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Abstract. In this study, stress relaxation tests were carried out by keeping silt type soil specimens under different strain levels.
Decreases in the stress values with time data was collected to better understand the effect of the strain level on the relaxation
properties of soil specimens. In addition, the stress relaxation effect on the uniaxial compressive strength (UCS) values of the
specimens was investigated with a series of tests. According to the results obtained from this study, the UCS values of the silt
specimens significantly vary as a result of the stress relaxation effect. The UCS values were determined to increase with an
increase of relaxation strain level to a threshold value. On the other hand, the UCS values were found to be affected adversely in
case of high stress levels at the initiation of the relaxation, which are close to the peak level.
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1. Introduction

Stress relaxation can be defined as the time-dependent
reduction in stress values under a constant strain level. Time
is an effective factor in terms of changing in the mechanical
properties of soils. Sometimes stress relaxation is confused
with the creep, which is another type of time-dependent
event of deformation under a constant stress value
condition. It is possible to find numerous studies about the
effect of creep on strength values of soil materials in
literature (Dob et al. 2016, Tran et al. 2018, Sabir et al.
2016, Wang et al. 2014, Kwok and Bolton 2013, Wang et
al. 2021). However, stress relaxation of soils is a less
studied topic compared to the creep. In case of being kept
under a constant strain level, external stress values can
significantly decrease because soils are granular materials
and plastic deformations are induced at the grain contact
surfaces by time (Lade et al. 2010, Yin et al. 2014,
Staszewska and Cudny 2020). The stress relaxation is
primarily resulted from gaining some amount of plasticity
in case of keeping materials as strained for a time period.

Within previous studies, various parameters like grain
size, grain shape, water content, confinement pressure from
the second and third axes were studied and determined to
have notable effect on the stress relaxation period and ratio
(Sanchez-Giron et al. 2001, Lade and Karimpour 2015,
Kutergin ef al. 2013, Levin ef al. 2019, Komurlu and Celik
2022). In this study, stress relaxation properties of silt type
soils were investigated under various strain levels.
Additionally, effect of different stress relaxation amounts on
uniaxial compressive strength (unconfined compressive
strength) values was tested with a series of experimental
studies.
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The stress relaxation occurs due to the start of plastic
deformation and loss of the ability to revert previous length
after loading. Even though a soil material is elastically
deformed with a short-term loading condition, the plasticity
is induced in case of keeping under a constant strain level
by time. Depending on the stress relaxation amount,
specimens can completely loose their elastic deformation
property and the tendency to return to their lengths before
loading.

Rate of the decrease in the stress values is high in the
early stages of the stress relaxation. Then, the stress
relaxation rate slows down in later stages. At the end of the
stress relaxation, soil specimens with zeroed stress value
fully keep its strain because of gaining plasticization and
permanency in the strain (Kamao 2016, Liingaard et al.
2004, Wang and Xia 2021).

The particle size is another parameter which is effective
on the relaxation properties of soils. Since the surface area
and the contact number increase with a decrease in the
particle size parameter, strain energies are relatively more in
the fine grained soils in comparison with the soils with
coarse particle sizes. Energy level is also a dependent of the
time factor. As in the consolidation or creep deformations,
the straining takes relatively long times for the fine soils
like clays (Paul et al. 2021, Jun et al. 2021, Komurlu and
Kesimal 2015a). As similar, an energy absorption process of
relaxation due to the plasticization of the fine soils takes
higher durations than those of the coarse particles (Komurlu
2021).

This study is aimed to be beneficial in terms of better
understanding the effect of the strain relaxation event which
is usually neglected in engineering designs and analyses on
the strength values of soil materials. Additionally, time
dependent changes in the stress values by the relaxation
effect are determined in detail. Within this study, different
strain levels and time periods were investigated to
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Fig. 1 Sieving for the specimen preparation

determine their effect on stress relaxation properties of a silt
type soil specimens. The methodological details for the
experimental study are given in the following title.

2. Materials and methods

All the soil specimen was sieved before tests to prepare
them for passing the No. 50 (0.297 mm) sieve to use in the
experimental study (Fig. 1). In addition, 65% of the soil
specimen was determined to be under the No. 170 sieve
aperture size of 0.090 mm, and 55% of the particles passed
from the No. 200 sieve (0.075 mm). To classify the soil
specimens from Giresun city of the Black Sea Region of
Turkey, the Atterberg limits (Liquid limit and Plastic limit)
were evaluated. The famous Casagrande test was carried
out for determination of the liquid limit value. The
methodology stated in the ASTM D4318-10 coded standard
was followed in the Casagrande test. Soil and water
mixtures were put in the Casagrande test cup and cut into
two parts with the standard groove. The cup of the
Casagrande test equipment was then dropped repeatedly by
the motor until the groove is closed due to the flow of the
soil and water mixture. The liquid limit was determined as
the water content for closing the groove under the impact of
25 blows. In case of having a contact length of 13 mm, the
test was stopped and the groove was considered to be closed
(ASTM International 2010).

The water content was determined as the ratio of mass
of water to mass of dry soil. To make dry soil, specimens
were heated in the 105 °C stove for a day. The Plastic limit
test is performed by repeated rollings of soil rods by hand
on the standard glass plate. As stated in the ASTM D4318-
10 coded test standard, the plastic limit was determined as
the water content at which a thread of soil rods just
crumbles when it is carefully rolled to a diameter of 3 mm
(Fig. 2). To classify the soil specimen used in the
experimental study, results obtained from sieve analysis and

the Atterberg limit (liquid limit and plastic limit) tests were
used in accordance with the unified soil classification
system (USCS).

After the soil samples were brought from the field, they
were put into the stove for a while to partly remove grain
surface moisture. Then, they were crushed by impact using
a straight surface mass block to separate the grains well
before sieving. The separation of the grains is aimed to
increase the amount of material passing under the No. 50
screen to use in tests. The sieved soil was kept in the
laboratory at room temperature for two days and received
some air humidity. Later on, the soil was mixed in a plastic
basin after adding water with an amount of 9% of soil by
mass and homogenized by hand. Then, soil specimens were
filled in cylindrical moulds with the inner diameter of 46
mm. Some pictures from soil mixing and molding processes
are given in Fig. 3. The purpose of adding some water
before molding is to maintain the shape of the mould better.
It was envisaged that a dry soil can spread while being
removed from the mould. The specimens were filled into
the moulds in three steps and 25 mallet drops were applied
for the soil compaction after each filling steps.

The specimens with the ratio of height to diameter of 2
was kept at the room temperature for a day and removed
from the moulds to use in the uniaxial compressive strength
(unconfined compressive strength) test. The moulding and
removing from the mould procedures were same for all the
specimens tested within this study. Plastic pipes with the
wall thickness of 2 mm and slit cuts along their lengths
were used as moulds. The specimens were easily removed
from their moulds by opening the slit. Roughness of the up-
side end surfaces of the specimens was gently removed by
using a snap blade knife to make a smooth contact with the
loading platens. Additionally, the surface was flattened by
mallet drops when the specimens are in the plastic moulds.

Totally, 16 specimens were used within this study. Some
of the specimens were directly used in the uniaxial
compressive strength (UCS) test without having a stress
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Fig. 2 Soil specimen homogenization for the Atterberg limits tests (a), liquid limit test (b) and plastic limit test (c)

Fig. 3 (a) Soil mixing, (b) soil mduldiﬁg and (c) soil compaction in moulds

Fig. 4 Uniaxial compressive strength (UCS) test
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Fig. 6 (a) Liquid limit test results and (b) classification of the soil according to the Casagrande plasticity chart

relaxation, and the other ones were kept under various strain
levels to investigate time-dependent variations in stress
values due the relaxation. UCS tests of the specimens with
the stress relaxation were performed after waiting until the
load values dropped to zero. By this way, UCS values of
specimens with and without the stress relaxation could be

examined comparatively. The loading rate was chosen to be
0.5 mm/min in the UCS test. A sensitive electric motor
press with the loading capacity of 50 kN was used to
measure the load values during the uniaxial compressive
strength test and the stress relaxation process (Fig. 4). To
assess whether the soil specimens tested within this study
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Fig. 7 Stress changes by the relaxation time

had similar void ratios, lengths of the samples were
measured precisely and the density values were determined
by weighing with 0.001 g sensitive electronic scales after
the soil specimens were removed from the cylindrical
plastic moulds.

3. Results

The liquid limit and plastic limit values were determined
to be 39% and 26%, respectively. According to the unified
soil classification system (USCS), the classification of the
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Table 1 Stress level at the initiation of the relaxation (oi) values and densities of specimens (p) before the

relaxation (SN: specimen number, SD: standard deviation)

Group N (kcl?a) cil()ktg) (g/é)m3) S(]g)/cfg;f

Gl1 4 0 0 1.79 0.08

G2 4 38 3 1.77 0.10

G3 4 62 3 1.82 0.09

G4 4 95 4 1.76 0.07

Table 2 Stress (o) variations for different relaxation periods
Replicate o0 oatter  ERET RO ST SR Smm Somm o somin

(Group) - (kPa) 10sec(kPa)  \pp ) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
1(G2) 41 24 17 12 6 2 0 - -
2(G2) 36 23 15 10 4 1 0 - -
3(G2) 39 23 16 10 5 2 0 - -
4(G2) 35 21 15 8 3 1 0 - -
1 (G3) 59 30 19 13 7 3 0 - -
2(G3) 63 34 22 15 8 3 1 0 -
3(G3) 65 36 24 16 9 4 2 0 -
4(G3) 60 33 21 14 8 3 1 0
1(G4) 97 69 38 31 19 6 3 1 0
2 (G4) 99 70 47 35 18 12 6 2 0
3(G4) 94 64 45 32 17 10 4 1 0
4 (G4) 91 62 36 27 16 8 3 1 0

Table 3 Uniaxial compressive strength (UCS) test results
(SN: specimen number, SD: standard deviation)

oi(kPa) Group SN (II;TIC,:) Sb (i)}r);)JCS
0 Gl 4 107 6
38 G2 4 135 8
62 G3 4 152 9
95 G4 4 118 7

soil used in this study can be done in consideration of the
Atterberg limits (Liquid and plastic limit) test results
because more than 50% of the particles passed from the No.
200 sieve with the aperture size of 0.075 mm. The soil
sample used in this study was classified to be a silt type
cohesive soil. In more detail, it was found to be an ML
coded inorganic silt type soil. Density values of the
moulded specimens before the stress relaxation test are
given in Table 1. The mean density value for all 16
specimens used in this study was determined to be 1.78
gr/cm?, and the standard deviation of the density values did
not exceed 6% of the mean value. Considering the similar
density values, specimens were assessed to have close void
ratios, which are proper for comparison of the results
obtained from the laboratory study. Within the stress
relaxation test, the data of stress variations with the change

of time was measured as given in Table 2. According to the
results, the stress relaxation rate was found to decrease with
an increase in time. It was found that half of the decrease in
the stress level was obtained within a minute, and the
change in the stress levels was quite slow towards the end
of the tests. All specimens completed their relaxation and
had zeroed stress values in 40 minutes. The time for
completion of variations in stress values was found to be
lengthened as a result of increase in the stress level at the
initiation of the relaxation (ci). As seen in Table 3, i has
also an important effect on the uniaxial compressive
strength (UCS) test results. Even though UCS values were
measured to increase with an increase in oj, the stress
relaxation was found to have a negative effect on UCS
values in case of having higher oj values than a threshold
level (Fig. 5). According to the results obtained from the
UCS test, the stress relaxation was assessed to have a
nonignorable effect. The results obtained from the
Casagrande liquid limit test are given in Fig. 6. Stress
changes by the relaxation time are given in Fig. 7.

4. Discussions
The stress relaxation values for various oj levels were

measured till the completion of the decrease in the load
values. One of the main outcomes of this study is observing
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an increase in the time period for completion of the
relaxation with an increase in the oj values. In other words,
completion of the decrease in the stress values takes longer
time with increasing strain level during the relaxation. The
stress relaxation event occurs due to gaining the plasticity
resulting from the energy supplied by an external load on
the strained material. As the energy level increases with an
increase in the strain level, it is expected to also have
increase in gaining plasticization in deformation and time
for completion of it. As confirmed by the results obtained
from this study, the relaxation takes longer time under an
increased energy level (Lade and Karimpour 2016, Li et al.
2013).

The stress relaxation was assessed to be quite rapid
especially in early times that significant amount of decrease
in the stress values occurred within several seconds, and a
period of fourty minutes was enough for having completely
dropped stress values of investigated specimens (Fig. 7).
Results of other relevant studies are parallel to those
obtained from this study that the stress relaxation rate
decreases with an increase in time (Bagheri et al. 2019,
Augustesen et al. 2004, Tong and Yin 2013).

Due to loading specimens to a strain level, void ratios of
samples decrease and a compaction happens in the soil
materials exposed to the stress relaxation. Therefore, it is
assessed to be a well-estimated outcome to obtain an
increase in the strength values after the stress relaxation. On
the other hand, very high o; values were found to make a
decrease in the UCS values. It is inferred that excessive
stresses, which are close to the strength level can make an
initiation of damage in soil specimens kept under a high
strain case. Because high load levels cause initiation of
micro-damaging or macro-damaging, the strength values of
samples can be affected by excessive increases in the o;
values (Dijkstra et al. 2019, Komurlu and Kesimal 2015,
Hanley et al. 2015).

The compaction by being strained is also effective for
variations in deformability properties such as the modulus
of elasticity of soil materials. Contact conditions of grains
and the void ratio can significantly change depending on the
strain level. According to the results of some relevant
studies, the modulus of elasticity and the stiffness of soil
materials increase owing to the relaxation of the soil
samples strained (Miksic and Alava 2013, Sheahan et al.
1994, Chegenizadeh et al. 2020).

The soil layer size effect is essential to consider for
differences in time-wise properties. It is known that the
stress relaxation takes longer time with an increase in the
specimen size (Bock ef al. 1991, Xu et al. 2018). Therefore,
completion of the stress relaxation in the field is estimated
to take much longer time in comparison with those of the
laboratory specimens.

The particle size property and grading are important
parameters in various mechanical aspects of soils (Azarafza
et al. 2021, Zhou et al. 2018, Xin et al. 2019, Thomas and
Rangaswamy 2020). In this study, it was aimed to
investigate the effect of the stress relaxation on the UCS
values of a silt type soil with a series of laboratory tests.
Although the stress relaxation effect was found to
significantly influence the change in the UCS values, it is

neglected in engineering designs and analyses in many
times. This study has an outcome to note that the effect of
the stress relaxation on the UCS values is unneglectable.
Depending on the strain level of the stress relaxation, UCS
values can be improved. This study is aimed to contribute to
better understanding the strength changes due to the stress
relaxation effect. Because there are a limited number of
studies on the topic of stress relaxation of soils in the
current situation, new investigations will be beneficial for
further analyses on its effect on various parameters of soil
materials.

5. Conclusions

Following matters can be listed as the conclusion of this

study:

e Stress change rate decreases with an increase in the
stress relaxation duration.

e The stress relaxation has a notable effect on the UCS
values of soil materials.

e The UCS values can significantly increase as a result of
the stress relaxation effect depending on the stress level
at the initiation of the relaxation (o).

e In case of quite high i values which are over a
threshold level, the UCS values are inversely varied due
to the relaxation effect.
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