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ABSTRACT: Based on studies conducted in recent decades, it has been determined that the 
characteristics of earthquakes in the near-field zone are different from those of earthquakes far 
from faults[1], Among these differences, we can mention the effect of the vertical component of the 
earthquake. Earthquakes near faults have unique features that neglecting them can increase the damages 
and human and environmental disasters caused by these types of earthquakes, and their effects on 
the environment and existing structures can be several times greater. Most of these damages occur in 
the short distance from the epicenter, especially in the horizontal components of long-span bridges, 
structures, and buildings[1]. The effects of the vertical component of the earthquake in the past were 
considered negligible, so in past researches and the old versions of some regulations, the effect of the 
vertical component of the earthquake was ignored or it was considered as a coefficient (two-thirds) of 
the horizontal component. Therefore, one of the simple methods to determine the design spectrum of the 
vertical earthquake component is to use empirical relationships such as the V/H spectral ratio (vertical 
to horizontal component).
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1- Introduction
Several studies have been done in relation to the vertical 

component of the earthquake  ]10-5[  ]4-2[ and relations 
and coefficients for the V/H spectral ratio have been 
introduced]13-11[. On the other hand, some international 
regulations and engineering guidelines in their old and new 
versions have different recommendations for determining 
this ratio ]18-14[ , for example, the fourth edition of the 2800 
standard considers the effects of the vertical component of 
the earthquake as a vertical force]19[.

According to the studies conducted in this field, it has been 
found that the examination of the vertical component and its 
relationship with the horizontal component of earthquakes 
in the near-field zone has been neglected in Iran. No action 
has been taken in this field so far in Iran, even though 
this coefficient (V/H ratio) is determined in international 
regulations and researches.

The importance of determining the vertical component 
of earthquakes as an important parameter that can play a 
decisive role in designing some structures and vital arteries 
becomes clear when considering the high seismicity of 
some areas in Iran and the presence of active faults in the 
vicinity of some population and urban centers and Also, the 
existence of the Alpine-Himalayan seismic belt.  Therefore, 
the importance of this parameter can be better understood by 

focusing more on determining the vertical-to-horizontal ratio, 
especially in sites near to faults. Therefore, the necessity of 
studying and determining the vertical earthquake component 
as an important parameter is emphasized.

The purpose of this research is to determine the ratio of the 
vertical component to the horizontal component based on the 
data of the area near the fault of Iran. Therefore, This study, 
using data from Iran’s near-field earthquakes, including 69 
(not only the pulse-like data) earthquake records (obtained 
from the Housing and Urban Development Research Center 
of Iran]20[   ) which occurred inside Iran with epicentral 
distances less than 30 km and Mw≥5 and PHGA≥200 m/s2, 
the V/H (vertical to the horizontal) ratio was determined.

2- Materials and Methods
The most common value of damping to determine the 

characteristics of strong ground motion and compare the 
response spectrum of earthquakes is 5% damping, which is 
used in the design of engineering structures. In the response 
spectrum presented in Iran’s 2800 regulation, 5% damping 
is also used, therefore, 5% damping is used to prepare the 
corrected data response spectrum.

3- Results
The general results and the correlation coefficient of 
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from Iran's near-field earthquakes, including 69 (not only the pulse-like data) earthquake records 
(obtained from the Housing and Urban Development Research Center of Iran  [21]  ) which 
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the V/H (vertical to the horizontal) ratio was determined. 

 

Materials and Methods: 

The most common value of damping to determine the characteristics of strong ground motion and 
compare the response spectrum of earthquakes is 5% damping, which is used in the design of 
engineering structures. In the response spectrum presented in Iran's 2800 regulation, 5% damping 
is also used, therefore, 5% damping is used to prepare the corrected data response spectrum. 

 
Fig. 1. Epicenter distance distribution of 69 selected data relative to earthquake magnitude Fig. 1. Epicenter distance distribution of 69 selected data relative to earthquake magnitude

 
 

 

Fig. 2. Maximum ground acceleration distribution of 69 selected data relative to earthquake 
magnitude 

 

Fig. 3. Epicenter distance distribution of 69 selected data relative to maximum ground acceleration 

 

Results: 

The general results and the correlation coefficient of the proposed model for the V/H ratio to 
compare it with the relative coefficients of the spectrum obtained from all the data are available in 
Figure (4) and Table (1). The least squares algorithm was used in Matlab software to select the 
most suitable proposed model obtained from all the data. 

V/H spectral ratio for all data in the entire period interval (0-4 seconds) is determined, and then by 
averaging and using linear regression, the final proposed coefficient obtained is presented. The 
parameter (T) in the table and graphs represents the period (range 0-4 seconds) and (N) the 
proposed spectrum correction coefficient. 

Fig. 2. Peak ground acceleration distribution of 69 selected data relative to earthquake magnitude

Fig. 3. Epicenter distance distribution of 69 selected data relative to Peak ground acceleration
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the proposed model for the V/H ratio to compare it with 
the relative coefficients of the spectrum obtained from all 
the data are available in Figure (4) and Table (1). The least 
squares algorithm was used in Matlab software to select the 
most suitable proposed model obtained from all the data.

V/H spectral ratio for all data in the entire period interval 
(0-4 seconds) is determined, and then by averaging and using 

linear regression, the final proposed coefficient obtained is 
presented. The parameter (T) in the table and graphs represents 
the period (range 0-4 seconds) and (N) the proposed spectrum 
correction coefficient.

4- Conclusion
As a result of the study, more emphasis should be placed 

on determining the vertical component and its ratio with the  
 

 

Fig. 4. V/H spectral ratio of the total data (the red graph is the average of the total data and the 
horizontal axis is logarithmic) 

 

Fig. 5. Average V/H spectral ratio of all data (horizontal axis is logarithmic) 

 

Fig. 6. Average spectral coefficients of all data along with the proposed model 

 

 

 

 

 

Fig. 4. V/H spectral ratio of the total data (the red graph is the average of the total data and the hori-
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Fig. 6. Average spectral coefficients of all data along with the proposed model 
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Fig. 6. Average spectral coefficients of all data along with the proposed model 

 

 

 

 

 

Fig. 6. Average spectral coefficients of all data along with the proposed model
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horizontal component, especially in sites located in areas 
near faults, it is recommended that, like other standards, 
regulations, and studies that have used simple assumptions 
such as the value of two-thirds for the V/H ratio, a value of 
0.71 should be used to convert the horizontal component 
response spectrum to the vertical component response 
spectrum for data from the near-fault earthquakes in Iran.

References
[1]   B. Alavi, H. Krawinkler, Effects of near-fault ground 

motions on frame structures, John A. Blume Earthquake 
Engineering Center Stanford, (2001).

[2] W. Silva, Characteristics of vertical strong ground 
motions for applications to engineering design, 1088-
3800, 1997.

[3] G.P. Mavroeidis, A.S. Papageorgiou, A mathematical 
representation of near-fault ground motions, Bulletin of 
the seismological society of America, 93(3) (2003) 1099-
1131.

[4] M. Mohammdian, A. Mahdavian, N. Hassani, A 
Mathematical Model to Consider the Pulse-Like 
Earthquake Effects in Seismic Design Spectrums Based 
on Strong Motions of Iran, Bulletin of Earthquake Science 
and Engineering, 4(4) (2017) 89-106. (in Persian).

[5] M. Niazi, Y. Bozorgnia, Behaviour of near-source vertical 
and horizontal response spectra at smart-1 array, Taiwan, 
Earthquake engineering & structural dynamics, 21(1) 
(1992) 37-50.

[6] Y. Bozorgnia, M. Niazi, K.W. Campbell, Characteristics 

of free-field vertical ground motion during the Northridge 
earthquake, Earthquake spectra, 11(4) (1995) 515-525.

[7] Y. Bozorgnia, M. Niazi, K. Campbell, Relationship 
between vertical and horizontal ground motion for the 
Northridge earthquake, in:  Eleventh World Conference 
on Earthquake Engineering, Acapulco, Mexico, 
Proceedings, (1996).

[8] Y. Bozorgnia, M. Niazi, Distance scaling of vertical 
and horizontal response spectra of the Loma Prieta 
earthquake, Earthquake engineering & structural 
dynamics, 22(8) (1993) 695-707.

[9] G. Bureau, Near-source peak ground accelerations,  
(1981).

[10] K. Campbell, A study of the near-source behavior of 
peak vertical acceleration, Eos, 63 (1982) 1037.

[11] M. Mohammadian, A. Mahdavian, N. Hassani, The V/H 
response spectral ratio of near fault field earthquakes 
according to Iran’s data, Iranian Journal of Geophysics, 
17(1) (2023) 21-38. (in Persian).

[12] J.J. Bommer, S. Akkar, Ö. Kale, A model for vertical-
to-horizontal response spectral ratios for Europe and the 
Middle East, Bulletin of the Seismological Society of 
America, 101(4) (2011) 1783-1806.

[13] N. Ambraseys, J. Douglas, Near-field horizontal and 
vertical earthquake ground motions, Soil dynamics and 
earthquake engineering, 23(1) (2003) 1-18.

[14] U.B. Code, UBC-97, in:  Structural engineering design 
provisions. International conference of building officials, 
Whittier, California, (1997).

[15] U.B. Code, International Code Council, Inc., Falls 
Church,  (2000).

[16]  E. 8, Earthquake Resistant Design of Structures, Second 
Draft CEN/TC250/SC8, PT1: General Rules,  (1993).

[17] R. Guide, Design response spectra for seismic design of 
nuclear power plants, Regulatory Guide,  (1973).

[18] A. RP2A-WSD, Recommended practice for planning, 
designing and constructing fixed offshore platforms–
working stress design–, Twenty-2000,  (2000).

[19] H.a.u.D.R.C. Ministry of Road & Urban Development. 
Road, Earthquake Resistant Design of Buildings-code 
2800, in: T.c.o.I.b.s.a. regulations (Ed.) Fourth Edition, 
2014. (in persian)

[20] H.a.U.D.R.C. Road, Iran Strong Motion Network., in 
www.bhrc.ir.

HOW TO CITE THIS ARTICLE
M. Mohammadian, A. Mahdavian , N. Hassani, Determining the Spectral Ratio of the Verti-
cal and Horizontal Components of Near-Field Earthquakes, Amirkabir J. Civil Eng., 55(11) 
(2024) 461-464.

DOI: 10.22060/ceej.2023.21204.7650

Table 1. Proposed V/H model

 
 

Table 1. Proposed V/H model 

0.92 The correlation coefficient 

T <0.05 N =12 T + 1  

0.05 < T <0.22 N = -5.235 T + 1.862  

0.22 < T < 4 N = 0.71 

 

Conclusion: 

As a result of the study, more emphasis should be placed on determining the vertical component 
and its ratio with the horizontal component, especially in sites located in areas near faults, it is 
recommended that, like other standards, regulations, and studies that have used simple 
assumptions such as the value of two-thirds for the V/H ratio, a value of 0.71 should be used to 
convert the horizontal component response spectrum to the vertical component response spectrum 
for data from the near-fault earthquakes in Iran. 
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