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Effect of Moisture Content on Some Rheological Properties of Paddy Soils
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Abstract: Reliable soil mechanical properties data are required for developing accurate model. The rheological
characteristics of paddy soils may be changed by changing moisture content. The present study was
conducted to determine how moisture content influences on some rheological properties of paddy soils.
A four-element Burgers rheological model generally recommended for paddy soils in South China was used in
the study. The paddy soil rheometer was comnected with displacement sensor and controlled by computer
software (Labview). The displacement was measured at different pressure soil moister content levels from
33 to 40%. The pressuresinkage-time equation of the soil surface under dynamic loading was theologically
developed by means of transforming dynamic load to a step function of time approximate. The results indicated
that the vertical load significantly changed soil properties at high moisture content level, suggesting that the
displacement may appear in case of step or sudden change.
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INTRODUCTION

Number of factors influences on rheological behavior
of paddy soils. One of the most important and significant
factors 1s the water/moisture content[1]. Vertical loads
especially at high water content may bring a step or
suddenchangeintherheological behavior of paddy soil [2].
Many models linked to wvarious devices/sensors,
computer soft-wares, ete. with emphasis on soil properties
are being developed and used to analyze the production
potential of paddy scil[3]. The model (four-element
Burgers rheological model) tested m this study 1s
generally used forestinationofrheologicalbehavior of
paddy soils. Prediction or understanding of rheological
behaviormay provide opportunity to change and
maintainasoilconditionmoreswtableforcrop growth and
development. If one 13 to be able either to mamntamasoil
condition or to change it to a more suitablecondition, he
must first have an understanding of soil behavior; this
behavior must eventually be properlydescribed.Soil
conditions and properties, widely varying types of
forces and widely varying types of behaviormust all
be included in any description before the description
can be satisfactory. Therefore, through testing the
physical/mechamcal properties of paddy fields, the
analysis of water/moisture content will helptodeeply
understand  the rheological behavior of the paddy
soils[4].

MATERIALS AND METHODS

Soil Preparation and Analysis: A fertile plow layer soil
clay loam was collected from Puku Yonling Farm of
Nanging Agricultural, Umversity, China. Soil preparation
consisted of soil loosening and compaction. The practice
of soil loosening and compaction was done between
experiments by watering to soil for 2 to 3 days. After
achieving the required moisture content levels, the soil
was compacted by applying force through compactor.
The soil used in the experiments was analysed to
physical  properties, mcluding
moisture content which are shown in (Table 2). Finally
relationship of soil moisture content with measured
physical/mechanical properties was estimated through
soil bulk density(g.cm™), soil moisture content(%a), soil
porosity(%0), soil penetration resistance(MPa) and soil
normal stress and shear stress (kPa)[5].

determnine  some

Measurement of Some Soil Rheological Properties:
A Four-element Burgers rheological model [6-10] shown
in Fig.1 was used in this study.

Table 1: Test soil particle size distribution table

Soil types Sand Silt Clay
Rize/mm 0.2~0.05 0.05~0.01 0.01~0.005
Quality 2% 09 47 39
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Fig. 1: Four element Burgers model.

Fig. 2: Paddy soil rheometer

Burgers model of stress-strain equation for the
operator
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If the arithmetical symbol of equation (1) can be
indicated by D, then:

=Le 2)

Asthe theory of EH Lee[11-12]: visco-elastic body of
stress and strain analysis and the general media as a row,
according to the same basic equation. The difference only
lies in the different stress-strain relationship. As long as
the stress-sirain equation operator set up the basic
equations can be solved by the visco-elastic problem [13].

Board will be loaded on the surface of =zoil samples
and weights on the load board, load the plate in Figure 2
record subszidence of the relationship between volume
and time. Plotting the volume of subsidence - the time
(u-t) diagram and the rheological equation for fitting
rheological model can be obtained to calculate the
rheological parameters which shown in Figure 5.

By flat-panel set in the semi-infinite elastic body
surface subsidence schleicher wvolume formula to
determine:

op 3K +4C
‘u_:_.

V4 463k +3) (3)

China's GM rice paddy zoil theological model, the
rheological equation [14-15]

_ep[ 1 1f, aAY,
u _-JZ|:EM+E'E[1 = J+Lm:| (4)

Where

- subgidence volume

a- Bearing surface shape factor: For the round,

o= 0.96; the square, ¢= 0.95; for rectangular (1:3), o= 0.88
p- Applied pressure

A-Load area

K- Shear modulus is also called the stiffness modulus

- Bulk modulus is also called the compression modulus
I - Poisson's ratio of soil samples

Em, L;; Ek and Z; - Rheol ogical parameters

According to the equation (4), we can
measure the relationship between the displacement
and the time on the condition of the under static
and dynamic loading at different

Static  load  conditions, the rheological
parameters are used in static load conditions, the

goil moisture
content.

measured creep curve obtained in the soil. Test, the
computer automatically collected by the pressure and
subsidence of zoil volume and after this, we can work out
the rheological parameters of the paddy clay loam =oil at
different soil moisture content which are shown in
Table 2 and Figure 5.

Soil moisture content was 33, 38 and 40% as we can
seen from Figure 4 the measure with theoretical curve.
This shows that the system used to measure the paddy
clay loam soil rheological parameters under dynamic
loading iz quite good.

Table 22 Companson of soil theological parameters measured under static
and dynamic loading at different so1l moisture content

Moisture  Soil Bulk Ent Lot Ey Ly

content (%) dendty (gicc)  (Wiem®)  (Msfcm®)  (Wom®) (N sfem?)

33 1.25 26.85 5405 50.64 306.8

36 129 14.98 3475 21.13 107.6

38 127 13.48 4111 26.01 19.99

40 135 11.23 156.7 24.96 2524
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Fig. 3: Different circular plate under the same load — Fig. 4 Different soil moisture content and time of the
volume and time of the subsidence curve subsidence curve
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The
(theometer) connected with the displacement sensor
(for calibration) and computer loaded with Labview

Experimental Process: experimental device

software was used m the study. The rtheometer was
placed on soil bed carefully, so that the accuracy of the
experiment 13 insured. The device was operated by malkang
contact of round plate with soil in fixed position. The
output of the device was displayed on computer screen in
a shape of set of displacement - time curve as we can see
in (Fig. 3 and 4).

RESULTS AND DISCUSSION

The data obtamed from the study indicated that
the change
displacement directly, according to the result and the
law of viscoelastic, the rheological model is shown as
Fig. 2 which 1s connected with displacement sensor
shows the relationship between displacement and time
at 0.1 kg/cm’ pressure. Measurement results were modeled
using simple mechanical analogs (namely; soil
rheometer and displacement sensor) and four-element

in the moisture content affected the

Burgers rheological model to analysis of the results.

Analysis of Test Results: This study describes soil
rheological parameters under stress conditions that
mimic actual field conditions. The experimentally
determined rheological parameter gathered could be
used in predicting soil strain and resulting changes in
hydraulic properties during compaction of agricultural
soil. Soil rheological parameter under steady state and
oscillatory stress conditions of paddy clay loam soil
were measured using a paddy soil rheometer with
displacement sensor in different soil moisture content.
The displacement was measured at different pressure
soil moister content levels from 33 to 40%. In the study of
soil physical/mechanical properties it was observed
that moisture content has long been found as one of the
mumerous factors influencing the rheological behavior
of paddy soils. The rheological behavior of paddy soil
changes significantly according to the change of the
water moisture content (Figure 5). When the vertical load
affects on the soil whose water moisture content 1s high,
the displacement may appear the case of step or sudden
change which are shown n (Figure 4). So, through the
experiment, we can anises the law that water moisture
content affect on the rheological parameters, it can help
us to know the rheological properties and the law of
displacement.
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