
 

 
 
Abstrac
are asse
investig
investig
geotech
existing
investig
on the n
in-situ t
projects
A study
paper. I
Empiric
wave v
underta
perform
In this 
penetra
then the
Agency 
to be Bu
of both 
determi
Earthqu
In conc
determi
can be a
 
Introdu
Geotech
soil prop
any con
will be s
classific
investig
The pla
the proj
rehabilit
conditio
rehabilit
As sei
geophys

            
1Geotech
2 Assista
mert.tolo
3 Profess
derin@it

SECE

 

A COM

El

ct: Geotech
essed for th
ation is req
ation is to

hnical reha
 buildings 
ation studie
necessity o
testing to d
s. Therefore
y to determi
In the case
al correlatio

velocities (V
ake geophys
mances durin

context, a
ation blowco
e site class
 (US - FEM
uilt in Earth
FEMA and

ne site cla
uake Risk A
lusion, the 
ning the sim
attained in f

uction 
hnical inves
perties. Soi
nstruction a
safe or not

cation is d
ation data t

anning and 
ect. Similar
tation of b

ons are saf
tation metho
smic geot
sical site in

                  
hnical Engin
ant Professor
on@nisantas
sor, Civil Eng
tu.edu.tr 

ED 2015 Co

MPARATI
USING I

lmon TORA

hnical inves
he purpose 
quired befo

o confirm t
bilitation m
is importa

es have bee
of retrofitting
etermine th

e, empirical 
ine site clas
 data set, t

ons from sta
Vs) in the 
sical testing
ng an earth

approximate
ount values 
sification is 

MA 356) stan
hquake Area
d Turkish s
ass from ta
Areas in Tur

effect of us
milarities an
future soil c

stigation is 
l properties
ctivity on si
t. Geotechn
one for th
to select ap
execution o

rly investiga
uildings. Th
fe for the e
ods for the 
echnical in
vestigation 

                   
eer, Arup Mü
r, Civil Engin
si.edu.tr 
gineering De

nference: Ea

IVE STUD
INTERNA

AMAN1, M

stigation is 
of determin

ore land ca
that the lan

methods for
nt. Followin
en undertak
g. It is know
he shear w
correlations
ssification b
there are no
andard pen
interpretat

g to correct
quake.  

ely one hu
(SPT-N va
determined

ndard (Tab
as of Turke
standards a
ables prese
key. 
sing differen
nd differenc
classification

the proces
s are used fo
te whiteout

nical investi
e purpose 

ppropriate d
of geotechn

ation studies
he purpose
existing bui
existing bu
nvestigation
studies sho

ühendislik ve
neering Depa

epartment, Is

arthquake Ri

DY OF S
ATIONAL

Mert TOLON

a process 
ning which u
n be devel
nd is safe 
r the existin
ng the Koc
ken for high
wn that, it is

wave velocit
s for shear 
based on th
o in-situ tes
etration tes
ive reports
tly determin

ndred bore
lue) are cor
d based on
le 1) and th
y (Turkey –

are compare
ented in S

nt formulas
ces betwee
n studies. 

ss of collec
or designing
t any soil im
gation is al

of catego
esign param
nical site in
s are also re
e of such 
lding or to 
ildings.  
ns involve 
ould be incl

e Müşavirlik, 
artment, Nişa

tanbul Techn

sk and Engin

OIL CLA
L APPRO

N2 and Der

in which th
uses of the 
loped or re

to build o
ng building
caeli earthq
hly importan
s not alway
ty (Vs) in th
wave veloc
his investig
sts to deter
sts (SPT) ar
s. In critica
ne site clas

eholes are 
rrelated to t
n U.S. Fed
he standard
– DBYBHY)
ed. Then d

Specification

s to determi
n the appro

cting data fo
g the struct

mprovement
lso required
orizing the 
meters.  
vestigation 
equired or r
investigatio
decide on 

several 
uded into in

Istanbul, Tu
antaşı Univer

nical Univers

neering towa
9-10 July 

ASSIFICA
OACHES

rin N. URA

e physical 
site will be 

edeveloped.
on or to c
gs. The ea
quake in T
nt structures
ys possible 
he urban a
city are gain
ation data 
rmine the sh
re used to d
al facilities, 
ss, and to p

used. Init
the shear w
eral Emerg
 of Specific
). The soil c
direct SPT v
n for Buildi

ine soil clas
oaches, mo

or the purp
ture and als
t or special 
d to determ

study reg

is required
recommend
on is to co

the appro

types of 
nvestigation

rkey, elmon.
rsity, Istanbu

sity, Istanbul,

ards a Resilie
2015, Camb

ATIONS  
 

AL3 

properties 
safe. Geot

. The goal 
confirm the
rthquake e

Turkey, spe
s in order to
to make un
rea for sma

ning importa
is presente
hear wave 
determine th

it is impo
predict the 

tially, the s
wave velocit
gency Mana
cations for B
classification
values are 
ings to be 

ss is discus
ore accurate

ose of dete
so deciding 
foundation 

mine site cla
ion based 

d at initial s
ded for seism
onfirm that 
priate geot

seismic a
n scope.  In

toraman@a
ul, Turkey, 

, Turkey, 

ent World 
bridge UK 

of a site 
technical 
of such 
 correct 

effect on 
ecial soil 
o decide 
ndertake 
all scale 

ance. 
ed in this 

velocity. 
he shear 
ortant to 
building 

standard 
ies (Vs), 
agement 
Buildings 
n results 
used to 
built in 

ssed. By 
e results 

ermining 
whether 
solution 

ass. Site 
on soil 

tages of 
mic  
the soil 
echnical 

nalyses, 
n case of 

rup.com 



 
Toraman, Tolon and Ural 

2 

lack of data, they are replaced by various correlations presented in the literature. Frequently 
in engineering practice, assumptions are employed at various stages of the data 
interpretation. In seismic geotechnical analysis, it is often difficult to decide on the correct 
assumption for analyses.  
 
The performance of structures during an earthquake is critical and structures behave 
differently based on local soil characteristics under similar seismic characteristics. In Turkey, 
following the earthquakes of 1999, the number of retrofitting projects for disaster 
preparedness has increased. Therefore, retrofitting projects are performed by the 
government aiming to mitigate the risk. 
 
In the city of Istanbul, Turkey, special soil investigation studies have been undertaken for 
highly important structures in order to decide on the necessity of retrofitting. The objective of 
these studies is to conduct the vulnerability assessment and prepare the preliminary 
retrofitting designs, and make cost estimates for the selected public buildings including 
schools, hospitals, emergency centres. In such studies, the first step of the projects was to 
conduct geotechnical site investigations. In these projects, boreholes and in-situ tests were 
performed in addition to the geotechnical and rock mechanics laboratory tests of the samples 
obtained during the site investigations. Although direct measurement if Vs30 is preferable, it is 
not always feasible to perform in-situ testing to determine the shear wave velocity (Vs) in the 
urban area, for small scale projects. Therefore, the empirical correlations for the shear wave 
velocity are widely used and are gaining importance. 
 
A study to determine site classification based on soil investigation data is presented in this 
chapter. In the case dataset, there are no direct in-situ measurements to characterize the 
shear wave velocity from geophysical methods. Empirical correlations from standard 
penetration tests (SPT) are used to indirectly estimate shear wave velocities (Vs) in the 
interpretative reports. In the case of critical facilities, it is important to undertake geophysical 
testing to correctly determine site class, and to predict the building performances during an 
earthquake.  
In this context, approximately one hundred boreholes are used in the present study. Initially, 
the standard penetration blow count values (SPT-N value) are correlated to the shear wave 
velocities (Vs), then the site classification is determined based on U.S. Federal Emergency 
Management Agency (US - FEMA 356) standard, as well as the standard of Specifications 
for Buildings to be Built in Earthquake Areas of Turkey (Turkey – DBYBHY) from the shear 
wave velocities.  
 
In conclusion, the influence of using different formulas to determine Vs30 and also the site 
class is discussed. By determining the similarities and differences between these 
approaches, more accurate results can be attained in future soil classification studies. 
 
SPT Resistance and Shear Wave Velocity Empirical Correlations Relationship 
Shear wave velocity is a fundamental geotechnical characteristic that acts as the main input 
of quantitative earthquake engineering and the main controller of site response. Site specific 
ground response analysis requires direct measurement of shear wave velocity of the site. 
Shear wave velocity of soils is an indicator of shallow soil response to ground shaking and is 
the primary indicator of dynamic soil properties. Vs30 is described as the average shear wave 
velocity measured for the first 30 m. of ground. In-situ geophysical seismic measurements 
such as down hole, cross hole, seismic CPT were used to evaluate Vs30. Obtained shear 
wave velocity values can also be used to determine site class based on international 
standards. But in every case, it is not always feasible to perform in-situ geophysical testing, 
due to high cost or lack of space to undertake the test. In such cases, empirical correlation 
formulas between different strain amplitude tests are used. 
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Higher cost and lack of respective expertise, results in shear wave velocity testing not 
routinely performed in industry and engineering practice. By making use of the abundant 
SPT data in site investigation program, statistical means to obtain the relationship between 
Vs and standard penetration resistance (SPT-N) is greatly supported by researchers and 
industries. Conveniences, efficiency, and cost saving are three main advantages of empirical 
regression equations. (24) 
 
SPT is the most often and universally used in situ test. For this reason several empirical 
correlations are concentrated between SPT blow counts and Vs.   
 
There are numerous relationships between shear wave velocity and Standard Penetration 
Test (SPT) blow-counts used when geophysical testing is not available. Correlations are 
based on soil type, depth effect, soil type, fine content, and geological age. But most of the 
empirical relationships are concentrated between SPT-N values and Vs30. Some of the 
correlations use SPT (N) values which were converted to the equivalence of shear wave 
velocity values following relations. 
 
Considering nonlinearity as the nature of soils, most published correlations are valid to 
particular sites without separate considerations of soil types. The trends of these correlations 
are similar. The reason is that both cohesionless and cohesive soils are not separable in 
each borehole. Dikmen (2009) stated that shear wave velocity of sandy soils is higher than 
cohesive soils, which is in contradiction with results of Tsiambaos and Sabatakakis (2011).  
Thus, these correlations may not be user friendly unless soil could be differentiated based on 
engineering or geological classification.  
 
A summary of established correlations developed and used in the past 50 years is given in 
Table 1. The published regression was divided into three groups, namely all soil types, 
cohesionless soil and cohesive soil. By considering soil non-linearity, this paper only 
concentrates on the correlations which are applicable for all soil types. These independent 
correlations are established for various sites from the world, including Japan, USA, Greece, 
Taiwan, Turkey, India, Iran, and Korea, among others. The variation between earlier 
correlations among researchers is mainly due to the geotechnical conditions of studied sites. 
Although most of the correlations are comparable and in good trend, direct application to 
other regions are not suggested due to the different practice of SPT and shear wave 
investigation works. (24) 
 

Table 1. Correlation between Vs and N 

Researcher All soil type Cohesionless soil Cohesive soil 
Kanai (1966)  Vs = 19N0.6   
Ohba and Toriumi (1970)  Vs = 84N0.31   
Shibata (1970)   Vs = 32N0.5   
Imai and Yahimura (1970)  Vs = 76N0.33   
Ohta et al. (1972)   Vs = 87N0.36   
Fujimara (1972)  Vs = 92.1N0.337   
Ohsaki and Iwasaki (1973)  Vs = 81.4N0.39  Vs = 59.4N0.47  
Imai and Yoshimura (1975)  Vs = 92N0.329   
Imai et al. (1975)  Vs = 89.9N0.341   
Imai (1977)  Vs = 91N0.337  Vs = 80.6N0.331 Vs = 102N0.292 
Ohta and Goto (1978)  Vs = 85.35N0.348 Vs = 88N0.34  
JRA (1980)   Vs = 80N0.33 Vs = 100N0.33  
Seed and Idriss (1981)  Vs = 61.4N0.5   
Imai and Tonouchi (1982)  Vs = 97N0.314   
Seed et al. (1983)   Vs = 56.4N0.5   
Sykora and Stokoe (1983)   Vs = 100.5N0.29  
Okamoto et al. (1989)   Vs = 125N0.3   
Lee (1990)   Vs = 57.4N0.49 Vs = 114.43N0.31  
Imai and Yoshimura (1990)  Vs = 76N0.33   
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Yokota et al. (1991)  Vs = 121N0.27   
Kalteziotis et al. (1992)  Vs = 76.2N0.24  Vs = 49.1N0.50  Vs = 76.6N0.45  

Raptakis et al. (1995)   Vs = 100N0.24 Vs = 184.2N0.17  

Athanasopoulos (1995)  Vs = 107.6N0.36   
Sisman (1995)  Vs = 32.8N0.51   
Iyisan (1996)  Vs = 51.5N0.516   
Jafari et al. (1997)  Vs = 22N0.85   
Chien et al. (2000)   Vs = 22N0.76   

Kiku et al. (2001)  Vs = 68.3N0.292   

Jafari et al. (2002)  Vs = 22N0.85  Vs = 19N0.85  Vs = 27N0.73  
Hasancebi and Ulusay (2007)  Vs = 90N0.309  Vs = 90.82N0.319  Vs = 97.89N0.269  
Hanumantharao and Ramana 
(2008)  

Vs = 82.6N0.43  Vs = 79N0.434  

Lee and Tsai (2008)  Vs = 137.153N0.229 Vs = 98.07N0.305  Vs = 163.15N0.192  
Dikmen (2009)  Vs = 58N0.39  Vs = 73N0.33  Vs = 44N0.48  
Uma Maheswari et al. (2010)  Vs = 95.64N0.301  Vs = 100.53N0.265  Vs = 89.31N0.358  
Tsiambaos and Sabatakakis 
(2011)  

Vs = 105.7N0.327  Vs = 79.7N0.365  Vs = 88.8N0.370  

Anbazhagan et al. (2012)  Vs = 68.96N0.51  Vs = 60.17N0.56  Vs = 106.63N0.39  

Vs= ANB 
A: controls the amplitude  
B: controls the relationship curvature  
 
International Standards 
 
U.S. Federal Emergency Management Agency (US - FEMA 356) Standard 
According to FEMA, soil classification is based on shear wave velocity or standard 
penetration test (SPT) as well as plasticity index (PI), water content (w), and undrained shear 
strength (su). Where Vs data are available for the site, direct results of tests shall be used 
directly to classify the site. In cases where geophysical test data is not available, blowcount 
shall be used for cohesionless soil sites (sands, gravels), and su data for cohesive soil sites 
(clays). For rock in profile classes B and C, classification shall be based either on measured 
or estimated values of vs. Classification of a site as Class A rock shall be based on 
measurements of vs either for material at the site itself, or, for rock having the same 
formation adjacent to the site; otherwise, Class B rock shall be assumed. Class A or B 
profiles shall not be assumed to be present if there is more than 3 m. of soil between the rock 
surface and the base of the building. (8) 
 
If there is insufficient data available to classify a soil profile as Class A through C, and there 
is no evidence of soft clay soils characteristic of Class E in the vicinity of the site, the default 
site class shall be taken as Class D. If there is evidence of Class E soils in the vicinity of the 
site, and no other data supporting selection of Class A through D, the default site class shall 
be taken as Class E. (8) 
 
Below in Table 2, site classification for FEMA is given. 
 

Table 2. U.S. FEMA 356 related standard. (3) 

Local Site 
Class 

Definitions 

A Hard rock with average shear wave velocity   Vs> 1524 m/s 
B Rock with 762 m/s.  ≤ Vs ≤ 1524 m/s 

C 
Very dense soil and soft rock with 366 m/s <Vs ≤ 762 m/s, or with either 

standard blow count N > 50, or undrained shear strength > 96 kPa 

D 
Stiff soil with  

183 m/s <vs ≤ 366 m/s or with 15 < N ≤ 50,  
or 48 kPa<su ≤ 96 kPa 
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E 
Any profile with more than 3 m. of 

soft clay defined as soil with plasticity index PI > 20, or water content w > 40 percent, and 
su< 24 kPa or soil profile with Vs< 183 m/s 

F 

Soils requiring site-specific evaluations:  
(i) Soils vulnerable to potential failure or collapse 

under seismic loading, such as liquefiable 
soils, quick and highly-sensitive clays, 

collapsible weakly-cemented soils 
(ii) Peats and/or highly organic clays (H > 3 m. of peat and/or highly organic clay, where 

H = thickness of soil) 
(iii) Very high plasticity clays (H > 8 m. with PI > 75) 
(iv) Very high plasticity clays (H > 8 m. with PI > 75) 

 
The parameters Vs, N and su are, respectively, the average values of the shear wave 
velocity, SPT blowcount, and undrained shear strength of the upper 30 m. of soils at the site. 
These values can be calculated from the equations.   
 
Standard of Specification for Buildings to be built in Earthquake Risk Areas of Turkey 
(DBYBHY) 
According to DBYBHY soil class is initially is divided into four categories, based on SPT blow 
count number, relative density, unconfined compressive strength and shear wave velocity 
(Table 3). After grouping sites, it is classified based on soil groups as well as layer thickness 
(Table 4). 
 

Table 3. Turkish DBYBHY related standard-Soil Group 

DBYBHY  

Soil 
Group 

Description of Soil Group 
Standard 

Penetration
( N/30) 

Relative 
Density

(%) 

Unconfined. 
Compressive 

Strength 
(kPa) 

Drift Wave 
Velocity 

(m/s) 

A 

1. Massive volcanic rocks, 
unweathered sound 
metamorphic rocks, stiff 
cemented sedimentary 
rocks 
2. Very dense sand, 
gravel... 
3. Hard clay and silty clay… 

── 
> 50 
> 32 

── 
85─100 
── 

> 1000 
── 

> 400 

> 1000 
> 700 
> 700 

B 

1. Soft volcanic rocks such 
as tuff and agglomerate, 
weathered cemented 
sedimentary rocks with 
planes of discontinuity…… 
2. Dense sand, gravel..........
3. Very stiff clay, silty clay… 

── 
30─50 
16─32 

── 
65─85 
── 

500─1000 
── 

200─400 

 
700─1000 
400─700 
300─700 

C 

1. Highly weathered soft 
metamorphic rocks and 
cemented sedimentary 
rocks with planes of 
discontinuity 
2. Medium dense sand and 
gravel.... 
3. Stiff clay and silty clay..... 

── 
 

10─30 
8─16 

── 
 

35─65 
── 

500 
 

── 
100─200 

400─700 
 

200─400 
200─300 

D 

1. Soft, deep alluvial layers 
with high ground water level 
2. Loose sand............ 
3. Soft clay and siltyclay….. 

── 
< 10 
< 8 

── 
< 35 
─ 

── 
── 

< 100 

< 200 
< 200 
< 200 
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Results 
The optimum correlations formulas are given below, in the Table 5. 
 

Table 5. The results of optimum correlations formulas for evaluating shear wave velocity from the 
corrected STN-N values. 

Fujimara (1972) 
 

Vs = 92.1N0.337 

Imai and Yoshimura 
(1975) 
 

Vs = 92N0.329 

Imai et al. (1975) 
 

Vs = 89.9N0.341 

 

Conclusion 
This paper outlined the effect of usage of different correlation formulas to assign site class 
according to two different codes used in two different countries. According to the analysis, 
among the 30 different correlation formulas recently used within the industry formulas 
proposed by Kalteziotis et al. (1992) gave the minimum shear wave velocity (Vs) values. On 
the other hand Jafari et al. (1997) formula resulted with the maximum values. 
 
Jafari et al. (1997) and Kanai (1996) formulas for shear wave velocity calculations resulted in 
differentiation of soil class according to FEMA classification. Soil classification according to 
FEMA is more sensitive to correlation formulas while the Turkish standard “DBYBHY” is 
more consistent for these criteria. For the Turkish standard “DBYBHY”, the result are 
distributed in two types of soil classifications, on the other hand in the FEMA different types 
of soil classifications can be seen when different scientists’ correlations are used. 
 
As a result, the use of Fujimara (1972), Imai and Yoshimura (1975) or Imai et al. (1975) 
shear wave velocity correlation formulas and usage of FEMA soil classification standard is 
useful for evaluating the most suitable soil types.  
 
Acknowledgement 
The authors are grateful for the support of Istanbul Metropolitan Municipality, Directorate of 
Ground and Earthquake Analysis and also to the Istanbul Project Coordination Unit  
for sharing the necessary datasets and the additional information with us. 
 
REFERENCES 
 
Anbazhagan P, Kumar A, Sitharam TG (2013) Seismic site classification and correlation between 
standard penetrationtest N value and shear wave velocity for Lucknow city inIndo-Gangetic Basin. 
Pure Appl Geophys 170(3): 299–318 

ASCE Standard for Site Classification Procedure for Seismic Design, (2010) Charney, F., Chapter 20, 
page 203-205 

Athanasopoulos GA (1995) Empirical correlations Vs-NSPT for soils of Greece: a comparative study 
of reliability, Proc. 7th Int.Conf. on Soil Dynamics and Earthquake Engineering (Chania,Crete) ed A S 
Cakmak (Southampton: Computational Mechanics): 19–36 

Bernard R, Wair, Jason T. DeJong, Thomas Shantz, (2012) Guidelines for Estimation of Shear Wave 
Velocity Profiles, PEER Report (2012) Pacific Earthquake Engineering Research Center, 
Headquarters at the University of California 

Chien L K. and Oh YN (2000) Laboratory and field shear wave measurement at a reclaimed site in 
west Taiwan, Geotechical Testing Journal, 23(1): 21-35 



 
Toraman, Tolon and Ural 

8 

Dikmen U (2009) Statistical correlations of shear wave velocity and penetration resistance for soils, 
Journal of Geophysical Engineering, 6 : 61–72 

Fujiwara T (1972) Estimation of ground movements in actual destructive earthquakes. Proceedings of 
the 4th European symposium on earthquake engineering, London: 125–132 

FEMA 356, (2000) Pre-standard and Commentary for the Seismic Rehabilitation of Buildings, Federal 
Emergency Management Agency, November 

Hasancebi N and Ulusay R (2007) Empirical correlations between shear wave velocity and penetration 
resistance for ground shaking assessments, Bull Eng Geol Environ 66(2): 203–213 

Hanumanthrao C and Ramanna GV (2008) Dynamics soil proper-ties for microzonation of Delhi  India,  
Journal of Earth System Science , 117(2): 719–730 

Imai T and Yoshimura Y (1970) Elastic wave velocity and soil properties in soft soil, Tsuchito-Kiso 
18(1): 17–22 

Imai T and Yoshimura Y (1975) The relation of mechanical properties of soils to P and S-wave 
velocities for ground in Japan. Technical note OYO Corporation  

Imai T, Fumoto H and Yokota K (1975) The relation of mechanical properties of soil to P- and S- wave 
velocities in Japan, Proceedings 4th Japan Earthquake Engineering Symp.: 89–96 (in Japanese)  

Imai T (1977) P-and S-wave velocities of the ground in Japan, Proceedings 9th Int. Conf. on Soil 
Mechanics and Foundation  Engineering (2) : 127–32 

Imai T, Tonouchi K (1982) Correlation of N-value with Swave velocity and shear modulus, 
Proceedings of the 2nd European symposium of penetration testing, Amsterdam: 67–72  

Iyisan, R (1996) Correlations between shear wave velocity and in-situ penetration test results, Turkish 
Chamber of Civil Engineers, Digest 96, extended summaries from technical Journal,  7( 2) , April 
1996, 1187-1199 

Jafari M K, Asghari A and Rahmani I (1997) Empirical correlation between shear wave velocity (Vs) 
and SPT-N value for south of Tehran soils Proceedings 4th Int. Conf. on Civil Engineering 
(Tehran,Iran) (in Persian)  

Jafari MK, Shafiee A, Ramzkhah (2002) A Dynamic Properties of the Fine Grained Soils in South of 
Tehran, J Seismol. Earthq Eng ,4(1):25–35  

JRA (1980) Japan road association, specifation and interpretation of bridge design forhighway-part v. 
Resilient Design 1415 (in Japanese) 

Kalteziotis N, Sambatakakis N and Vasileiou I (1992) Assessment of the dynamic characteristics of 
soils in Greece, Proc. of the 2nd Pan-Hellenic Congress of Geotechnical Engineering, Thessaloniki, 2: 
239-246 

Kanai K (1966) Conference on cone penetrometer, The Ministry of Public Works and Settlement,  
Ankara,Turkey 

Kiku H, Yoshida N, Yasuda S, Irisawa T, Nakazawa H, Shimizu Y, Ansal A, Erkan A (2001) In situ 
penetration tests and soil profiling in Adapazari, Turkey, Proceedings of the ICSMGE/TC4 satellite 
conference on lessons learned from recent strong earthquakes, 259–265 

Lee SHH (1990) Regression models of shear wave velocities, Journal of the Chinese Institute of 
Engineers, 13:519–532  

Marto A, Soon TC, Kasim F (2013) A Correlation of Shear Wave Velocity and Standard Penetration 
Resistance, Electronic Journal of Geotechnical Engineering, 18, 463-471 

Ohta T, Hara A, Niwa M, Sakano T (1972) Elastic shear moduli as estimated from N-value. 
Proceedings 7th annual convention of Japan society of soil mechanics and foundation engineering, 
265–268 

Ohta S, Toriumi I (1970) Dynamic response of characteristics of Osaka Plain, Proceedings of the 
annual meeting AIJ  

Ohta Y, Goto N (1978) Empirical shear wave velocity equations in terms of characteristics soil 
indexes, Earthq Eng Struct Dyn, 6(2):167–187 



 
Toraman, Tolon and Ural 

9 

Ohta Y, Goto N (1978)  Empirical shear wave velocity equations in terms of characteristic soil indexes, 
Journal of Earthquake Engineering & Structural Dynamics, 6 ( 2): 167–187 

Okamoto T, Kokusho T, Yoshida Y and Kusuonoki K (1989) Comparison of surface versus subsurface 
wave source for P–S logging in sand layer, Proceedings 44th Ann. Conf. JSCE vol 3 pp 996–7 (in 
Japanese)  

Ohsaki Y and Iwasaki R 1973 On dynamic shear moduli and Poisson’s ratio of soil deposits Soil 
Found. 13 61–73 

Raptakis DG, Anastasiadis SAJ, Pitilakis  KD, Lontzetidis KS (1995) Shear wave velocities and 
damping of Greek natural soils, Proceedings of 10th European Conf. Earthquake Engineering, Vienna, 
477–482 

Seed, HB, Idriss, IM, Arango, I. (1983) Evaluation of liquefaction potential using field performance 
data, Journal of  Geotechnical  Engineering ASCE, 109(3), 458–482. 

Seed HB, Idriss IM (1981) Evaluation of liquefaction potential sand deposits based on observation of 
performance in previous earthquakes. Preprint 81-544, in situ testing to evaluate liquefaction 
susceptibility, ASCE National Convention, Missouri: 81–544Shibata, T (1970)  Analysis of liquefaction 
of saturated sand during cyclic loading. Disaster Prev. Res. Inst. Bull. 13, 563 -570 

Sisman H (1995) The relation between seismic wave velocities and SPT, pressuremeter tests, MSc 
Thesis Ankara University (in Turkish) 

Sykora DW, Stokoe, KH (1983) Correlations of in-situ measurements in sand of shear  Soil Dynamics 
and Earthquake Engineering, 20, 125–136 

Specification for Buildings to be Built in Seismic Zones (Turkish DBYBHY Standard), Official Gazette 
Date:  06.03.2007, Official Gazette No 26454. 

Uma M, Boominathan A, Dodagouder GR  (2010) Use of surfacewaves in statistical correlations of 
shear wave velocity and penetration resistance of Chennai soil, Journal of Geotechnical and 
Geological Engineering, 28(2), 119–137 

Yokota K, Imai T, Konno M, (1991) Dynamic deformation characteristics of soils determined by 
laboratory tests. OYO Tee. Rep. 3, 13  

 

 


