N
N

N

HAL

open science

A method to predict the soil susceptibility to
compaction of surface layers as a function of water
content and bulk density
K. Saffit-Hdadi, Pauline Défossez, Guy Richard, Yu-Jun Cui, Anh Minh A.M.
Tang, Véronique Chaplain

» To cite this version:

K. Saffit-Hdadi, Pauline Défossez, Guy Richard, Yu-Jun Cui, Anh Minh A.M. Tang, et al.. A method
to predict the soil susceptibility to compaction of surface layers as a function of water content and bulk
density. Soil and Tillage Research, 2009, 105, pp.96-103. 10.1016/j.sti11.2009.05.012 . hal-00540878

HAL Id: hal-00540878
https://hal.science/hal-00540878
Submitted on 29 Nov 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00540878
https://hal.archives-ouvertes.fr

A method to predict the soil susceptibility to compction of surface layers as a function
of water content and bulk density

K. Saffih-Hdadi', P. Défossez G. Richard®, Y-J. Cui*, A-M. Tang” and V. Chaplair®

(1) and (2)* Corresponding author, Unité Agro-ImpddR1158, INRA, rue F. Christ, F-
02007 Laon / UMR614 FARE, INRA, rue F. Christ, Q2 Laon.

Phone:+33 (0)3 26 77 36 79

defossez@reims.inra.fr

(3) UR0272 Science du Sol, Centre de rechercheléabs, INRA, 2163 Avenue de la pomme
de pin, F-45166 Olivet.

(4) CERMES - Institut Navier, Ecole Nationale desitB et Chaussées, 6 et 8, avenue Blaise
Pascal, Cité Descartes, 77455 Marne La Vallée c&dex

(5)Unité PESSAC (Physico-chimie et Ecotoxicologie 8ols et d'Agrosystemes Contaminés),
INRA, RD 10 Route de St-Cyr, 78026 Versailles Cedex



Abstract

Identifying the wvulnerability of soils to compaatiodamage becomes an increasingly
important issue in the planning and execution ahfag operations. Soil compaction models
are efficient tools for predicting soil compactidue to agricultural field traffic. Most of these
models require the knowledge of the stress/stralationship, as well as the mechanical
parameters and their variation with different sphysical properties. Because the soill
compaction depends on its water content, bulk tieasid texture, a good understanding of
the relation between them is essential for defirsndable farming strategies according to
climatic changes. In this work we propose a newopedsfer function for 10 French
representative soils collected from cultivateddela vineyard and forests. We investigate the
relationship between soil mechanical properties eamily measurable soil properties as well
as water content and bulk density. Confined congsmwestests were performed on remoulded
soils of a large range of textures at differentiahibulk densities and water contents. The use
of remoulded samples allowed us examining a laeggge of initial conditions with low
variability of measurement. A good linear regressivas obtained between soil
precompression stress, compression index, initeewcontent, initial bulk density and soill
texture. The higher the clay content, the higher gbil capacity to bear higher stresses at
higher initial water content without reaching severompaction state. The initial water
content played an important role in clayey and Ipamuils. In contrast, for sandy soils, the
mechanical parameters were less dependent ofl iniiger content but more related to the
initial bulk density. These pedotransfer functiaare expected to hold for soils of surface
layers with tillage but further measurements oraghtsamples are needed to tests their
validity.
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Introduction

Soil compaction is one of the major problems foil stegradation in modern
agriculture and forestry. Machinery overuse hashbieend to be the main cause for soil
compaction. Due to its persistence, compactionhef dubsoil can be seen as a long-term
degradation but compaction concerns also surfa@rdaCompaction adversely affects soil
physical fertility, particularly storage and supmf/ water and nutrients, through decreasing
porosity, increasing soil strength and hence sedlistance to root penetration and plant
emergence, decreasing soil water infiltration aaldling capacity. These adverse effects also
reduce fertilization efficiency and crop yield, irase water logging, runoff and soil erosion
with undesirable environmental problems (SoanevamOuwerkerk, 1994). Thus, knowing
the changes in soil compaction with changes in maiatent and bulk density is essential in
planning farm operations at appropriate water austgArvidsson et al., 2003), or in
decreasing the soil bulk density by increasingsihieorganic matter through retention of crop
and pasture residues or appropriate soil tillagen{a and Anderson, 2005).

Recently, soil protection in respect to soil cootjmn has become an important
concern in Europe. Identifying the vulnerability dils to compaction damage becomes an
increasingly important issue both in the plannimgl &xecution of farming operations at a
field scale and in planning environmental protettioeasures at a largest scale. Numerous
studies have been undertaken to elaborate metHaisl @ompaction assessment. Horn and
Fleige (2003) and Horn et al. (2005) chose the@mgression stresgy) as an indicator of
soil resistance to compaction and applied, at vargxales ranging from farm to country and
continent level, the pedotransfer functions thdateethe precompression stress and soil
physical parameters. Jones et al., (2003) prop@sezassification method for subsoil
vulnerability to compaction based on available podperties as texture and bulk density and
on some soil moisture data at critical traffickitigne. This classification method, initially
developed for local field condition, was then exted to the scale of Europe.

At a large scale, modeling and spatialization aedpfil means to assess soill
vulnerability to compaction. The most readily asble spatial information about soils in
most countries is soil survey data and the cormedipg climatic data. It should be however
noted that most models (Bailey and Johnson, 19&843ez et al., 2003; Keller et al., 2006;
Larson et al.,, 1980; O'Sullivan and Robertson, 19861 den Akker, 2004) require the
knowledge of the stress/strain relationship, aralrtkariation with different soil physical
properties. The stress/strain relationship givesmslevant mechanical parameters that are the
precompression stresgpj and the compression inde€:f. The precompression stress is an
indicator of the soil's load support capacity; glepe of the virgin compression line, namely
compression index, represents an indicator ofsmteptibility to compaction. The confined
compression tests are usually used to determingetlseil mechanical parameters in a
laboratory. Because in agricultural fields the logdduration by vehicles is in general short
(0.5s), a short loading time of between 5 and 45 mi usually adopted in laboratory
oedometer tests. Different models have been dpedldo evaluate soil sensitivity to
compaction for decision making. Based on the prguession stress notion, one approach
consists in estimating the soil bearing capacitghwiespect to compaction; it allows
constructing a map of permissible machinery gropressure that soil can support without
permanent subsoil deformation. Horn et al. (2008) ®¥an den Akker (2004) applied this
approach for respectively, Netherland and Europsegond approach aims at evaluating the
intensity of compaction, i.e., the increase in sy bulk density. Obviously, this approach
needs the use of both precompression stress angression index, and is particularly
applicable for the surface layers where deformatisnally cannot be avoided but can be
reduced as the compaction intensity depends onygaland physical parameters (Canarache
et al., 2000; Défossez et al., 2003; Gupta anddrar$982; Imhoff et al., 2004; Kirby, 1991;



O'Sullivan et al., 1999; Salire et al., 1994; Snethal., 1997). This paper deals with this
second approach for which both precompressionsstiesl compression index, of surface
layers are required.

The variation of the precompression stress ancctimepression index with different
physical parameters has been widely studied. Itegbaical engineering, the compressibility
characteristics of a solil is usually correlatedhvdifferent geotechnical properties such as the
liquid limit, the plasticity index and the shrinl@adimit (Giasi et al., 2003; Sridharan and
Nagaraj, 2000). In agronomy and forestry, varioggressions were proposed to relate the
precompression stress or the compression indeurterous soil properties. More studies on
the relation between the precompression strgs¥ &nd soil physical properties can be found
in the literature as compared to studies on thatiogl between the compression ind€x)(
and soil physical properties. The most studied phisical properties are the texture, the
structure and the hydric state of soil. The texigrmaterialized by the soil clay, silt and sand
content (Gupta and Larson, 1982; Imhoff et al.,£0&bert and Horn, 1991; McBride, 1989;
Smith et al., 1997). The structure is commonlyrabgerized by the initial bulk density, but
also by more difficult measurable variables relatedthe soil internal structure at the
aggregate scale (Alexandrou and Earl, 1998; Caharat al., 2000; Imhoff et al., 2004;
Lebert and Horn, 1991; McBride, 1989; Ricknageblet 2007; Salire et al., 1994). The
hydric state is characterized by the initial watemtent (Alexandrou and Earl, 1998;
Canarache et al., 2000; Défossez et al., 2003; findtcal., 2004; Lebert and Horn, 1991;
McBride, 1989; Mosaddeghi et al., 2003; Mosaddeglal., 2006; O'Sullivan et al., 1999). In
most of these studies, mechanical tests are pesfbron intact samples that induce a large
variability of various soil properties. That canp&in the contradictory effects of texture,
water content and porosity on the mechanical ptmserobserved by numerous authors
(Arvidsson and Keller, 2004).

This paper considers a simplified description of s@chanical strength: the structure
via the bulk density, the hydraulic stress via Weder content and the mechanical stress via
the external stress. This point of view is drovediiie objective of compaction assessment
using accessible parameters. But it fails to dbscthe physical processes acting on soil
mechanical strength i.e. the interaction betweedrdwlic, mechanics and structure in
unsaturated soils. These interactions have beeregtand modeled for several decades using
the concept of effective stresse and the theorgritital-state for geotechnical application
(Fredlung and Rahardjo, 1993). Different authorgliag these concepts to analyze and model
the mechanics of cultivated soils (Richards, 1982jfsohn et al., 1996; Peng et al., 2004).
But these concepts can not describe satisfactoppiitant characteristics of cultivated soils
mechanics such as the effect of soil structureoammgy and the time dependent processes
(Peng and Horn, 2008).

The present work is based on the hypothesis thiatvater content and bulk density
are the main easily accessible parameters affetimgoil mechanical strength. Oedometer
tests were carried out on remolded soils of a lasgge of textures at different initial bulk
densities and water contents. The main objectiverarking on remolded samples was to
cover a large variation range for both initial watentent and initial bulk density. Ten French
representative soils taken from cultivated fielsjineyard and forests were considered. The
identified g, andC; were then correlated with initial soil water cariteinitial bulk density
and texture. A new and simple method of assesgiegch soil’s susceptibility to compaction
based on accessible parameters was finally proposed

2. Material and methods
2.1. Soil properties



The soils studied were taken in the top soil oticated fields, forests and vineyard
from ten sites in France. The sites vary in s@ktycarbon content, cultures and management
(Table.1). The soils varied significantly in tex@uthe clay content ranged from 31 to 683 g
kg': the sand content from 55 to 895 g'kand the organic carbon from 8.5 to 22 g k§he
soil’'s texture was classified according to FAO Gifsation System (FAO-UNESCO, 1974)
(Figure.1). The soil’'s physical properties wereedetined following the French Standard for
Geotechnical Engineering. The particle density determined using a water pycnometer on
soils passed through a 0.3 mm sieve; the Atterbergs (liquid limit, plastic limit) were
determined on soils passed through a 0.4 mm sieve.

Soil was sieved at 2-3 mm; the aggregates obtawverd saturated and then adjusted
to the same matric potential for 2 days. The stgdraggregates were placed in a hermetic
box on a plastic grid above a desiccant (silicagéNery 15 min, a portion of soil sample was
weighed, placed in a container and then immergegeinol for 12 hours. The soaked
aggregates were spread on filter paper to let expesrol run off. The volume of the
displaced petrol corresponds to the soil volumecifnede’s principle). The dry mass of
aggregates was determined after 24 hours of owanedat 105°C. The density of aggregates
was then calculated based on the dry mass and dgheng of aggregates previously
determined. Five replicates was done per soil.

We measured the relationship between matric paletitand gravimetric water contentin
the laboratory with Richard’s press method (Klui&86) on small aggregates. Two
aggregates distributions were used: 2-3.15 mm d@&maad < 2 mm diameter.

2.2. Soil compression tests

Oedometer tests were performed on soil to measwehamical parameters as
described with full details in Défossez et al. (2DQAIl compression tests were made on
remolded samples that were air dried and sievedigr a 2-mm mesh.

A large sample (1 kg) of air dried soil <2 mm weastted by spray with distilled water
to achieve the desired water content and then stbitka hermetically-sealed box for 24 h to
ensure uniform water distribution in the soil. Téhesired water content corresponded to the
different initial gravimetric water content. Theitial gravimetric water contents; was
chosen such as they ranged between saturation atidgwpoint for each soils and
corresponded to the matric potentigk-100, -33 and -5 kPa as measured by the water
retention curve of each soill.

Afterwards, each samples were prepared by compaatimaction of large sample at
initial water contentv; using a manual press at different initial bulk slees (1.1, 1.3 and
1.45 Mg m®). The compaction took place directly in the oedtemeell which is 24-mm high
and 70 mm in diameter under drained conditions seddiy two porous plates. Loading was
performed in steps: 15, 25, 50, 100, 200, 300 &tka. Each load was applied for 5 min
with a subsequent relaxation of 2 min without logdiVertical displacement was recorded.
The gravimetric soil water content was measuredreetompression whereas the bulk
density was later calculated based on the final pgandimension and the recorded
displacement. Each compression test was perfornitbcthvee replications at the same initial
conditions.

The void ratioe was calculated based on soil bulk density andgbardensity. Based
on these values, the compression curve was dramgafth sample. This curve represents the
relationship between the logarithm of the appliegspures and void ratice. The mechanical
parameters (precompression stress and compregsil@x)i were estimated following the
French Standard of the compressibility t€s§:is the slope of the virgin compression line
(VCL) and g;, is the intercept of the VCL and a regression whih first two or three points of



the curve (all points before the point of the maximcurvature). This method (Figure 2) was
also used by Dias Junior and Pierce (1995) anddasan and Keller (2004).

The influence of initial water content and initiaulk density onC; and g, was
quantified by multiple regression analysis usingtSb software. The variability criterion is
the squares regressidn only the values smaller than thé¢hreshold by 5% were considered.

3. Results
3.1. Shapes of compression curves

The compression curves of three soils of diffeterture (very fine, medium fine and
coarse texture) are presented in Figure 3. Almibsh@ compression curves have a common
shape: an elastic part followed by a platic coragien part (virgin compression line). The
variability between the replicates was low exceptdamples with low bulk densities (results
are not shown). For some sites, the compressioreswith low bulk densities (1.1) do not
show the elastic part due to the high porosityhef $oils. Rao and Revanasiddappa (2003)
showed that the low density soils in general prekayh susceptibility to collapse.

At the same initial water content, the higher thigial bulk density the lower is the
soil deformation or susceptibility to compactionigiifte 3). This is consistent with the
suggestions by Paz and Guérif (2000), Culley anddra (1987), Lebert and Horn (1991),
Veenhof and McBride (1996), Canarache (2000) arabfirel al. (2004). In contrast, at the
same initial bulk density, the higher the water teah the higher the soil deformation or
susceptibility to compaction (Figure 3). This isagreement with the observation of Alonso
et al. (1990).

The soil mechanical parametefs and g, were determined from the compression
curves. ¢, values ranged between 15 and 222 kPa. Considdratgntachinery in France
agriculture and forestry usually exerts a groundspure ranging from 30 kPa for sowing
preparation to 250 kPa for grape transport (T. Gaed al;, 2006) , the identified values
reflect well the stress history underwent by defarsoils. In the conducted tests, this history
was created by initial compaction for sample prafjan. TheC. values were comprised
between 0.1 and 0.9. They were generally greatesdits with high clay content, illustrating
the higher compressibility of such soils. Similasults were reported by Gupta (1982), Lebert
and Horn (1991), McBride (1989), Smith et al. (199mhoff et al. (2004) and Gregory et al.
(2006).

3.2. Effects of initial water content and initiallk density on €and g,

Figures 4 and 5 present the soil mechanical pasasf€; and g, versus water content and
bulk density for three soil textures, a very firlemedium fine and a coarse textu€g.
decreases when initial soil water content andahitulk density increase. As far, @ is
concerned,t increases with increasing initial bulk densityt decreases with increasing
initial water content.

The relative importance of initial soil water comteinitial bulk density on the
compression index and on the precompression sivassdetermined by multiple regression
analysis and the results are shown in Table 2.gBEmeral expression is as follows:

Y =a+ b + c*w; Eq.1
where Y is eitheC. or gy, g is the initial bulk density and; the initial water contenC; and
o, are highly correlated with water content and kigksity. The defined expression explains
in average 94% and 90% of the variability of théadar C. and g, respectively. For all the
soils, the p value was < 0.05, except for “Breudbr this soil with a coarse texture, there was
no correlation between water content &har g,. For “Les closeaux” which is a sandy loam,
there was no significant correlation betwegmnd water content.



3.3 Soil texture effects

A regression analysis was performed between théhamécal parameter§; and oy,
and initial soil water content and initial bulk sy for each soil texture class (Table 3). The
results show that the correlations established watisfactory. The model explains in average
84% and 74% of the variability of the data 8¢ and g,, respectively. For all the texture
classes, the p value was less than 0.05, exceghéomedium class for which the "water
content” variable was removed from the relationdhgtweenag,, water content and bulk
density. For the relation betwe€&gand soil bulk density and water content, a greatictor
(for bulk density) was obtained for the very fimxture class. This class includes soils with
high clay content. This confirms the effect of stakture onC; as found above for the
correlations for each soil (Table Z)he c factor (for water content) was also the lsirder
this class. For the relation betwegnand initial water content and initial bulk densitywas
observed that the effect of initial bulk densitysnaore pronounced compared to that of the
initial water contentWe examined classification of soils according tansiards used for
geotechnical application; numerous correlationsehbeen proposed for the compression
index (Sridharan and Nagaraj, 2000). We performeggeession analysis for the mechanical
parameterC. and gp, and initial soil water content and initial bulk ity based on the
Cassagrande diagram that uses the Atterberg I{ifetisle 1). The quality of correlations was
significantly lower than those obtain using thette& classes (data not shown).

4. Discussion

The set of correlations proposed in this paperlforFrench soils (Table 2 and 3)
exhibited features with soil texture, initial wateamtent and initial bulk density. A qualitative
and quantitative comparison with data of literatisranportant to examine their validity and
their innovative characteristics.

Both parameter€. and g, were found to be significantly correlated withtial soil
water content. The precompression stigssvas negatively correlated with initial soil water
content. A significant negative correlation waatbserved by Alexandrou and Earl (1998),
Defossez et al. (2003), Imhoff et al. (2004) andsktldeghi et al. (2006). For some soils
with a coarse texture, no clear relation has beend: correlation with initial water content
was not significant. The same results were repobgedilexandrou and Earl (1998); they
found a good correlation between the precompressti@ss and the initial water content for
clayed soils but not for sandy soils. Similarly,beet and Horn (1991) reported that there is
no correlation between the saturated hydraulic gotindity and the precompression stress for
sandy soils.

The compression inde€. was negatively correlated with initial soil watssntent.
This is in agreement with the results reported byarfy (1997), Sanchez and Giron et al.
(2001) and Deéfossez et al. (2003), but in disagesgmwith the results of Larson (1980),
O’sullivan (1992), Smith (1997), Arvidsson and kell(2004), Imhoff et al. (2004) and
Mosaddeghi et al. (2006). Note that the higherdlag content the stronger is the correlation
with the initial soil water content; the higher tbiay content the higher the soil capacity to
bear higher stresses at higher water content.

C. and g, were found to be significantly correlated withtial soil bulk density. The
precompression stresg, was positively correlated with initial soil bulkedsity and
negatively correlated with initial soil water conte The values of b estimated far,
regressions ranged between 114 and 508. Similattsesere reported by various authors
(Alexandrou and Earl, 1998; Canarache et al., 2000pff et al., 2004; Lebert and Horn,
1991; McBride, 1989; Rucknagel et al., 2007): didavaried from 374 to 460.



The compression inde&. was negatively correlated with initial soil bullertsity. A
imilar observation was made by McBride (1989), i®adit al. (1994) and Imhoff et al. (2004).
The values of b factor for the ten soils rangedveen -0.42 and -1.59. These values were
similar to that estimated by Salire et al. (1994).444), but larger than that obtained by
Imhoff et al. (2004) (-0.121). This can be explair®iefly by the differences in compaction
procedure applied by the authors.

It has been found that the higher the clay contina,greater the factor "b" for the
compression indef.. To confirm that, a correlation between "b" fastéwor C. obtained for
the ten soils and their clay contents (CC) wasbéisteed at a constant matric potential
(33kPa) . The model obtained was:

b=-13.41+47.62 CC with %= 68%

This result suggests that there is a significamtetation between "b" factor and the clay
content. Some authors showed a good correlationeesiC. and the clay content (Gregory et
al., 2006; Gupta and Larson, 1982; Imhoff et abl0£ Lebert and Horn, 1991; McBride,
1989; Smith et al., 1997). Nevertheless, the pteserk has not show any significant global
correlation between th@; and the clay content (CC) when all specimens wensidered.

A clear effect of initial soil water content, iratidry bulk density and soil texture on
Cc and g, was evidenced. This can be explained by remoltiedtare of the samples. As a
large range of water content and bulk density wa®anted for in the tests conducted, the
elaborated correlations have a quite large validdgnain. In contrast, most mechanical tests
reported in literature were performed on intact gi&s Working on intact sample is essential
but this would limit the range of measurement \liy. In addition, soil sampling in the
field may also induce sample disturbance, affecthog mechanical properties such as
precompression stress. This could explain the adidiory effects of texture, water content
and porosity observed by numerous authors (Canaratlal., 2000; Arvidsson and Keller,
2004; Mosaddeghi et al., 2006). The correlationgppsed in this paper are expected to
predict the mechanical properties of soil surfaggets especially in conventional tillage
system. But further measurement on intact soilcttne are needed to tests their robustness.
In particular, our approach on remoulded samplageces structural effects such as age
hardening (Dexter et al., 1988) and anisotropiemructure effects (Peng and Horn, 2008),
such structural processes can change significahdymechanical properties of cultivated
soils.

The present work describes the solil structure tinats dry bulk density because it is easy
accessible parameters. But different authors atietnio relate the macroscopic mechanical
behavior of soils to their structure at the aggregaale. Several authors proposed relations
between the compression stress and respectivelyrgzempression index and other variables
related to the soil internal structure: the sahesion and the angle of internal friction
(Lebert and Horn, 1991), the aggregate density KRaigel et al., 2007) and the diameter of
structural aggregates (Canarache et al., 2000fo&sd by Rucknagel et al. (2007), a high
correlation has been found in the present work eetwb factors the aggregate densities AD
(measured in laboratory, see table 1.). The mdokalimed was:

b=-1.22+1.16 AD with = 79%
This observation suggests that the obtained reagite with the model introducing AD as a
soil structure parameter. The correlation factdy ¢btained here is higher compared to that
obtained for the relation between the b factor tredclay content (cited above). This is an
important result since it clearly identifies thectfars that determine at aggregate scale the
macroscopic soil strength. Nevertheless, for oup@se of compaction assessment, the soil
texture is more relevant because it is easily nrehsel

This paper illustrates that soil’'s deformabilitype@eds on the initial water content, the
initial bulk density and the nature of soil interstructure. The understanding of the physical



process in play would require examining more chpgbe interaction between soil suction,
effective stresses and porosity in the frameworkthed mechanics of unsaturated soils
(Fredlung and Rahardjo, 1993). The effect of ihgi@il water content on the precompression
pressure could be understood in terms of air angmnteansfers as shown by Peng et al.
(2004). For instance, our paper shows that theainWwater content almost affects the
precompression pressure of clay soils but not saody. This illustrates the role of hydraulic
properties (retention, hydraulic conductivity) amilsnechanical response as investigated by
numerous authors (Fredlung and Rahardjo, 1993). cbhbmsideration of these processes is
important to understand the physical process aaiigmechanical strength but they require
laborious measurements of the soil air permeabiiity soil saturated hydraulic conductivity
and the pore structure (Peng and Horn, 2008). Fwaetical point of view, an indication of
the compression index and the precompression spesdicted from only easily measurable
soil properties, can provide a useful measure efnttechanical state of soils for use in the
management and planning of agricultural systems.

5. Conclusions

This paper proposes a correlation method to preédetsoil’s sensitivity to compaction for
French soils based on the precompression stggpsutd the compression inde&f by using
pedotransfer functions. Correlations were estabtistor five classes of soil textures, taking
into account the physical state of the soil at Wwhge its water content and its dry bulk
density. The soils investigated in this work cover a widega of soil textures and come from
different parts of France, thus representing aelapgoportion of French arable soils.
Therefore, the correlations established accourfon@ large variability in soil moisture and
porosity form an important database for assessiagstisceptibility of different French soill
types to compaction. This would enable predictioihsompression index and precompression
stress to be made from readily estimated soil ptigse without the need to carry out
compaction tests which are both laborious and ttoresumingNevertheless, in spite of their
limitations these correlations established on rel@wIsamples present a useful starting point.
Further measurements are needed on intact specisaemsled at different dates depending
on tillage operations and climate conditions (cyab¢ frozen, humectation-desiccation) that
affects the soil structure of soil surface layarsconfirm the correlations proposed in this
paper.

These correlations combined with a model of somhpaction constitute an efficient tool for
recommendation of soil conditions at wheeling agdigment in order to avoid excessive
compaction in soil surface layers for sustainahlellise in France.
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Tables
Table 1. Soil Physical and mechanical propertieh®fexperimental sites

Table 2. Relationship between the compression iidend the precompression stregs
and initial water content and bulk density for the studied soils.

Table 3. Relationship between the compression iidend the precompression stregs
and initial water content and bulk density for tive texture classes.

Figures
Fig.1. Soil texture at the different sites in th&d-classification scheme

Fig. 2 Determination of mechanical parametersctirapression inde&. is the slope of the
virgin compression line (VCL) and the precompressicessurey, is the intercept of the
VCL and a regression with the first two or threeefs of the curve.

Fig. 3. Compression curves for three representétixteire classes soils: a medium fine
texture (Mons), a medium texture (Les carrés) andaase texture (Rivaulde). Compression
tests were performed at three initial bulk dengityl.1, 1.3, 1.45 Mg M and three matric
potentials: -100, -33 and -5 kPa correspondingeeiely tow; = 18, 21, 27 % g §for
“Mons”, w; = 13, 15, 17 % g Yfor “Les carrés” andy; = 5, 7, 12 g g for “Rivaulde”. Each
curve represents a single test.

Fig. 4. Compression inde3; as a function of initial water contemtand initial bulk density
p for three representative soils: Mons with a medfuma texture, Epernay with a very fine
texture and Rivaulde with a coarse texture. Intizlk density wag =1.1, 1.3, 1.45 Mg i

and the initial water contem was respectively 18, 21, 27 % g fpr “Mons”, 13, 15, 17 %
g g* for “Les carrés” and 5, 7, 12 ¢ épr “Rivaulde”. Each point represents a single.test

Fig. 5. Precompression stress as a function oéimiater content and initial bulk density for
three representative soils (Mons, Epernay, Rivguitee initial bulk density wag =1.1, 1.3,
1.45 Mg m® and the initial water contemt was respectively 18, 21, 27 % d fpr “Mons”,

13, 15, 17 % g §for “Les carrés” and 5, 7, 12 ¢ pr “Rivaulde”. For some high initial
water content and low initial bulk density, it wiagpossible to determine the precompression
pressure. Each point represents a single test.
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Site Depth  Culture Partical size distribution Organic Carbon Aggregate density i¢tardensity LL? PL
Clay Silt Sand

cm gkg® gkg' gkg® gkg? Mg m° Mg m’® % %
Epernay 0-30  Vineyard 683 194 123 16.8 1.88 2.52 49 29 20
Fréville 10-25  Arable 641 152 206 16.0 1.92 2,51 64 40 24
Avignon 0-30 Arable 353 476 171 10.2 1.81 2.60 31 20 11
Mons 0-30 Arable 158 787 55 8.5 171 2.55 29 23 6
Boigneville 0-30 Arable 208 689 104 11.3 1.52 2.53 30 21 9
Nancy 10-30 Forest 258 581 161 11.9 1.58 2.59 38 25 13
Les Closeaux  0-30 Arable 147 613 240 111 1.75 2.55 29 22 7
Les carrés 0-25 Arable 185 446 369 10.7 1.75 2.58 23 17 6
Breuil 10-30 Forest 141 193 666 22.0 1.61 2.44 62 44 18
Rivaulde 2-18 Arable 31 74 895 12.7 - 2.56 20 - -

Table 1. Soil Physical and mechanical propertieh®fexperimental sites (a Liquid limit, b

Plastic limit and c Plasticity index).
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Soil Regression r

Epernay Cc=2.87 - 1.59% - 0.019*wy 0,98
Op= 8.08 + 116.54p; - 2.99*w; 0,82
Frévile Cc=2.07 - 1.015; - 0.014*w 0,97
Op= -16.72 + 113.750i - 2.18*w; 0,96
Avignon Cc=1.85-0.91gi - 0.012*w 0,98
Op= 4.19 + 202.54p; - 10.92*w 0,95
Mons Cc=1.24 - 0.52% - 0.009*w 0,89
Op=-206.27 + 316.463; - 6.70*w; 0,81
Boignevile  Cc=1.54 - 0.6 - 0.013*w 0,79
Op= -421.23 + 507.765; - 9.14*w, 0,79
Nancy Cc=1.61- 0.8 - 0.007*w 0,97
Op= -262.33 + 439.4(5; - 8.39*w, 0,97
Les Closeaux Cc=1.01 - 0.43*- 0.008*w 0,98
Op= -158.48 + 135.0Q3; + 0.75*w 0,97
Les carrés Cc=1.11 - 0.4@%- 0.010*w 0,96
0p= -87.35 + 139.623; - 2.78*w 0,94
Breuil Cc=1.36 - 0.953; - 0.004*w 0,96

Op= -223.85 + 229.47; + 1.09*w 0,82

Rivaulde Cc=1.27 - 0.66% - 0.011*w 0,93
Op= -242.08 + 242.89 - 4.08*w; 0,98

Table 2. Relationship between the compression iideand the precompression stregs

and initial water content and bulk density for tee studied soils.
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Soil texture classes Regression r

Very fine (2 soils) Cc=2.37 - 1.187- 0.017*wy 0.95
0,= 7.71 + 112.215 - 2.82*w 0.88
Fine (1 soil) Cc=1.85-0.9pF- 0.012*wy 0.98
0,= 4.19 + 202.54p; - 10.92*w 0.95
Medium fine (2 soils) Cc= 1.36 - 0.58*- 0.010*wy 0.78
0p=-223.71 + 347.473; - 7.93*W 0.76
Medium (3 soils) Cc=1.27 - 0.6@*- 0.006*w 0.74
0,=-136.87 + 155.195 0.5
Coarse (2 soils) Cc=1.36 - 0.f¥* 0.005*wy 0.87

0,=-220.68 + 191.4%93 + 2.77*wy 0.57

Table 3. Relationship between the compression iieand the precompression stregs

and initial water content and bulk density for tive texture classes.
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Figure 4. Compression index as a function of ihwiater content and initial bulk density for
three representative soils: Mons with a medium fexg¢ure, Epernay with a very fine texture
and Rivaulde with a coarse texture.
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