
Soil. Rocks, São Paulo, 2026 49(3):e2026006225 1

Soils and Rocks
An International Journal of Geotechnical and Geoenvironmental Engineering

www.soilsandrocks.com

ISSN 1980-9743
ISSN-e 2675-5475

https://doi.org/10.28927/SR.2026.006225
This is an Open Access article distributed under the terms of the Creative Commons Attribution license (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Rheological behavior of marine soil in submarine debris flows 
subjected to low temperatures
Larissa Barbosa de Lima1# , Marcelo Muta Hotta1 ,  
Márcio de Souza Soares de Almeida1 , Priscilla Velloso de Albuquerque Nunes1 , 
Lucas Chinem Takayassu1 

1. Introduction

Submarine mass movements are associated with 
various disasters, such as the collapse of offshore platforms, 
failures in engineering installations, damage to pipelines and 
cable systems, resulting in oil and gas leaks, interruptions 
in energy supply and environmental pollution. They are 
also cited as potential causes of devastating tsunamis, with 
fatal consequences (Fan et al., 2022; Locat & Lee, 2002; 
Schambach et al., 2020; Wang et al., 2024).

The triggering mechanisms for submarine mass movements 
are complex and numerous, including earthquakes, faults, 
rapid sedimentation, gas hydrates, waves, tsunamis, human 
activity, erosion processes, volcanism, salt diapirism, flooding 
events, and others (Guo et al., 2020; Kaminski et al., 2021; 

Liu et al., 2020b; Masson et al., 2006; Nian et al., 2019; 
Urgeles & Camerlenghi, 2013).

In this context, submarine debris flows represent one of 
the greatest offshore geological risks and accurate prediction 
of their impact has become an essential element in offshore 
engineering projects (Nian et al., 2018). The peculiarity of 
these events lies in the fact that they are analyzed as non-
Newtonian fluids (Tsugawa et al., 2019).

Submarine debris flow modeling is based on rheological 
models, which accurately describe the shear stress versus 
shear rate behavior (Rui & Yin, 2019). Therefore, studying 
the rheological parameters of marine soil is essential for 
understanding and predicting its behavior under flow 
conditions, taking into account the hydrodynamic factors 
that influence its dynamics.
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Although the literature presents several rheological 
studies involving soils with varying water contents (Jeong, 
2014; Liu et al., 2020a; Messaoudi et al., 2018; Nie et al., 
2020; Shakeel  et  al., 2022), a significant gap remains 
in understanding the behavior of marine soils under 
the influence of low temperatures (Meng et  al., 2018), 
which can significantly alter the rheological properties 
of these soils.

This article aims to investigate the rheological behavior 
of marine soils in submarine debris flows, considering 
the impact of water incorporation and the influence of 
low temperatures. Laboratory tests were conducted using 
a rheometer, with samples prepared at controlled water 
content and temperature, covering Liquidity Index (LI) 
values between 1.1 and 2.0, temperatures from 6°C to 20°C, 
and shear rates ranging from 0 to 100 s-1. Compared with 
previous studies, this work stands out by analyzing the 
experimental data using a Bilinear rheological model whose 
yield stress parameter has been shown to be equivalent to 
the undrained shear strength obtained with the rheometer. In 
practical terms, this equivalence provides a clear physical 
significance to the rheological yield stress and enables a 
more consistent interpretation of the marine soil behavior 
under submarine flow conditions. Additionally, assessing 
the influence of temperature is essential, as submarine flows 
can occur at different depths where thermal gradients may 
significantly affect the rheological response of marine soils.

2. Soil and temperature in submarine debris 
flows

2.1 Submarine debris flow

The behavior of submarine debris flows can be understood 
through four distinct stages (Hotta et al., 2024): 1) failure, 
initiated by a triggering mechanism; 2) flow formation, where 
the soil mixes with water, exhibiting non-Newtonian fluid 
characteristics; 3) debris flow development; 4) deposition, 
where the material accumulates on the seabed.

In this context, soil properties change continuously, 
and to investigate this behavior in detail, it is essential to 
consider the hydrodynamic effects involved in this process. 
Therefore, a comprehensive understanding of this phenomenon 
encompasses both soil mechanics and fluid mechanics 
(Mosher et al., 2010), which complement each other and can 
be studied using the principles of fluid rheology.

The most important rheological parameters are viscosity 
(µ ) and yield stress ( 0τ ) (Barnes et al., 2005). Newton’s law 
of viscosity describes the ability of a fluid material to resist 
shear-induced flow. The yield stress in rheology represents 
the onset of the flow (Locat & Lee, 2009). According to 
Mothe (2006), the viscosity of a material can depend on six 
independent parameters: physicochemical nature, temperature, 
pressure, shear rate, time and electric field.

Soil behavior is studied using rheological models, with 
the Herschel-Bulkley, Bingham, and Bilinear models being 
the most commonly applied in the context of submarine debris 
flows (Barnes et al., 2005). Different to the Heschel-Bulkley 
model, the Bingham and Bilinear models have a yield 
stress ( 0 )τ  with physical significance, as this parameter 
can be correlated with the undrained shear strength of the 
soil obtained through rheometer testing (Hotta et al., 2024; 
Lima et  al., 2024). The Bilinear Model differs from the 
Bingham model in that it accounts for the section of the 
flow curve - shear rate (γ ) x shear stress (τ ) - that precedes 
the critical shear stress ( cτ ) and its corresponding shear 
rate ( cγ ). This section is referred to as regime I, while the 
subsequent part is Regime II, as described in Equations 1 
and 2 and shown in Figure 1.

c 1Regime I ( )    .τγ < γ → = µ γ    	 (1)

( )c 0 2Regime II    .τ τγ > γ → = + µ γ    	 (2)

Hotta et al. (2024) proposed a rheological model to 
describe the behavior of marine soils, incorporating the 
yield stress based on the Bilinear model and accounting for 
the influence of water content through the liquidity index. 
This model is particularly relevant for studying submarine 
debris flows - because the properties of the soil change 
continuously with water incorporation. However, this model 
does not account for variations in soil temperature, as the 
tests were conducted with soil at 24°C.

2.2 Temperature in the offshore environment

The exploration of offshore resources in the Brazilian 
Pre-salt occurs at depths of more than 1,000 meters, where 
seawater temperatures are significantly low. Leffler et al. 
(2011) reported typical values ranging from 30 to 35°F 
(-1.1 to 1.7°C). Morais (2013) notes that, in Marlim Field, 
temperatures reach approximately 4°C at this and that such 
low-temperature conditions pose considerable challenges 
for oil exploration, particularly with regard to the behavior 
of marine soils.

Meinen et al. (2020) presented temperature measurements 
at four points in the Argentine Basin (Figure 2), using a 
monitoring system capable of recording thermal data up 
to depths of exceeding 4,000 meters. The depths of the 
main water layers were identified using the following 
acronyms: TW = Tropical Water; SACW = South Atlantic 
Central Water; AAIW = Antarctic Intermediate Water; 
UCDW = Upper Circumpolar Deep Water; NADW = North 
Atlantic Deep Water; LCDW = Lower Circumpolar Deep 
Water; AABW = Antarctic Bottom Water. The results 
showed temperatures close to 0°C at the depths of LCDW 
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Figure 1. Flow curve example, Bingham Model, Bilinear model - regime I and II (Hotta et al., 2024).

Figure 2. Argentine Basin: (a) Map showing the locations of the temperature profiles collected. The bathymetric of the data set is 
shown with contours filled in gray with a contour interval of 500m. Schematic arrows indicate the locations of the main ocean currents 
nearby; (b) Vertical temperature section averaged over four sections (Meinen et al., 2020).

and AABW, highlighting the extreme conditions of the 
deep-sea environment.

When studying submarine debris flow, it is essential 
to consider the impact of temperature on the seabed 
environment. At lower temperatures, the reduction in 
Brownian motion - random movement of microscopic 
particles in suspension, caused by collisions with fluid 
molecules – (Halliday, 2022) contributes to a more stable 
and structured particle arrangement, leading to greater soil 
strength. This effect is reflected in the increase in rheological 
parameters, such as the yield stress and viscosity (Guo et al., 
2020). Nian et al. (2018), based on rheological tests using the 
Herschel-Bulkley model, observed that average shear stress 
and viscosity of seabed flows at 0.5°C were up to 36.3% higher 
than those tested at 22°C (room temperature). These results 
indicate that low temperatures significantly influence the 
rheological properties of debris flows, representing a key 
factor in their mobility and overall behavior.

3. Materials and methods

3.1 Soils tested

The seabed samples were collected from two Brazilian 
offshore continental platforms located in the Campos Basin 
(RJ) and the Sergipe-Alagoas Basin (SE/AL), as illustrated in 
Figure 3. The geological characteristics and geomorphology of 
the region have been extensively discussed by Carneiro et al. 
(2017) and Figueiredo et al. (2015), respectively.

Ten representative samples were analyzed in laboratory 
tests: five from the Sergipe-Alagoas Basin (SE/AL) and five 
from the Campos Basin (RJ). Obtained from depths between 
20 and 60 meters below the seafloor, these samples consist 
of in situ marine sediments from the actual depositional 
environment. The samples were then subjected to geotechnical 
characterization and rheological tests, as shown in Figure 4.



Rheological behavior of marine soil in submarine debris flows subjected to low temperatures

Soil. Rocks, São Paulo, 2026 49(3):e2026006225 4

Geotechnical testing of the particle size, plasticity 
limit ( )Pw  and liquidity limit ( Lw ) tests were carried out 
in accordance with international standards: ASTM D6913 
(ASTM, 2021), ASTM D7928 (ASTM, 2017) and ASTM 
D4318 (ASTM, 2018).

3.2 Sample preparation

For the execution of the tests, the soil must have a 
water content sufficiently high to exceed its liquid limit ( Lw ), 
which varies for each sample. To standardize the results, the 
Liquidity Index (LI), Equation 3, was used as a reference. 
Thus, distilled water was added to the samples until the water 
content (𝑤) reached the value corresponding to the desired 
LI for each test. It is important to note that, in the equation, 
𝑤𝑃 refers to the plastic limit.

P

L P

w wLI
w w
−

=
−

 	 (3)

A planetary mechanical mixer was used to homogenize 
the samples, with a mixing time of 30 minutes for each 
sample to be tested by adding distilled water. This procedure 
is necessary to reconstitute the field conditions of the sample 
in terms of consistency and appropriate water content, as 
shown in Figure 5a and Figure 5b.

Once prepared, the samples were placed in a refrigerator 
set the test temperature. To prevent water loss during cooling, 
the containers holding the samples were placed in a sealed 
bag with a small amount of distilled water sprayed on the 
bottom. At the start of each test, the sample was removed 
from the refrigerator, and its temperature was measured using 
an infrared thermometer with an accuracy of ± 0.1°C and a 
precision of ± 0.5°C. The measurement procedure consisted 
of checking three points on the soil surface inside the beaker 
to ensure temperature uniformity before the rheological test.

3.3 Equipment and test setup

The rheometer used was the RST-CC-SST model, 
manufactured by Brookfield Viscometers and Rheometers. 

Figure 3. Sample location maps, highlighting: (a) Brazil; (b) Sergipe-Alagoas Basin; (c) Campos Basin.

Figure 4. Characteristics of the tests carried out. Subtitle: LI = Liquidity Index; T = temperature.
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Figure 5. Samples of marine soil: (a) removed from the sampler; (b) homogenized.

The tests were conducted using a concentric cylinder geometry. 
In this setup, the soil sample is placed inside the outer cylinder, 
as show in Figure 6, with radius Rexternal. The inner cylinder, with 
radius Rinternal and height H, is then inserted into the system. All 
dimensions correspond to standard geometries provided by 
the rheometer manufacturer. In this study, the tests conducted 
with LI values of 1.1 and 1.5 employed the CCT-25 geometry, 
whereas those conducted with an LI value of 2.0 employed 
the CCT-40 geometry. In both cases, the dimensions used 
correspond to those presented in Table 1.

Important observations regarding the tests are that they 
are performed using remolded samples, which are carefully 
placed into the inner cylinder of the rheometer with the aid of 
a spatula. The tests are conducted under controlled conditions 
and initiated immediately after sample preparation, once the 
specimen reaches the target testing temperature.

The equipment was operated in controlled rate (CR) 
mode, in which the desired shear rate parameters were 
set, and the corresponding shear stresses were measured. 
Test programming and data monitoring were performed 
using the equipment’s proprietary software, Rheo300. Data 
analysis was carried out using MATLAB and Excel.

At the start of the test, the inner cylinder is rotated from 
a stationary state, with the shear rate (𝛾 ̇) increasing linearly 
from 0 s-1 to 100 s-1, while the corresponding shear stress is 
recorded, this test is called a ramp test. The shear rate range 
selected was based on studies related to submarine debris 
flows (Du et al., 2022; Guo et al., 2021; Hotta et al., 2024; 
Liu et al., 2020a; Shakeel et al., 2022).

Marine soil samples were tested using concentric 
cylinder (CC) geometry, targeting LI values of 1.1, 1.5, and 
2.0 at controlled temperatures of 6, 13, and 20°C. The test 
temperature was maintained by circulating a thermostatic 
fluid through a thermal chamber surrounding the samples. 
Figure 7 shows the equipment used in the tests.

4. Results and discussion

4.1 Geotechnical characterization

The results of the sample characterization tests are 
listed in Table 2, along with the nomenclature used, location 

and average depth (below seabed level) of the samples. 
Analysis of this data revealed that the seabed samples 
have similar grain size curves, with a predominance of fine 
fractions (clay, silt and fine sand). According to the Unified 
Soil Classification System (USCS), all samples were classified 
as highly compressible inorganic clays (CH).

The marine soil samples analyzed had a liquidity 
limit of over 54% and plasticity index ranging from 26% to 
62%. These values are consistent with those reported in the 
literature for marine clays (Randolph & Gourvenec, 2017). 
In addition, the activity index of the clays, according to 
Skempton’s criteria (1953), indicates that most of the samples 
studied have normal to inactive behavior.

4.2 Rheological characterization

Rheological tests were conducted on each sample, 
and, by analyzing the flow curves using the Bilinear model, 
the rheological parameters of the material were obtained at 
three temperatures (6, 13, and 20°C). Figure 8 shows the 
results obtained for sample M1 at different temperatures 
and Liquidity Index (LI) values. The table presented in the 
Appendix 1 summarizes the rheological parameters obtained 
for each sample under different test conditions.

These parameters include yield stress, shear rate and 
viscosity, which are essential for characterizing the flow 
behavior of marine soils under varying temperatures and 
liquidity indices. By comparing the results across tests, it 
is possible to assess how changes in temperature and water 
content influence the rheological response of the material, 
offering insights into its potential behavior in submarine 
flow scenarios.

The results showed that the yield stress and viscosity 
increased with decreasing temperature, which is consistent with 
previous studies (Guo et al., 2020; Nian et al., 2018). However, 
in contrast to this study, these authors used the Herschel-Bulkley 
model to determine the rheological parameters.

4.2.1 Correlation of rheological parameters with liquidity 
index

Based on the data obtained and presented in the 
previous section, the yield stress component of the marine 
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Figure 6. Schematic of the concentric cylinder test: (a) isometric view; (b) front view; (c) top view.

Figure 7. Tests with the rheometer in the laboratory at controlled temperatures: (a) computer system for data acquisition; (b) equipment 
prepared for testing with the thermostatic fluid inlet and outlet hoses; (c) temperature control and regulation module.

Table 1. Dimensions of the cylinder geometries.
Data CCT-40 CCT-25

Re – radius of the external cylinder (mm) 21.00 13.56
Ri – radius of the internal cylinder (mm) 3.50 3.50
H – height of the internal cylinder (mm) 60.00 37.50
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Table 2. Geotechnical characterization test results.
Sample Basin Depth (m) Clay (%) Silt (%) Fine sand (%) sG Lw  (%) Pw  (%)

S1 Sergipe-
Alagoas

30 84 16 0 2.61 73 25

S2 59 72 27 1 2.62 75 24

S3 39 86 14 0 2.70 85 28

S4 44 100 0 0 2.65 55 17

S5 22 80 20 0 2.66 93 31

M1 Campos 49 59 41 0 2.70 70 26

M2 22 37 63 0 2.65 54 20

M3 27 33 66 1 2.65 69 25

M4 39 33 66 1 2.72 69 26

M5 33 47 53 0 2.71 57 31

soil accounts for more than 99% of its shear strength, 
indicating minimal viscosity mobilization in Regime II 
(Bilinear model). To analyze the influence of temperature, 
correlation curves were plotted for the yield stress as a 
function of the liquidity index at 20, 13, and 6°C. The 
correlation equations presented are expressed in terms of 
LI, according to the model proposed by Hotta et al. (2024). 
Figure 9, Figure 10 and Figure 11 illustrate these results.

A relevant aspect to be discussed is the coefficient of 
determination (R2). The results were considered satisfactory 
as they represented different soil samples collected from 
various locations across two distinct fields. The data 
points that lowered the R2 values corresponded to liquidity 
index (LI) values closer to 1; however, these points were 
important for defining the overall behavior of the curve. 
This variability reflects the natural heterogeneity of the 
soil samples and does not undermine the representativeness 
of our model.

The yield stress behavior of the soil for fixed liquidity 
indices of 1.1, 1.5, and 2.0—derived from the correlation 
equations at each temperature—is presented in Figure 12. 
These LI values were selected solely for visualization. 
A trend toward linear behavior (yield stress vs. temperature) 
was observed in all cases, with the slope decreasing as 
the LI increased. This suggests that temperature has a 
diminishing influence on the yield stress as the water content 
of the soil increases. This behavior is attributed to reduced 
particle-to-particle interactions due to the increased water 
content in the soil matrix.

4.2.2 Correlation of rheological parameters with liquidity 
index and temperature

Based on the discussion presented, a parametric data 
analysis was conducted to derive an empirical equation for 
the yield stress as a function of temperature and liquidity 
index (LI), as shown in Equation 4. The mathematical format 
indicates an exponential reduction in the yield stress and 
viscosity, with coefficients that vary linearly, acting both 
as multipliers of the liquidity index and as its exponent 
to adjust the behavior as a function of temperature. The 

coefficients a, b, c, and d are empirical parameters defined 
by curve fitting.

The coefficient values obtained for the marine soil 
studied are presented in Equation 5. The linearity of the 
correlation coefficients can be attributed to thermodynamic 
principles. Within the tested range, temperature (T) 
variations led to proportional changes in internal energy 
and entropy, which affected the mobility of particles in 
the soil matrix.

( ) ( )cT daT b LIτ − += +  	 (4)

( ) ( )0.016 3.3418.34 1326.7 TT LIτ − − += − +  	 (5)

This process allowed the formulation of a correlation 
equation that describes the behavior of the soil, considering 
both the water content and temperature as interdependent 
factors. Table 3 summarizes of the equations derived from 
the model by Hotta et al. (2024) and the one proposed in 
this article.

The results indicate a significant similarity in the 
values obtained, with a difference of 1.3% compared 
with the model by Hotta et al. (2024). This consistency 
suggests that the model proposed in this study can be a 
reliable tool for analyses that incorporate the influence 
of temperature.

Based on these results, it is useful to represent the 
yield surface for the marine soil (Figure  13), which is a 
graph that relates the axes of temperature, liquidity index 
and apparent yield stress. This representation demonstrates 
how the rheological properties of the soil change and how 
these changes occur in relation to the parameters studied.

Three sections were defined on the liquidity index vs. 
yield stress plane, corresponding to the tested temperatures of 
6, 13, and 20°C, and the resulting correlation curves are shown 
in Figure 14. The experimental data were in agreement with 
the exponential fitting curves, as indicated by the satisfactory 
R2 values. These results demonstrate that the model effectively 
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Figure 8. Flow curves and fitted Bilinear model for sample M1: (a) temperature = 20°C and LI = 1.00; (b) temperature =13°C and 
LI = 1.01; (c) temperature = 6°C and LI = 1.02. 

accounts for the temperature influence. Furthermore, when 
the three curves are displayed on the same graph, an increase 
in soil resistance with decreasing temperature becomes 
evident—an effect that is more pronounced for liquidity 
index values near 1, as previously discussed.

5. Conclusions

This study contributes to a better understanding of the 
rheological behavior of marine soils under submarine debris 
flow conditions, a phenomenon of great relevance for the 
safety of offshore infrastructure and mitigating environmental 
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Figure 9. Correlation curve obtained with the Hotta et al. (2024) model for temperature of 20°C. 

Figure 10. Correlation curve obtained with the Hotta et al. (2024) model for temperature of 13°C.

impacts. The main objective was to develop a predictive 
model that correlates the yield stress with the liquidity index 

and temperature, enabling a more accurate representation of 
soil behavior under varying physical conditions.

Figure 11. Correlation curve obtained with the Hotta et al. (2024) model for temperature of 6°C. 
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Table 3. Comparison between models.
Temperature (°C) Model Hotta et al. (2024) Proposed model

6 3.2171221.20LIτ −=
13 3.1801079.40LIτ −= ( ) ( )0.016 3.3418.34 1326.7 TT LIτ − − += − +

20 2.998964.49LIτ −=

Figure 12. Influence of temperature on yield stress in soils with the same liquidity index.

Figure 13. Representations of the yield surface studied.
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Figure 14. Correlation curve obtained with the proposed model for temperatures of 6°C, 13°C, and 20°C.

The experimental results confirmed that temperature 
directly influences the rheological response of marine soils. 
The yield stress accounted for more than 99% of the shear 
strength of the samples. Additionally, it was observed that 
the influence of temperature diminishes as the water content 
in the soil increases. From a thermodynamic perspective, 
temperature is a measure of the average kinetic energy of 
particles. As the temperature decreases, the kinetic energy 
diminishes, leading to a reduction in the intensity of Brownian 
motion. This reduction affects the microstructure of the soil 
by increasing particle interactions and flocculation tendencies, 
which in turn elevates the yield stress. Additionally, temperature 
variations influence the viscosity of the pore water, which tends 
to increase as the temperature decreases, thus contributing to 
higher resistance against deformation. The observed linear 
reduction in yield stress with increasing temperature can be 
attributed to the combined effects of diminishing particle 
agitation and changes in fluid viscosity, which together 
modulate the flow behavior of the soil.

Based on these findings, a predictive model was developed 
that incorporated both liquidity index and temperature. 
The proposed formulation offers a practical and theoretically 
grounded tool for improving the reliability of geotechnical 
assessments involving marine soils under low-temperature 
conditions, with direct application in the context of submarine 
debris flows. The correlation equations established in this 
study allow the use of laboratory results obtained at offshore 
ambient temperatures to model submarine debris flows 
occurring at different depths, since seawater temperature 
decreases with increasing depth.

The proposed relationships are intended to represent soil 
behavior during flow and to support numerical simulations aimed 

at predicting the dynamics of submarine debris flows, in which 
knowledge of the rheological parameters is fundamental to 
predict the response of the soil under hydrodynamic conditions. 
It is important to note that these results are not intended for 
applications related to soil mechanics approaches focused 
on slope stability analyses, as the tests were conducted on 
remolded samples and specifically designed to investigate soil 
behavior under flow conditions rather than failure initiation.
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List of symbols

a	 Empirical parameters
b	 Empirical parameter
c	 Empirical parameter
d 	 Empirical parameters
AABW	 Antarctic Bottom Water
AAIW	 Antarctic Intermediate
CC	 Concentric cylinder
CH 	 Highly compressible inorganic clays
CR	 Controlled rate

sG 	 Specific gravity of soils
H 	 Height of the internal cylinder
LCDW	 Lower Circumpolar Deep Water
LI	 Liquidity index
NADW	North Atlantic Deep Water

eR 	 Radius of the external cylinder
iR 	 Radius of the internal cylinder
²R 	 Coefficient of determination

SACW	 South Atlantic Central Water
T 	 Temperature
TW	 Tropical Water
UCDW	 Upper Circumpolar Deep Water
USCS	 Unified Soil Classification System
w 	 Water content

Pw 	 Water content at plastic limit
Lw 	 Water content at liquid limit

γ 	 Shear rate
cγ 	 Critical shear rate
µ 	 Viscosity

1µ 	 Regime I viscosity
2µ 	 Regime II viscosity

τ 	 Shear stress of the material
0τ 	 Yield stress
cτ 	 Critical yield stress
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Appendix 1. Rheological parameters obtained for all samples using the Bilinear model.

Sample

Temperature = 20°C Temperature = 13°C Temperature = 6°C

0τ  
(Pa)

µ  
(Pa.s )

cγ  
(1 / s)

LI 0τ  
(Pa)

µ  
(Pa.s)

cγ  
(1 / s)

LI 0τ  
(Pa)

µ  
(Pa.s )

cγ  
(1 / s)

LI

S1 1017.75 2.47 7.26 1.06 1059.91 1.48 8.68 1.04 1321.29 3.39 9.87 1.13
518.75 0.73 10.24 1.35 532.47 0.94 8.15 1.34 546.88 1.95 7.34 1.32
219.34 0.24 7.60 1.87 247.06 0.16 6.99 1.83 250.98 5.63 5.63 1.85

S3 676.44 1.71 8.61 0.99 640.28 1.76 10.94 1.04 673.02 2.59 10.28 1.06
238.41 0.31 8.44 1.41 237.37 0.46 7.02 1.45 254.00 0.73 6.48 1.45
94.61 0.12 5.18 2.04 98.68 0.17 4.95 2.02 119.38 0.17 5.03 2.00

S4 750.72 1.43 11.28 1.08 683.00 0.88 10.94 1.13 745.61 1.61 10.24 1.11
238.32 0.31 8.45 1.38 249.97 0.25 7.45 1.43 290.07 0.24 8.79 1.43
80.49 0.01 6.69 2.10 87.08 0.02 5.76 2.09 93.21 0.00 5.44 2.09

S5 1153.68 1.42 14.33 1.04 1156.37 2.44 10.51 1.07 1198.95 2.31 10.73 1.09
404.35 0.54 10.68 1.42 390.99 0.89 7.66 1.44 441.75 1.04 9.35 1.45
152.72 0.15 9.35 1.95 171.26 0.17 9.37 1.92 182.76 0.18 7.10 1.93

M1 994.04 0.86 11.68 1.00 1006.92 1.29 8.48 1.01 1041.13 1.63 9.27 1.02
347.23 0.02 7.38 1.40 356.47 0.06 7.92 1.40 390.56 0.25 5.41 1.44
177.02 0.01 9.63 1.97 173.26 0.02 6.64 1.86 182.59 0.04 6.37 1.88

M2 930.55 1.86 12.91 1.19 961.24 2.16 10.85 1.20 1040.75 3.04 10.09 1.22
423.40 1.19 7.66 1.35 460.73 1.19 8.49 1.47 591.43 1.48 7.39 1.44
164.44 0.22 8.20 1.98 172.35 0.29 5.52 1.93 199.63 0.34 7.45 1.86

M3 332.70 0.24 10.82 1.26 344.64 0.65 9.86 1.25 366.13 0.73 9.45 1.29
200.00 0.16 9.19 1.43 197.23 0.22 9.16 1.47 208.19 0.36 8.43 1.48
75.20 0.03 6.25 1.96 73.47 0.05 4.10 1.92 110.34 0.13 8.31 1.81

M4 1171.30 1.90 10.31 1.06 1364.98 2.28 9.09 1.07 1382.74 3.07 6.99 1.08
442.69 0.16 6.37 1.45 434.90 0.54 5.56 1.48 481.52 0.95 3.41 1.46
229.61 0.02 7.18 1.95 205.32 0.05 4.06 1.94 245.78 0.16 5.40 1.93

M5 614.72 0.96 11.87 1.06 630.58 1.11 11.13 1.08 687.91 0.65 9.75 1.09
242.25 0.11 9.55 1.42 235.64 0.19 8.44 1.47 253.40 0.34 7.11 1.44
93.38 0.06 9.11 1.94 103.78 0.04 6.55 1.87 98.34 0.07 4.33 1.96


