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ABSTRACT 

The two key parameters used in computers software specific for the seismic ground response 
analysis are: the shear modulus and damping ratio. The paper presents the results obtained using 
as equipment a fixed-free resonant column, adapted to perform both conventional resonant column 
tests (RCT) and cyclic torsional shear tests (TST). The samples were carried out by sampling silty 
clay soil retrieved from a site of Iasi city, Romania. 

 The first part of the paper describes the tested material and the second part deals with the 
dynamic testing and discussions of the results. The soil sample was subjected to an isotropic and 
undrained consolidation at a strain range between 0.0003 % and 0.1 %.  

 The results have been graphically expressed, mainly the maximum and normalized shear 
moduli and damping ratios versus cyclic shear strain amplitudes. A comparison of the normalized 
shear modulus and damping ratio curves computed from an empirical model with those obtained in 
laboratory tests it is also presented. 
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1. INTRODUCTION 

The South-Eastern areas of Europe are 
known as having the highest seismic 
activity. One of them includes Romanian 
country, where the majority of the 
earthquakes occurred had the epicentre in 
Vrancea region. The seismic activity of 
this source is characterized as subcrustal 
with a hypocentre between 70 and 170 km 
and it is situated at the curvature of the 
Carpathian Mountains. That is why it is 
very important for Romanian territory to 

know the behaviour of the soil subjected 
to dynamic loads.  

 It is very important to know the dynamic 
parameters of soil layers for the evaluation 
of the ground response analysis because 
they can amplify or attenuate the seismic 
waves. They can be determined via 
laboratory tests such as resonant column 
tests (RCT), torsional shear test (TST), 
cyclic triaxial test (CTT), cyclic direct shear 
test (CDST), etc. or in situ tests by using 
reflection and refraction seismic methods, 
down-hole, cross-hole, up-hole tests, etc. 



 

 356

 The paper aim is to evaluate the shear 
modulus and damping ratio obtained in 
laboratory on dynamic resonant column 
and static cyclic torsional shear apparatus. 
The tested soil is a clayey sandy silt 
sampled from a site of Iași city, Romania.  

2. TESTED MATERIAL 

The tested material is a clayey sandy silt 
found on alluvial complex of Bahlui River, 
which crosses the city over a length of 14 
km. The site from where the clay was 
retrieved is located near the center of the 
city, at 350 m distance from the riverbed. 

 The undisturbed specimens were 
sampled from a depth of 8.0 m. In Table 1 
the average physical properties of the 
tested soil are presented. The material 
has a clay fraction of 25% and a low 
plasticity PI=16.77%, according to 
Casagrande classification.   

Table 1. Physical characteristics of tested 
material 

ρS 

[g/cm3] 

w0 

[%] 

wL 

[%] 

e 

[-] 

SR 

[-] 

PI 

[%] 

2.65 19.72 31.6 0.581 0.89 16.77

3. LABORATORY TESTING 
APPARATUS AND PROCEDURES 

3.1. Laboratory testing apparatus 

The shear modulus and damping ratio 
characteristics of the tested soil were 
obtained from a fixed-free resonant 
column torsional shear (RCTS) apparatus 
adapted to perform both conventional RCT 
and TST (Cavallaro, 2003).    

The experimental studies have been 
made at the geotechnical laboratory of the 
University of Rome “Sapienza”, Italy. 
RCTS provides measurements of dynamic 
soil properties at low strain. Two types of 
tests can be performed on RCTS using 
either filled cylinder soil specimen, where 
only an isotropic confinement can be done 

or hollow cylinder subjected only to an 
anisotropic confinement. In the present 
paper a cylindrical soil sample has been 
tested with a 35.7 mm in diameter and 
72.0 mm in height. The soil specimen is 
fixed at the bottom and at the top is 
connected an electrical motor consists of 
four permanent magnets placed at the end 
of each arm of a four-arm driven-plate and 
inside of a magnetic field generated by 
four pairs of coils (Mosallamy, 2014). 
Through this driving system periodically 
torsional loads (sinusoidal, triangular or 
trapezoidal) can be applied 
(Subramaniam, 2015). The maximum 
torque moment for the device used in this 
study is up to 0.43 Nm (D’Elia, 2001).  

 An accelerometer mounted on the 
driven-plate is used to determine the 
resonant frequency of the sample, by 
controlling the amplitude and frequency of 
the applied voltage (Mosallamy, 2014). 
For the cyclic condition a proximity 
transducer placed on the driven-plate, in 
order to monitor the rotation of the sample 
is used. Through a linear variable 
differential transformer LVDT the vertical 
displacements can be measured (D’Elia, 
2001). All the components mentioned 
above are schematically presented in 
Figure 1.  

 
Figure 1. Schematic diagram of the RCTS

3.2. Testing program  

Two cylindrical soil samples have been 
made and subjected one of them to RCT 
and the other one to TST. The soil sample 
was subjected to an isotropic and 

undrained consolidation at a strain range 
between 0.0003 % and 0.1 %. Both tests 
were carried out in four stages.  

 In the first stage the sample has been 
subjected to a cell pressure of 200 kPa 
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and the in situ vertical effective stress σ’0 
= 102 kPa was estimate. After the stage a 
RC test was performed up to a strain level 
of 0.004 %. Then with opening the 
drainage a consolidation phase was 
performed for minimum 24 hours. In this 
second stage the effective stress was σ’0 
= 100 kPa and with closed drainage a RC 
test was done until a strain level of 0.07%. 
The third and fourth stages follow the 
same procedure as the one described in 
second stage, but at increasing the 
effective stress at σ’0 = 200 kPa and 300 
kPa, respectively.  

All the tests were performed at a back 
pressure of 200 kPa. The frequencies 
range was between 10 to 65 Hz.  

 The TSTs have been carried out in the 
same manner as RCTs, but using a 
sinusoidal time history at a frequency of 
0.1 Hz and 5 cycles have been applied for 
each strain level.  

 In Table 2 the laboratory test conditions 
are presented.   

Table 2. RCTS testing conditions 

TS RC Stage σ’0 

(kPa) γ 

(%) 

N γ 

(%) 

f 

(Hz) 

I 102 0.0003
-0.003 

5 0.0004
-0.004 

10-65 

II 100 0.0003
-0.005 

5 0.0004
-0.07 

10-65 

III 200 0.0002
-0.002 

5 0.0004
-0.07 

10-65 

IV 300 0.0003
-0.004 

5 0.0003
-0.1 

10-65 

4. RESULTS AND DISCUSSION 

Shear wave velocity, Vs, initial shear 
modulus, G0, initial damping ratio, D0, 
shear modulus, G(γ), corresponding to 
particular shear strain, γ and damping 
ratio, D(γ) are the main parameters 
obtained in RCTS test (Diaz-Rodriguez, 
1992). The determination of Vs and G is 
based on the elasticity theory applied for 
an isotropic material and for D the 
viscoelasticity theory is used (Kramer, 
1996; Stanciu, 2006).   

 This section deals with the effects of 
various factors that influence the shear 
modulus and damping ratio. 

4.1. Shear modulus and damping ratio 

The reduction of the shear modulus for a 
high strain level, obtained in RCTs, is 
presented in Figure 2. It can be noticed 
that the G values of the tested material are 
decreasing continuously with increasing 
the strain amplitude. In respect with the 
consolidation stress, the initial shear 
modulus G0 values increase from 60 MPa 
up to 133 MPa. 

 

 
Figure 2. The G dependency to γ, by RCT 

 

In Figure 3 the damping ratio values are 
plotted versus γ for RC tests. The 
damping ratio curves have, in general, a 
continuously ascending in respect with 
strain level. Another aspect can be 
highlighted, namely that a dependency on 
the effective stress could not be found. 
Thus, the influence of the consolidation 
pressure can be neglected.   

 

 

Figure 3. The D dependency to γ, by RCT 

In Figure 4 the normalized maximum 
shear modulus, G/G0, versus shear strain, 
γ, is presented. It can be noticed that 
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consolidation pressure has only a slight 
influence on the G/G0. 

 
Figure 4. Influence of the effective stress on 

G/G0 – γ reduction, by RCT 

During the fourth stage an excessive pore 
pressure of 63 kPa was generated during 
the RCT. In Figure 5 the normalized 
excess pore pressure ratio, ∆u/p’, which 
means the ratio between the measured 
excess pore pressure and the confining 
pressure at which the test has been 
performed (Mohtar, 2014) in respect with γ 
is plotted. The excess pore pressure 
generation represents an important issue 
in liquefaction prediction phenomenon 
(Mohtar, 2014). 

 

 
Figure 5. Normalized pore pressure, ∆u/p’, 

against γ measured in RCT 

 

 The results obtained in TST are 
presented in Figures 6 and 7, in terms of 
G and D versus γ. Compared to the RCT 
data the initial shear modulus G0 have 
approximately the same values, but in 
TST the strain level do not exceed 0.004 
%. Thus, at small strain levels the data 
obtained on both RCT and TST are 
approximately equal, at the same isotropic 
confining pressure.  

 
Figure 6. The G dependency to γ, by TST 

 
Figure 7. The D dependency to γ, by RCT 

It is also remarked (Figure 8) that there is 
no influence of the effective stress on 
G/G0 values from TST. 

 
Figure 8. G/G0 – γ reduction, by TST 

4.2. Empirical models 

Two empirical models have been used in 
this study, as developed by Ishibashi and 
Zhang (1993) and Darandeli (2001). Both 
models take into consideration the mean 
effective confining stress σ’0m and the 
plasticity index PI, over consolidation ratio 
(OCR) only in Darandeli model is taken 
into account. The calculus was done for 
an OCR=1.  

 Figures 8 and 9 highlight the 
comparison between the normalized shear 
modulus and damping ratio against strain 
level obtained in the laboratory conditions 
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and by empirical prediction, for the same 
isotropic confining stress.  

 It was noticed that Ishibashi and Zhang 
(1993) curve is situated above the 
laboratory curve, which means that G/G0 
given by this model is overestimated. On 
the contrary, a good agreement between 
the two curves was provided by using the 
Darandeli (2001) model. 

 

 
Figure 8. Comparison between laboratory 
results and values given by the empirical 
model (after Ishibashi and Zhang, 1993) - 

G/G0 reduction curves 

 

 
Figure 9. Comparison between laboratory 
results and values given by the empirical 

model (after Darandeli, 2001) - G/G0 reduction 
curves 

5. CONCLUSIONS  

In the present paper the static 
characteristics by performing TST and 
dynamic characteristics by performing 
RCT for a clayey sandy silt have been 
analyzed. The influence of the isotropic 
confining stress and dependency on the 
shear strain has been analyzed on the 
shear modulus, damping ratio and 
normalized shear modulus. It was 
remarked a good agreement between the 
data obtained on both RCT and TST at 
small strain level, which means that the 
testing condition do not affect the 
measured dynamic parameters. It was 
noticed that the shear modulus is 
influenced by the confining stress, but less 
influence on damping ratio was observed, 
as well as on the normalize shear 
modulus. 

 An empirical prediction of the G/G0 by 
using the Ishibashi and Zhang (1993) and 
Darandeli (2001) models was also 
performed and compared with the 
measured values from RCTS tests. The 
following comparison led to these 
conclusions:  

 the two prediction models do not 
completely agree with each other; 

 a good agreement between the 
measured values and the values 
given by the empirical model 
proposed by Darandeli (2001) has 
been noticed. 

  Therefore, a close attention should be 
given in determining the soil dynamic 
parameters, because it represents a key 
tool in ground response analysis. More 
accuracy is needed in their determination 
providing to obtain a site response 
analysis.  
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