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ABSTRACT: Determining the dynamic properties of soils is an important issue in solving seismic
geotechnical engineering problems. In this respect, several types of field and laboratory methods are
available with different advantages and limitations regarding solving different problems. The difference
between the results of in-site and laboratory tests is one of the engineers’ difficulties. Some reasons for
the difference between the values of dynamic parameters which achieved from field and laboratory tests,
are the remolding effect of samples, difference in stress conditions and loss of cementation; negligence
of these facts in soil dynamic properties may lead to serious damage due to unrealistic soil analysis.
Among the laboratory methods, the resonant column test is one of the methods which determines the
dynamic properties of soils at small strains. In this research, Young’s modulus and damping ratio of core
barrel and reconstituted earth materials have been studied by performing resonant column test in flexural
mode. The effects of confining pressure and anisotropic confining pressure was studied by using the
Young’s modulus and damping ratio versus flexural strain diagrams. The results of the study indicate
that reconstituting reduces the Young’s modulus, but the variation of damping ratio versus shear strain
for core barrel and reconstituted samples is negligible. Increase in the confining pressure and anisotropic
confining pressure result in the increase of Young’s modulus. Comparing the damping ratio results with
the two methods of free vibration decay and half-power bandwidth indicates that the damping ratio
values obtained from the half-power bandwidth method are higher.
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1- Introduction

Soil Characteristics that affect the phenomenon of wave
propagation and other small strain phenomena are called
soil dynamic characteristics. Two of the most important
soil dynamic characteristics are shear modulus and Young’s
modulus [1]. Most of the laboratory research has focused on
determining and exploring the effects of various features such
as laboratory methods, particle size, particle shape, material
type, etc. on small strain dynamic characteristics [2-5].

One of the important issues in evaluating dynamic
parameters is the difference between the results of in-situ and
laboratory experiments, which can be due to the remolding
effect of samples and the difference in stress conditions.
Negligence to these facts may lead to serious damage due
to unrealistic soil analysis. Studies in this field have shown
that remolding reduces the shear modulus and increases the
damping ratio slightly [6-8]. Experimental studies on the
effect of stress anisotropy indicate that anisotropy increases
the shear modulus but has an insignificant effect on the
damping ratio. [6, 9, 10]

Despite the few studies which have been done on
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remolding and anisotropic effects on shear modulus, it is
also essential to study these factors on Young’s modulus. In
this Research, Young’s modulus and damping ratio of core
barrel and reconstituted earth materials have been studied by
performing flexural resonant column tests. The tests have been
done in the form of isotropic and anisotropic with different
levels of confining pressures. Furthermore, comparison of
damping ratios calculated by free vibration decay and half-
power bandwidth methods has been studied.

2- Methodology

In this study, flexural resonant column tests were
performed on two core barrels and reconstituted samples
of high-plasticity sandy soil (SC). The confining pressures
of 150, 300 and 500 kPa in isotropic and anisotropic stress
conditions have been studied on the samples. For anisotropic
stress conditions, anisotropic ratios of 1.43, 1.21 and 1.13 have
been chosen. Reconstruction of the sample was performed by
the wet tamping method at optimum moisture content. All
tests are performed in accordance with the ASTM-D4015
standard.
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Fig. 1. Effects of Reconstitution and confining pressure
on Young’s Modulus

3- Results and Discussion

Figure 1 shows the effects of confining pressure and
reconstituting. Based on the results, Young’s modulus values
for the core barrel sample are greater than the reconstituted
sample at all levels of the confining pressure and Young’s
modulus for the reconstituted sample is reduced by about
70% compared to the core barrel sample. Furthermore,
increasing the confining pressure has caused an increase in the
stiffness of the sample, because soil particles become more
compressed. By increasing confining pressure, more friction
occurs between the sample and the top cap of the sample as
well, which leads to a reduction in the possibility of the cap
slipping on the sample. This fact may cause measurement
of the shear wave velocity and stiffness at smaller strains.
Accordingly, by the increase in confining pressure level,
smaller strains are measured. Furthermore, by increasing
flexural strain, Young’s modulus will decrease, because of
the nonlinear behavior of the soil and stress transfer from the
elastic to the elastoplastic range.

According to the results, by increasing flexural strain, the
damping ratio increases because the amount of energy loss
will surge. The damping ratio of the core barrel sample is less
than the reconstituted one, and the variations of the damping
ratio for both samples are in the range of 1 to 3%. These show
the negligible influences of reconstitution and confining
pressure on the damping ratio.

According to Figures 8 and 9, anisotropic stress condition
in both samples increased the Young’s modulus. In the
core barrel sample, stress anisotropy increased the Young’s
modulus by an average of 65%. This significant increase can
be attributed to the cementation of the sample or the overhead
pressure of the upper soil layers over the years, while there
was no opportunity for cementation in the reconstituted
sample. Despite the significant differences between the
results of the core barrel sample in the case of isotropic and
anisotropic stress conditions, it is observed that the Young’s
modulus ratio diagrams for the isotropic and anisotropic stress
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Fig. 2. Effect of stress anisotropy on Young’s modulus
in core barrel sample
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Fig. 3. Effect of stress anisotropy on Young’s modulus
in reconstituted sample

conditions are almost identical. In addition, stress anisotropy
will result in minor changes to the damping ratio at small
strain level.

Also, by comparing the results of the two methods for
calculation of the damping ratio, it is observed that for all
samples, the damping ratio values obtained from the half-
power bandwidth method are higher than the free vibration
decay method.

4- Conclusions

In this research, by studying the dynamic characteristics
of core barrel and reconstituted samples, the effects of
reconstitution due to sample reconstitution in the laboratory,
confining pressure and stress anisotropy have been explored.
The results of the experiments show that with increasing
flexural strain, the Young’s modulus and damping ratio
decrease and increase, respectively. Furthermore, the Young’s
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modulus of the reconstituted sample is about 70% less than the
core barrel sample. While the effect of reconstitution on the
damping ratio is negligible. Increasing in confining pressure
for both samples led to surge in the Young’s modulus. The
elastoplastic strain threshold in the Young’s modulus ratio
diagrams for the reconstituted sample is higher than that of
the core barrel sample in some extent.

Applying anisotropy stress conditions increases the
Young’s modulus for both samples. Increase in stress
anisotropy will have a more effect on increasing the Young’s
modulus, while it has slight influence on the damping ratio.
The damping ratio values obtained from the half-power
bandwidth method for both samples in all stress conditions
are higher than the free vibration decay method.
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Table 2. Samples properties used in this study
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Fig. 2. Different parts of the used resonant column device: a) Test cell. b) Confining pressure control

system. ¢) Control computer. d) Data acquisition devices.
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Table 3. Experimental program

ow o3l o yles owlesl pb o3 (KPa) ® (%) e Kec
| R*-C.B"-150-1 V0. 0 - 10 \
Y R-C.B-300-1 Yoo o -10) \
¥ R-C.B-500-1 O 0 - /0) \
¥ R-C.B-150-1.43 V0. 0 N \V/FY
) R-C.B-300-1.21 Yoo 0 - /0) V/YY
5 R-C.B-500-1.13 O 0 - /0) VY
v R-R¢-150-1 V0. b -/F4 \
A R-R-300-1 Yoo 0 -/F4 \
q R-R-500-1 O b -/f4 \
\e R-R-150-1.43 V0. b -/F4 \V/fY
N R-R-300-1.21 Yoo 0 -/F4 V/YY
VY R-R-500-1.13 O b -/f4 VY
VY D4-C.B-150-1 V0. o -0 \
VE D-C.B-300-1 Yoo 0 N \
Vo D-C.B-500-1 O 0 - /0) \
\§ D-C.B-150-1.43 V0. 0 -10) VY
VY D-C.B-300-1.21 Y. 0 N \/YY
VA D-C.B-500-1.13 O 0 - /0) VY
V4 D-R-150-1 V0. 0 -/F4 \
\ D-R-300-1 Y- 5 -/f4 \
) D-R-500-1 O 0 -/F4 \
YY D-R-150-1.43 V0. 0 -/F4 \V/EY
Yy D-R-300-1.21 Y. 0 -/F4 \/YY
¥ D-R-500-1.13 O b <[4 VY

2R: Resonant test
b Core Barrel Sample
¢ Reconstituted Sample
9 D: Damping Test
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Fig. 3. Flexural excitation by electromagnetic drive system
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Fig. 4. Half-power bandwidth method for damping ratio calculation

Mo g GRalS (23 Jgre dilen UL Jgde jlude (ed (23S ]34l
i e 9 SB as yd ) cle & a5 e Gl Bl ol S
=l ool KoMy giwV] (o350 4y 05 d)ly 5 SezwV] 039100
B Jgte) (B (il 58 S S0 gl ) p 503 (e
Ol J8)S o B L 1) ol Conns G131 g (SO oo L
£ oV gVa]aas
03,5 JSinp Suuss &y SB )y wuis dgase i il
b oS 59y 0 Hal 13 098 o0 diged (5w (ljEl @ pocie a1
Ny e & Wb Rl SSL Jode 0aiiS dgaoe (5 paw 38
odaliio oAb (gilujly g 0dd (GpSojie Lged 93 o slp O JSB
85 gt Glalesl )3 SISk &Sl 4y a2y b el ogdle 050
4y G505 6V S & Juate uurbolineg S| (6,138l s Lansgs
Syl (5553 08 dgae (5 Rl L nlpls 29800 3l digel
S 53] Jlosl g 48,5 050 diges Vb SIS 5 diged o
Too sy (£pS0jl0l el 395 (pl &S aad o yidlS |y digel 59y p
Oped & D9 o (S FSesS Glais)S I 3 (s o 3 g (B
layisS @i dgiome (i gaw (LIEIL O S L Billae o

) 005 931)5 ‘5).»&5095

52
D=, ———
\ 477 + 52

Olgiise 5551y il Cupmd o o 2] salels Jlg5 b9, 2 093l

by 8,8 Gl (oo S8 o ‘O|93 U )E cual gyl eslaiwl b

.)3“" U’““" ¥ JS-MJ Jel ol o3ld Ul"'“) J>|)-'° L}JUM ‘(0) L;‘LIGJ‘) )I S
LYY 5 Y4]

Cou g b -V

0AiS Dgdoe i g (S9ys> Cuwd Sl =) =Y

91.:{6” 9‘”" NO- uL.u.o.b da.\.«.,.f .)9.).7:40 d‘.mu,w.) )‘)J ).) ui‘)""’
b 25y o0 Hlasl a8 jobo ylon .l i &)1 5 9 0 sla S 0 ISl

1 Half Power Bandwidth Method (H.P.B)

oYA



600 A—hﬁm\‘\‘l
~ 500
5]
% 400 ""“‘\.‘.
7]
=
=
S 300
S 0——04,..\.\‘“ —e— C.B- 150 kPa
» —a— C.B-
2 200 C.B- 300 kPa
=] —&— CB- 500 kPa
2 B - Aoy
- -E-3EHEEY --3--R-150 kP
~ 100 2
Geo-omom --3--R-300 kPa
0 --&--R-500 kPa
0.0001 0.001 0.01 0.1 1

Flexural Strain (%)

U Jgo 1 608 dgasmo (i g (5395 Cuwd 1.0 UK

Fig. 5. Effects of Reconstitution and confining pressure on Young’s Modulus
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Fig. 6. Effects of Reconstitution and confining pressure on damping ratio
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Fig. 7. Effects of Reconstitution and confining pressure on normalized Young’s Modulus

oY«



2000
AR A
EArn CB
1800 [_]
= 1600
E 1400
N’
g 1200
2 1000
EB-£ o —— - Ke=
§ S8 S5 150 kPa- Ke=1
@ 800 —8— 300 kPa- Kc=1
20 600 A—A—AAMiy —&— 500 kPa- Ke=1
=
S 400 e --8-- 150 kPa- Ke=1.43
.—‘-“.—m ——g-- - Ke=1.
200 -3--300 kPa- Ke=1.21
--&--500 kPa- Ke=1.13
0
0.00001 0.0001 0.001 0.01 0.1 1

Flexural Strain (%)

BWh (6 S D3ke Aiged UL Jge i SlumedU 51 .A JSS

Fig. 8. . Effect of stress anisotropy on Young’s modulus in core barrel sample
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Fig. 9. Effect of stress anisotropy on Young’s modulus in reconstituted sample
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Fig. 10. Effect of stress anisotropy on normalized Young’s modulus in core barrel sample
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Fig. 11. Effect of stress anisotropy on normalized Young’s modulus in reconstituted sample
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Fig. 12. Effect of stress anisotropy on damping ratio in core barrel sample
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Fig. 13. Effect of stress anisotropy on damping ratio in reconstituted sample
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Fig. 14. Half power bandwidth method for damping ratio calculation of core barrel sample at
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Fig. 15. Comparison of damping ratio calculation by two methods of free vibration decay (FVD) and half

Flexural Stran (%)

power bandwidth (HPB) in Core Barrel sample

oyo

70



4 [(r]
&
< 3
N’
.8
]
& 5 —e— F.V.D- 150 kPa
o0
£ —=— F.V.D- 300 kPa
=3
g —a— F.V.D- 500 kPa
]
(=T --e-- H.P.B- 150 kPa
--@-- H.P.B- 300 kPa
--A-- H.P.B- 500 kPa
0
0.0001 0.001 0.01 0.1 1

Flexural Strain (%)

ouwd (55w 3b 5 wiged sl (HLP.B) g3 (1 cuai o (VD) Liles ) g aield Jlgj (g 93 b (o2l s Connnd gl N8 UG

Fig. 16. Comparison of damping ratio calculation by two methods of free vibration decay (FVD) and
half power bandwidth (HPB) in reconstituted sample
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Fig. 17. Comparison of damping ratio calculation by two methods of free vibration decay (FVD) and half
power bandwidth (HPB) in Core Barrel sample at anisotropic stress condition
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Fig. 18. Comparison of damping ratio calculation by two methods of free vibration decay (FVD) and half
power bandwidth (HPB) in reconstituted sample at anisotropic stress condition
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