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Seismic Analysis  with  the class-1 geology (hard soil)
following the guideline of construction loads by Architectural Institute of Japan, also ISO3010
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Acceleration Response Spectrum at Kitakami site

A0=150 gal

    

(1) 0  T  dTc : Sa =

✓
1 +

fA � 1

d

T

Tc

◆
FhGARAA0

(2) dTc  T  Tc : Sa = fAFhGARAA0

Damping (Fh )

dTc Tc

Tc =
2⇡fV GV RV V0

fAGARAA0
= 0.33sec

dTc = 0.17sec for d = 0.5

Kitakami is a site 
with hard soil.

(1) (2) (3)

(3) Tc  T : Sa =
2⇡fV FhGV RV V0

T

ζ=0.02 (iron structure)

ζ=0.05(concrete)

Amplification 
( fA, fV )

input to fixed 
points of the 
structure

rock bed

Displacement:x(f, ⇣) =
Sa(T, ⇣)

(2⇡f)2
Frequency:f =

1

T

469gal

375gal

(constant velocity spectrum)



ロ♂
200年間持仙

図3－2　期待加速度分布地図（河角マップ）

（日本電気協会，「原子力発電所耐震設計技術指針」，JEAG4601－1987より抜粋）
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Seismic Hazard Map in Japan : Maximum acceleration (gal) 
in recurrence intervals (T) of earthquake 

Kawasumi map : based on earthquakes 
from 679 to 1,948 in Japan
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Site-dependent parameters in seismic analysis for hard soil 
   A0 (150 at Kitakami site ): Basic maximum acceleration of ground motion 
   V0 (A0/15 hard) : Basic maximum velocity of ground motion 
   RA (1.0 hard): conversion coefficient of recurrence intervals (std:100y) of the maximum acceleration 
   Rv (1.0 hard) : conversion coefficient of recurrence intervals (std:100y) of the maximum velocity 
   GA (1.0 hard): site-dependent (ground type) correction factor of the maximum acceleration 
   Gv (1.0 hard): site-dependent (ground type) correction factor of the maximum velocity 
   Fh (1.25/1.0 hard): Correction factor by damping,1.5/(1+10ς) withς=0.02/0.05 for steel/concrete 
　fA (2.5 hard): ratio of GARAA0 of Sa(T,ς) in dTc<T<Tc ,  amplification factor 
   fv (2.0 hard): ratio of GvRvV0 of the velocity spectrum Sv(T, ς)= Sa(T, ς)T/2π in Tc<T, amplification factor 
   d (0.5 hard): dTc/Tc, ratio of lower bound of period (dTc) relative to the upper one (Tc=0.33sec hard) 
         in the constant Sa(T,ς) 

Natural vibration analysis of structures
Calculation of natural frequencies, own natural periods, natural angular 
frequencies, natural vibration modes, impulse constants, effective masses 
 then,   
Estimation of maximum displacement, maximum response acceleration, and 
maximum stress  to be reviewed if it is less than the allowable stress.
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The 2011 off the Pacific coast 
of Tohoku Earthquake  (M9.0) 
and after shocks for a week

The 2011 off the Pacific coast of Tohoku Earthquake



Acceleration/Velocity/Displacement Response Spectrum
2011.3.11  M9.0
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Platform = “concrete”, ζ=0.05

ILD support legs = 
“iron”, ζ=0.02

Natural period ?



H. Yamaoka, “Magnet seismic analysis”, 10 July, 2007, KEK
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Summary/recommendation on seismic studies 
for the Kitakami site

1.  Earthquake protection should follow AIJ and ISO3010; 
      uses analysis with the response spectrum 

2.  Earthquake model at Kitakami site : 
      150 gal (100 years)  as the earthquake representative  A0 
       , where flat period between 0.17 to 0.34sec ( dTc - Tc) 
       , using the damping coefficient ζ=0.05 (0.02) for concrete  
          (iron) base structure 

3.  For ILD earthquake protection 
     -  Natural periods of the structure and each sub-detectors 
      -  Nothing should exceed the material allowable stress 
      -  Minimum gaps should be enough for the natural vibrations 
      -  Isolation must be carefully designed on the platform
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Editorial Note: We are granted the permission for reproduction of permitted the extract of the
code in the World List 2008 from the ISO Central Secretariat. 
Paragraphs 1, 5, 6 and annexes A, B, C of ISO 3010:2001, Basis for design of structures –
Seismic actions on structures are reproduced with the permission of the International
Organization for Standardization, ISO. This standard can be obtained from any ISO member
and from the Web site of the ISO Central Secretariat at the following address: www.iso.org.
Copyright remains with ISO.   

ISO3010

a) (ultimate limit state: ULS) The structure should not collapse nor experience 
other similar forms of structural failure due to severe earthquake ground 
motions that could occur at the site . 

b) (serviceability limit state: SLS) The structure should withstand moderate 
earthquake ground motions which may be expected to occur at the site 
during the service life of the structure with damage within accepted limits.

In both cases, the seismic force can be the maximum acceleration of 
earthquakes in the recurrence intervals of 100 years, but the response force of 
ULS is larger 5 times than the SLS,  or ULS for 500years and SLS for 20years.

The ISO 3010 is expected to be used as a raw material for new national regulations or as a guideline 
for revising existing national regulations.



 
Normalized design response spectrum 
The normalized design response spectrum can be interpreted as an acceleration spectrum normalized by 
the maximum ground acceleration for design purpose. It may be of the form as illustrated in Figure 1. In 
the figure, kR is the ordinate of the normalized design response spectrum, and kRo is a factor dependent on 
the soil profile and the characteristics of the structure, e.g. the damping of the structure. For a structure 
with a damping ratio of 0.05 resting on average quality soil, kRo may be taken as 2 to 3. T is the 
fundamental natural period of the structure, Tc and T’c are the corner periods related to the soil condition, 
and η is an exponent that can vary from 1/3 to 1. T’c may be taken as 1/5 to 1/2 of Tc .  
 
For example, Tc can be taken as  

- 0.3 to 0.5 s for stiff and hard soil conditions,  
- 0.5 to 0.8 s for intermediate soil conditions,  
- 0.8 to 1.2 s for loose and soft soil conditions. 
 

For structures with a fundamental natural period shorter than T’c , it is recommended to use kR = kRo as 
indicated by the dotted line in Figure 1, because of the uncertainties in ground motion characteristics and 
the unconservative estimation of structural factor kD in this range. For determining forces at longer 
periods, it is recommended that a lower limit be considered as indicated by the dashed line in Figure 1. 
The value of this level may be taken as 1/3 to 1/5 of kRo.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 - Normalized design response spectrum  

 
Seismic force distribution factor 
  The seismic force distribution factor kF,i, which is identical to the coefficient of seismic force distribution 
φ,i   described in the original ISO 3010, can be determined by  

∑
=

=
n

j
jj

ii
i

hF

hF
k

1

ν

ν

G,

G,
F,       (5) 

where,  
FG,i is the gravity load of the structure at the i th level, 
hi is the height above the base to the i th level, 
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Normalized design response spectrum

T’c =(1/5 - 1/2 )Tc

=2 ~ 3, depends on the soil profile and the characteristics 
of the structure

=1/3 ~1

(1/3 ~ 1/5)kR0

Tc =0.3-0.5 for hard, 0.5-0.8 for intermediate, 0.8-1.2 for soft soil

by maximum ground acceleration

ULS :design lateral seismic force, FE,u,i =γE kZ kE,u kD kR kF,i Σj=nj=i FG,j

SLS :design lateral seismic force, FE,s,i =γE kZ kE,s kR kF,i Σj=nj=i FG,j      , kZ = seismic hazard zoning factor

At each level of the structure such as a skyscraper, the forces are defined by;

, summing loads upper levels from i to n



Recent studies indicate that kDµ also depends on the natural period of vibration of the structure and the 
possible reduction in strength remains minimal for structures having a shorter fundamental natural period. 
kDs is a function of the difference between the actual strength and calculated strength and varies according 
to the method of strength calculation. Quantification of these factors is a matter of debate, and one generic 
term kD has been adopted in most codes. 
 
The structural factor kD  may be, for example, 

- 1/5 to 1/3 for systems with excellent ductility,  
- 1/3 to 1/2 for systems with medium ductility,  
- 1/2 to 1 for systems with poor ductility.  
 

These values of kD are under continuing investigation and may take other values in some circumstances. 
 
Load factors and representative values 
γ E,u and γ E,s are, for example, listed in Tables 1 and 2 for a region of relatively high seismic hazard, along 
with the representative values of earthquake ground motion intensity kE,u and kE,s. An example using the 
unity load factor for a normal degree of importance is shown in Table 1, while a common representative 
value kE is used in Table 2. 

 

Table 1 – Example 1 for load factors γ E,u and γ E,s  
and representative values kE,u  and kE,s  (where kE,u  ≠ kE,s  ) 

LIMIT STATE DEGREE OF 
IMPORTANCE γ E,u or γ E,s kE,u or kE,s 

Return period for 
kE,u or kE,s 

a) High 1.5 – 2.0 

b) Normal 1.0 Ultimate 

c) Low 0.4 – 0.8 

0.4 500 years 

a) High 1.5 – 3.0 

b) Normal 1.0 Serviceability 

c) Low 0.4 – 0.8 

0.08 20 years 

 
 

Table 2 – Example 2 for load factors γ E,u and γ E,s 
and representative value kE  

LIMIT STATE DEGREE OF 
IMPORTANCE γ E,u or γ E,s 

kE 

= kE,u = kE,s 
Return period for 

kE 

a) High 3.0 – 4.0 

b) Normal 2.0 Ultimate 

c) Low 0.8 – 1.6 

a) High 0.6 – 1.2 

b) Normal 0.4 Serviceability 

c) Low 0.16 – 0.32 

0.2 100 years 

 

ULS : structural factor kD =1/5 - 1/3 for systems with excellent ductility 
                                  kD =1/3 - 1/2 for systems with medium ductility 

　kD =1/2 - 1 for systems with poor ductility


