.  The 
damping force coefficient of the structures is h = 2%, an initial 
rigidity proportion type.

Fig. 8 and 9 show the analysis results.  No models with different 
coupling methods for the area at (2) and different coupling 
performance could meet 1/100 or less story drift, the target design 
criteria.  Comparison of models shows that coupling by oil dampers 
showed better effects than coupling by hysteresis dampers for 
reduction of response shear force and response displacement.  Still, 
absolute reduction was not very large.  In particular, deformation 
of the platform level of the both existing and add-on buildings was 
large due probably to the fact that mass of the add-on building at the 
platform level is relatively small to that of the existing building, so 
sufficient vibration control effect was not obtained.  In this project, 
total weight of the add-on building is 1,735 kN, while that of the 
existing building is 8,707 kN, making it only approx. 20% the 
weight of the existing building.

Furthermore, deformation at the platform level greatly exceeded 
yield deformation.  In response, the deformation reached the non-
linear range.  Therefore, the natural period varies according to 
amount of deformation, identifying the optimal damping level is 
difficult, and vibration control sufficient to demonstrate a control 
effect is not achieved.  Additionally, since plastic strain energy is 
dominant in that range, energy absorption effect by dampers could 
not be clearly produced.  

performing that work.  Those include removal and reinstallation 
of finishing, securing substitute facilities during the work period 
and temporary changeover and reinstallation of water supply and 
drainage pipes.

3.2 Proposal of Reinforcement Using Add-on Buildings
The add-on is a newly built structure that can offer sufficient 
aseismatic performance.  Thus, to improve aseismatic performance of 
the existing over-track station building, we considered a method of 
making the existing building and the add-on both bear seismic force 
by coupling those.  In this method, we would add dampers as needed 
to control vibration of the structure.

Specifically, we examined (1) dampers to couple rigid floors, and 
(2) interlaminar dampers to couple floors of the add-on structure.  
Since installing dampers at the roof level would be difficult in terms 
of design, we will use rigid connection to make up for insufficient 
rigidity of the existing building.  For the concourse level of the add-
on, we will place hysteresis dampers for the purpose of improving 
horizontal rigidity as well as linking the existing and add-on 
buildings.  Fig. 6 shows a conceptual image of a frame form.

4.1 Response Reduction Effect of Model with Dampers 

Between Rigid Floors

First, we studied Model 1, a method of coupling rigid floors.  Fig. 7 
shows the analyzed model.  The roofs of the existing and add-on 
buildings (area at (1) in the figure) are rigidly connected, and a 
hysteresis damper is installed to the area at (3).  We then conducted 
time history response analysis of the following models with type and 
performance of the damper at (2) as parameters,.
• Model 11: No dampers (free)
• Model 12: Hysteresis dampers (four patterns)
• Model 13: Oil dampers (10 patterns)

Resilience characteristics of each building are converted into 
trilinear springs based on the load-deformation relation obtained 
by static elasto-plasticity analysis.  In each model, maximum 
damping force of the hysteresis damper is 100 to 600 kN, and that 
of the oil damper is 300 to 1,000 kN.  Initial rigidity (damping force 
coefficient) and yield load (relief load) vary in models.

For incident seismic vibration, we assumed very rare seismic 
vibration.  First, we generated a foundation wave, with acceleration 
response spectrum shown in the announcement of former Ministry 

Damper to couple rigid floors

Level with insufficient
aseismatic performance

Existing building Add-on building

Hysteresis damper

Damper to couple levels 
of add-on

Fig. 6  Frame Form Conceptual Image
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Fig. 7  Model with Dampers Between Rigid Floors
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4.2 Response Reduction Effect of Interlaminar Damper Model

Next, we examined Model 2, a method of placing dampers between 
floors in the added vibration system.  Fig. 10 shows the analyzed 
model.  Differences from the model with dampers between rigid 
floors are as follows.  The damper at (2) is installed at (4) instead, 
and (2) is rigidly connected or free; dampers to reinforce the existing 
building are installed in the add-on building (at (3) and (4)).  In 
this analysis, we use the damper at (4) as a parameter.  When rigidly 
coupling for (1) and (2), this model can be considered a two-mass 
system model too.  Analyzed cases are shown in Table 2, and specs 
of dampers at (2) and (4) as analysis parameters are in Table 3.  
Analysis conditions at (1) and (3) remain the same as in the previous 
paragraph.

Fig. 11 to 13 show the analysis results.  Comparing those to 
the difference at (2), we can find no significant difference between 
response values at the concourse level, but a clear difference between 
those on the track level.  At the track level of the add-on part in 
particular, larger acceleration is generated than at the concourse level 
when making (2) free.  When rigidly coupling the structures at (2), 
response acceleration and story displacement are both reduced, and 
story drift drops to as much as 1/100 or less.  Dispersion of response 
values is different in height direction too.

The parametric study result by time history response analysis of 
the model with dampers connecting rigid floors and the interlaminar 
damper model can be summarized as follows.
•  In the model with dampers connecting rigid floors, displacement at 

the track level of the both buildings is too large to meet target story 
drift performance.

•  In the interlaminar damper model, that target can be fulfilled 
by rigidly coupling the buildings at (2) and installing an oil 
damper at (4).

•  Response by Model 25 reinforcement that showed maximum 
vibration control achieves performance equivalent to or better 
than conventional reinforcement, making well-balanced control of 
deformation at the track and concourse levels.

Roof

Existing building

Absolute acceleration (cm/s2)

(a) Existing part (b) Add-on part
Absolute acceleration (cm/s2)

Add-on building

Concourse

Roof

Concourse

Fig. 11  Maximum Response Absolute Acceleration (Model 2)

Roof

Existing building

Displacement (cm)

(a) Existing part (b) Add-on part
Displacement (cm)

Add-on building

Concourse

Roof

Concourse

Fig. 12  Maximum Response Story Displacement (Model 2)
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Fig. 13  Maximum Response of Story Drift (Model 2)
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Add-on building Legend symbols

Rigid coupling

Hysteresis damper
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Fig. 10  Interlaminar Damper Model

Model

Model 21

Model 22

Model 23

Model 24

Model 25

Model 26

Damper at (2)

None (free)

None (free)

None (free)

Rigid connection

Rigid connection

Rigid connection

Damper at (4)

Hysteresis damper

Oil damper 1

Oil damper 2

Hysteresis damper

Oil damper 1

Oil damper 2

Table 2  Analyzed Cases

Model

Hysteresis
damper

Oil damper 1

Oil damper 2

Initial rigidity:
K1 (kN/cm)

Yield
displacement:

xy (cm)

Yield load:
Qy (kN)

Damping
coefficient

C1(kN*sec/m)

Relief speed:
vy (cm/sec)

Relief load:
Qy (kN)

197 1.65 325 0.00

20

10

600

300

0.05

0.05
30

30

Second-order 
stiffness:

Coefficient    

Second-order 
stiffness:

Coefficient    

Table 3  Damper Specification
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Seismic Response Analysis 
by Three-Dimensional Frame Model5

The study in the previous chapter clarified that installing interlaminar 
dampers to the add-on part in addition to rigid coupling of the 
existing and add-on parts enables effective response reduction.  
So, we next conducted time history response analysis using a 
three-dimensional frame model, aiming to understand structural 
performance in more detail.

5.1 Analysis Overview

5.1.1 Analyzed Model

Fig. 14 shows the analyzed model.  Here we set four analysis cases: 
existing building only (Model A), existing building reinforced with 
braces (Model B), existing and add-on parts linked (Model C), and 
adding an interlaminar oil damper to the add-on part in Model C 
(Model D).

We selected a Rocking-Sway model for modeling the existing part, 
taking into consideration the column-base structural form and the 
fact that there are no footing beams in the direction at a right angle 
to the tracks.

In the add-on structure, footing beams are omitted directly under 
the tracks only.  So, stress is transferred through footing beams 
that are rigidly connected to columns at individual platforms.  We 
converted this structure into an upper-lower connected structure 
model.  To piles, we added discrete springs that bilinearly modeled 
horizontal ground reaction force.  Piles are elastic elements, supported 
at the head by pins.  Damping facter is rigidity proportional type of 
2% for upper structure, and 10% for column-base springs of the 
existing building and horizontal discrete springs of the extension, 
considering in-ground radiation damping.

5.1.2 Seismic Wave for Study

For the incident seismic waves, we chose ground level model seismic 
waves generated based on seismic waves on engineering bedrock, 
taking into consideration amplification characteristics obtained by 
equivalent linear analysis of surface ground.

We created three model seismic waves on engineering bedrock 
of uniform random number (named Announcement Wave 
L2-1, L2-2 and L2-3 respectively), with the target spectrum being the 
acceleration response spectrum of Level 2 seismic motion specified 
in the Announcement7) and phase being JMA KOBE 1995 NS, 
HACHINOHE 1968 EW.  As the envelope function for random 
phase, we used the function for Level 28).  Fig. 15 shows compatibility 
of response spectrum of 5% damping facter to target spectrum.  
From the ground survey result, we specified engineering ground at 
the upper surface of a sandy soil layer at 48.5 m or deeper below 
ground level and Vs of the foundation at 450 m/sec.  Damping facter 
for that engineering ground and shallower ground is based on low-
distortion values of the non-linear model that is applied to each layer.  
Predominant period of the foundation can be calculated from the 
ground survey result at T = 0.72 sec.

Considering non-linearity of response analysis of ground, we 
worked out response analysis of the ground model that consists of 
surface layer of uniform and parallel layers (bedding) and lower 
ground by analysis based on propagation of harmonic shear waves in 
a one-dimentional system.

Additionally, we used previously observed waves of El Centro 1940 
NS, Taft 1952 EW and Hachinohe 1968 NS.  Those are standardized 
to 50 cm/sec. maximum speed as Level 2 seismic motion.  Fig. 15 
also shows response spectrum of 5% damping facter.

5.2 Analysis Results

5.2.1 Existing Building (Before Reinforcement)/Add-on 

Structure Separated Model

Primary natural period by eigen analysis was 0.755 sec. in translation 
mode in X direction.  That is close to the predominant period of 
ground, raising concern of magnification by resonance.

Table 4 lists maximum response values at each seismic wave input 
in Model A.  The table shows that the maximum value is seen when 
inputting Announcement Wave L2-1.  While story drift at the center 

Existing part
SR model

Unbonded brace
(hysteresis damper)

Add-on part
Upper-lower structure

Coupled model

Rocking-Sway spring
(column-base)

Brace
(conventional

reinforcement):
Model B

Pile and
discrete spring

Oil damper
(viscous damping element):

 Model D

Fig. 14  Three-Dimensional Frame Model

Announcement L2-1 JMA Kobe NS phase
Announcement L2-2 Hachinohe EW phase
Announcement L2-3 RANDOM phase
Target spectrum (engineering ground)

ELCENTRO 1940 NS
TAFT 1952 EW
HACHINOHE 1968 NS

Speed [cm/sec.]

Natural period [sec.]

(a) Modeled seismic wave (b) Observed wave

Natural period [sec.]

Speed [cm/sec.]

Fig. 15  Target Spectrum and Acceleration Response Spectrum 

of Seismic Wave for Study
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of mass of the track floor was 1/100 or less, story drift of the outer 
frame was around 1/80 at maximum, demonstrating that torsion is 
caused.  On the concourse level, the maximum response story drift 
was as large as 1/20 due to insufficient aseismatic performance, but 
we do not see much effect of torsion.

The maximum response ductility ratio of materials is 4 or more 
at the concourse level and 3 or more at the track level.  This means 
frame damage is severe.

5.2.2 Brace Reinforcement Model (Model B)

The primary natural period by eigen analysis was 0.679 sec. in 
translation mode in X direction.

Table 5 lists maximum response values at each seismic wave input 
in Model B.  The table shows that values were large at inputting 
Announcement Wave L2-3 and El Centro at the center of mass.  
Reinforcement reduced deformation on the concourse level, lowering 
story drift to much less than 1/100.  On the other hand, story drift 
on the track level was 1/90 at the center of mass and 1/72 at the 
outer frame, showing that torsion was caused.

Looking at component ductility ratio, we find that the maximum 
ductility ratios of some materials reached around 4, while no 
materials yielded at the concourse level.

5.2.3 Added-on Coupling Model (Model C)
Primary natural period by eigen analysis was 0.623 sec. in translation 
mode in X direction.

Table 6 lists maximum response values at each seismic wave input 
in Model C.  The table shows that values reached the maximum 
when inputting El Centro.  The results demonstrate that the add-on 
also bore seismic force, reducing deformation on the concourse level.  
Story drift at the center of mass on the concourse level was less than 
1/100, and at the center of mass on the track level 1/99.  But, story 
drift at the outer frame on the track level was 1/77, showing that 
torsion was caused.

Looking at the maximum ductility ratio, we find that no materials 
on the concourse level obtain plasticity and some materials yield on 
the track level; however, all of those were less than the target value 
of 4.  The maximum response displacement of unbonded braces was 
3.61 cm, equal to approx. 2.7% when converted into distortion.

5.2.4 Add-on Coupling Model with Damper (Model D)

Table 7 lists maximum response values at each seismic wave input in 
Model D.  The list shows that values reached the maximum when 
inputting El Centro, both on the track and concourse levels.  Thanks 
to the effect of installing dampers to the add-on, deformation at the 
concourse level was reduced, lowering story drift at the center of mass 
to less than 1/100.  Story drift at the outer frame on the track level 
was 1/85, showing that torsion was caused.

While no materials on the concourse level obtained plasticity, 
some materials on the track floor yielded when inputting El 
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Table 5  Maximum Response Values (Model B)
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Centro.  However, ductility ratios of those were all less than 4.  The 
maximum deformation of unbonded braces was 3.25 cm, and the 
maximum distortion of that was around 2.4%.  As for oil dampers, 
the maximum response speed was less than 35 cm/sec. and response 
displacement less than 4 cm.  Those have a large margin in relation to 
design limit values (50 cm/sec., 8 cm).

5.2.5 Comparison of Analysis Results of Each Model

Comparing analysis results of each model, we see that response 
displacement at the concourse level is improved in Models B, C 
and D compared to Model A.  However, in Model B, balance of 
rigidity and stress in the height direction deteriorates, and some 
incident waves magnify response at the track level.  In Models C 
and D, response of the existing building can be improved without 
major change in balance in height direction.  In Model C, however, 
response values exceed acceptable values at some incident waves.  
In Model D, where oil dampers control such excess, we confirmed 
that response displacement is controlled, and plasticity of frame is 
controlled at the same time by absorption of energy of that response 
displacement.

Response at Announcement Waves L2-1 to L2-3 shows almost the 
same tendency, while that at observed strong waves vary.  Considering 
the reason for response spectra of incident seismic waves, those of 
announcement waves are generated by amplifying seismic wave shape 
fitted on the engineering bedrock at a ground property, so all three 
waves have similar shape for the response spectrum shown in Fig. 15.  

On the other hand, each period element on the spectrum differs by 
seismic wave shape as observed strong waves are standardized only at 
maximum speed to 50 cm/sec.  Analysis results could be affected by 
that magnified amplitude.

Next, we make quantitative evaluation of effects of the oil 
damper by comparing energy balances in Models C and D.  Fig. 16 
exemplifies energy time history at input of Announcement Wave 
L2-3.  Decrease of total input energy in Model D could be because 
apparent rigidity of the oil damper moves the natural frequency to 
shorter side.  On the other hand, strain energy that correlates to 
frame deformation is reduced to around 2/3 that of Model C.  The 
energy that is reduced is absorbed by the oil damper.  Table 8 shows 
rates of strain energy to total input energy.  At six incident seismic 
waves, share of strain energy to total input energy is 16.11% on 
an average in Model C, while an average 10.95% of total energy is 
absorbed as strain energy in Model D.  So, the difference of energy 
rate is 4.5% to 6%.  In other words, installing oil dampers reduces 
absorption rate of strain energy that affects building damage by 
approx. 5%.

Quickly proceeding with reinforcement of existing station buildings 
is essential to secure safety of railway facilities.  To streamline 
reinforcement design and work, application of damage control 
mechanisms including this method could be effective.  In the future, 
we will further improve on and propose effective methods that 
contribute to more efficient earthquake countermeasures.
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Conclusion6

(a) Existing building

(b) Add-on Building and Damper

Announcement
wave
L2-1

Announcement
wave
L2-2

Announcement
wave
L2-3

El
Centeo

Taft

Hachinohe

Announcement
wave
L2-1

Announcement
wave
L2-2

Announcement
wave
L2-3

El
Centeo

Taft

Hachinohe

Incident
wave

Story drift (rad) Material
ductility 

ratio

Story
shear force
coefficientCenter of

mass
Base line

X1
Base line

H

Story
displacement

(at column-base)
(cm)

Floor

Story drift (rad)

Base line
C

Base line
G

Story
displacement

(at column-base)
(cm)

Unbonded brace
(upper: deformation,

lower: distortion)

Oil damper
(upper: displacement,

lower: speed)

Incident
wave Floor

Table 7  Maximum Response Values (Model D)
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