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Fig. 1. The location of the studied area in the north-west region of Shiraz City
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Fig. 2. A sample of gradation analysis curve (sieve curve) of studied soil
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Tablel. Mechanical Properties of Studied Marl and ASTM standard codes
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Fig. 3. Unconfined pressure changes of Marl based on moisture content
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Fig. 4. Shear strength changes of Marl based on moisture content
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Fig. 5. Specific gravity of Marl based on moisture content changes
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Fig. 6. Cohesion amount of Marl based on moisture content changes
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Fig. 7. The compression index Cc of Marl based on moisture content changes
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Fig. 8. The swelling index Cs of Marl based on moisture content changes
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Fig. 9. The initial void ratio Vo of Marl based on moisture content changes
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Fig. 10. A sample of pressure test results measured at a depth of 15 meters.

PL(kg/ecm?)

a 5 10 15 20 25 30

10

m I
: A\

depth (m)
/

€0

Fig. 11. Changes of limit pressure on persumeter test based on depth changes
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Fig. 12. Elasticity modulus changes based on depth in pressure meter test
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Fig. 13. Soil shear modulus changes based on depth in the studies site
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Figure 14: Soil pressure and shear wave velocity changes based on depth
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Fig. 15. Scanning electron microscope
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Fig. 16. Microscopic photo of sample at 50 mm scale
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Fig. 17. Microscopic photo of sample at 30 mm scale
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Fig. 18. Microscopic photo of sample at 5 mm scale
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Abstract

Marls are one of the problematic soils that undergo more erosion due to their deformability and
sensitivity to humidity and weather conditions. The effects of these soils have been observed on
subgrades of pavements, abutment of dams, foundation of high-rise structures, the interaction of
soil-structure and etc. The strength and deformation of marls are more effective to moisture
content. In addition, the dynamic parameters of theses soil are considerable as well as static
geotechnical specifications. Soil dynamic parameters can be obtained from both laboratory
experiments and field experiments. With the aim of understanding the dynamic behavior of marl
soils, this study was carried out to evaluate the marls of northwest region of Shiraz City which is
mixture of marls containing the expansive anhydride gypsum. For this purpose, the laboratory
cyclic triaxial test and in situ downhole test has been performed. The results showed that for
normal consolidated marls, with increasing the confined pressure from 400 to 600 kPa (increasing
soil depth), the shear modulus increases from 50 to 200 kPa. In addition, the behavior of the
damping ratio is relatively different for strains less than and greater than 1%, but in general, for
strains higher than 1%, the damping ratio decreases from 0.21 to 0.18 with the increase confined
pressure from 100 to 600 kPa.

Keywords: Shear modulus, marl, damping ratio, cyclic loading, site effect.

Introduction
Marls are among the problematic soils that threaten developmental projects. As moisture increases,
the resistance of these types of soil decreases and their deformability increases. During an earthquake,
its parameters and properties are likely to alter. In case of evaluating the response of earth to the
imposed loads and seismic excitation, both mechanical and dynamic properties of soil need to be
taken into consideration. These properties are directly utilized to study the seismological site effect.
Among the soil properties, hardness, natural frequency, and damping ratio are more influential.
During last five decades, numerous studies have been conducted to identify the dynamic properties
of soils. Some researchers have focused on the relationship between shear modulus and shear strain
range (Ajmera et al. (2017), Bedret et al. (2019), Boulanger and Idriss (2006)). In the previously
fulfilled studies, many of the factors affecting the shear modulus have been widely examined by
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researchers through running laboratory experiments and using resonant column device and cyclic
triaxial device (Beroya et al. (2009), Beroya & Aydin (2007), Boulanger & Idriss(2007), Hardin et
al. (1972), Weissmann & Hart (1962), Yilmaz et al. (2004)). Among clay soils, Marls, largely due to
their special properties, have special dynamic behavior. These types of soils behave differently
especially when they are in saturated conditions and are compounded with other materials such as
plaster. The dynamic behavior of Marls has not been thoroughly investigated as yet. Therefore, the
present research study tries to address such a gap by examining the properties of Marls especially
their dynamic properties.
Materials and Methods
Mechanical Properties of Materials

This study was done on Marls in the northwest of Shiraz city. This type of soil is abundantly found
in different parts of Fars, as well as whole area of the Iran. In addition to clay Marls, a large part of
the studied soil also contains gypsum minerals, which sometimes leads to swelling. To identify soil
properties, a series of basic tests have been performed. Table 1 presents the primary properties of soil
in different depths.

Tablel. Mechanical Properties of Marl Soil

Maximum dry density 1.7(gr/cm?®)
Optimal moisture content 19.39%
Adhesion(non-saturated) 0.18(kg /cmd)
Angle of friction(non-saturated) 21 gegree
Soils lime percent 37.5%

Grain percent 88.9%

Soils inflation percent 16.45%
Plasty limit 15.44%
Dough index 15/56%

Classification of soil according to unified standard USCS CL

Results and Discussion

Cyclic triaxial experiment is used to specify the mechanical properties of soil in high strains. To do
the test, the cyclic triaxial device of Tehran University was utilized. For every composition of soil,
the tests were done in eight different confined pressures as the effect of cyclic loading on soil behavior
is different at different depths. Samples are consolidated by confined pressure. As this pressure
increases, the consolidation treatment increases, as a result, the sample would have less settlement.
These settlements remain in the sample in the form of cumulative strains. Figure 1 depicts a ring of
load-transmission temporal history diagram in the cyclic loading experiment for 300 to 520 kPa
enclosing strains.
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Fig. 1. Load-transmission diagram based on enclosing strain:
(a): p=300kPa, (b): P=400 kPa, (c): P=470kPa, (d): P=520 kPa

Evaluating the Soil Properties with Moisture Percentage Changes
The tests indicate that the resistance properties of Marl soil are considerably dependent on moisture

percentage. The results indicate that as moisture increases, soil resistance decreases in a linear way.
According tests results, examining the moist changes trend on Cc index in consolidation test implies
that, as the moisture percentage of Marl soil of Shiraz city increases by 12, 15, 18, and 21%, the
compression index also increases but swelling (Cs) index decreases minimally.

Evaluating the Cyclic Properties of Marl Soil
As the shear strain in soil increases, the shear modulus decreases. According to Fig. 4 the behavior of

damping rate for lower strains and more than 1% is is slightly different. However, in general, for
strains higher than 1%, increase of all-round pressure leads to decrease of damping ratio. For better
comparison of shear modulus and damping ratio changes based on confined pressure, Figs. 2 and 3
show the values of these two parameters based on different enclosing pressure.

As Fig. 2 reveals, for pressures of 50 to 400 kPa, as pressure increases, the soil shear modulus value
also increases steadily. However, from 400 to 520 kPa stress, this increase occurs more considerably
and then from 520 to 800 kPa stress, this increase becomes slower and more moderate. In addition.
according to Fig. 3, the general trend of damping ratio is descending as confining pressure increases.
To compare the obtained results for shear modulus of Marl samples in cyclic and static cases, the
results obtained in the cyclic triaxial test and static triaxial tests Figure 4 compares the shear modulus
results of cyclic triaxial test and static triaxial test for three enclosing pressures of 100, 200, and 300
kPa in 1 and 10 strains.
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Figure 4. Comparison of obtained shear modulus results for two tests of cyclic triaxial and direct shear

According to Fig. 4, the shear modulus in the cyclic and static cases increases as confining pressure

increases. Additionally, the values of shear modulus in dynamic case are more than those in static

case. Therefore, using cyclic shear modulus especially when soil is affected by high strains is more

effective as it provides more accurate results in comparison with static shear modulus.
Conclusions

The present study dealt with the evaluating the impact of cyclic loads on geotechnical properties of Marls

in the northwest of Shiraz city. The most important obtained findings were:

* The dynamic and geotechnical parameters of marls in different tests give different results, which should

be taken into consideration, specially the study of the dynamic response.

* By comparing the results of this research with studies conducted in other parts of Iran and the world, it

can be seen that the type, color and combined materials of marls have no effect on the results of the

experiments. The importance of this issue in Shiraz marls is due to the swelling property caused by the

presence of active chalks, the presence of holes and conditions near the fault zone.

« With the increase of confining stress, the rate of reduction of dynamic and static shear modulus difference

in 1% strain is 0.65 and 0.4, respectively, and in 0.1% strain, it is 0.50 and 0.27, respectively.

* The values of the shear modulus in the dynamic (periodic) state are higher than in the static state, and

the amount of this increase will increase with the increase of the shear strain.

* In dynamic analysis, especially in seismic analysis where the soil environment is affected by high strains,

the use of periodic shear modulus instead of static shear modulus is of great importance to achieve accurate

results.
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