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Background and Obijectives: Rheological characteristics of soils
(including their deformation and flow behaviors when subjected to external
stress) can provide important information on microstructural and
microaggregate stability. One of the newest methods of assessing the
stability of aggregates is the use of rheometric discussions in this regard. In
other words, rheometry can be used to evaluate the elastic behavior of soil
versus its plastic behavior in a range of aggregate deformation and thus a
more quantitative interpretation of aggregate formation or stability against
stress. In the last decade, Amplitude sweep test (AST) has been used to
evaluate the stability of soil microstructure and its elastic behaviors. The
present study was designed to determine the aggregate stability and
viscoelastic behavior of the soil using the rheometric method. In the
present study, physical, chemical, clay mineralogical properties and
classification of dominant soil orders in Chaharmahal-va-Bakhtiari
Province were studied and compared in order to determine the stability of
aggregates and viscoelastic behavior of soils using the rheometric method.

Materials and Methods: Five different soil orders were described and
sampled in Shahrekord, Farsan, and Koohrang cities. After air-drying and
sieving of soil samples taken from the genetic horizons, the physical and
chemical properties were measured using standard methods. Besides, the
type of clay minerals was determined by the X-ray diffraction method.
AST was used to quantify the initial rheological parameter values,
including the storage (G') and loss moduli (G"), deformation limit
(yL: when the material begins to irreversibly deform), deformation at flow
point (y£ when the material becomes viscous), loss factor (tan 6 = G"/ G')
and integral z (which summarizes the overall elasticity of the material) in
order to study microstructural stability and microaggregates of the five soil
orders. Finally, the correlation diagram was plotted among soil properties
and rheological parameters using R software. Besides, the soil was
classified based on the American Soil Taxonomy (2014) and WRB (2015).

Results: The studied pedons classified based on the American Soil
Taxonomy (2014) and WRB (2015) in five different soil orders and four
reference soil groups, including Entisol (Cryosol in WRB), Vertisol,
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Mollisol (Kastanozem in WRB), Alfisol, and Inceptisol (Calcisol in WRB).
Semi-quantitative analysis of clay minerals showed that the soils have
different clay minerals assemblage including kaolinite, vermiculite,
smectite, illite, chlorite, and quartz. The results of the AST indicated that
the deformation limit was significantly higher in subsoil horizons than
topsoil horizons and was also higher in the clayey soils compared to sandy
soils. The soils with “vertic soil properties” showed the high range of linear
viscoelastic region (LVE) that attributed to the samples with high elasticity
behavior. Soils with higher clay contents and further evolution showed
higher rheological parameters, implying that these soils had more rigid
microstructures incomparable with other soil orders which in turn,
indicated the higher microstructural and microaggregate stability. In
contrast, the horizon, which had high sand content and little soil
development, had the lowest values for all properties, thus indicating a lack
of micro-aggregate stability. Pearson correlation coefficient analyses
revealed that integral z was influenced by soil physicochemical properties,
and was higher in soils with the clay fraction dominated by expansive clay
minerals and higher cation exchange capacity.

Conclusion: Altogether, the rheological parameters indicated that
more developed soils had greater microstructural stability than their
less-developed counterparts. As a result, rheological measurements may be
useful for identifying the major factors that affect soil aggregation. In
addition, these parameters can be used as indicators to evaluate the relative
amount of soil evolution in future studies.
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6- Liquefaction

EVRU

(e sk b Sege 5SS Olpsa S

035 S50 Ol (S5 sl 1pa 5 of o3ll a
05 0,5 St sl iy (S5 S5k
S ey 5ol Jl s ST el
Stk il e Sl DLl eipa (Dls g e
OF o5l 015 b blijl 5o Sk Lyl o Sy Sk
3l CdS b (SO cosl b Gl
A 0D el DLl 5 Ol olS el il
S el 5 S eSS SbMas! (Bl
Lol 55 o oslinal 3G slras 5 sl 2 by
S osba Sb kS Slasl S Sl e g
55 6l ol pen ol eslinal gl St ks
Sy S Sl 4 Sl CM! S J-
Sl K Olpea Skt s Slae oo b osls 0L
Se (S Gz bi= gl ol Sl
ol Sl 5 OLlS ) las coiS
S S 5 kS S b () 34
Lo CldS 5 sliS ol elS e
5 Ol olS Cdl (S pie jsba 5wl s
Saarls fpond (pl Rl S o e ) Ol
CiS Sl o e gl S e 5 S
sl sl ol e STl
Gl semme (S Cod 5 S gla el
ol diph e ool A5 L5 AS gl
5 et (Kb Slosat oS s b el
Sllas b clize o 035 S 0805 (S5 4sm
Bl 0,568 Gblin b S5 5 ke il

1- Soil health
2- Soil quality



EXAIN a)h».fs NY D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

Copde lp Socds 5l e Olssa
O3 S 31O spd esliad St Suelys
dizen OF by a6 S (S35, ol
gl 6658 Oles o Jedoay Zom ol Olen oS
(e e et Sl (AT ulde
S, Sl s S e Sl e S Sl
ol A e S e O sl Sl 4 Sl
o S Sbt Bl Ol b pdieS
S8y s Sl caale Sl Ll
e By Sl Spa el il slasls
04 5VA0Y)

Sl Koo slalis, andllas (5l e, 3l Tl
LalsSb (olul 5 badsls L bl s Sk
Gl e (Y 5 YT el s el
JS o 55 55 Ll 5 e S (S5 55 slaesls
S 5 XS eslinud 5 Sl
L JEst 5 ol slasl b, S plastle 56
S35 bl el Sl edlea s L5
ot 5 Sk S i o 3 Ol e S
Vile s o sbobie s B Sm a5 dal,
3505 o3lizul

Sl a1 053, edlital sy L
S ol S ede s (SO5S S
5 ok ekl ol o sl iSes
O5SE ool oesdhe Wl S oLl 1 545,
Gk Sl L bbb lul lales s
seon S el s (S5, Slldlas
A S sl s s ol S
Gl LS S S Sleosest

d)su”".? _]pl,j)\ QMY‘M} )L\'-é) 3 dl;él}ﬂ)

8- Microstructure
9- Deformation
10- Meso scales

(0T okt 3)ly S5 4wl JS1g) ' 235 s
Sl b 08) 55 oLl (o, 5 StV S s
s Lo 5l S s, Ol gl e Slallas
Sl pide Exle o bl teag ax g oy S
B 1 A R PRy
S, Sk slajl; S S S ol 48 S
ol ol J5 - e Sl b SIS
ol s s ldm s dlge 4S) SIS bl 5 o
S (Rl Gl Vv ) S8 b
Ll S sl s Ghee s ol w3
S, bl Wl SeVSss sl
N R P R O P &
v ol (an 5 ) 515 Sy 5SS
Sl Ol IS L el T, i ces
S TIPS SR S VERP R e
5 SVl dieaS sy deses ks, S
Jdse & 5550 oslinad (dalr —ml) J5 -
bl il eds bl SO Suasl
WD s peSI BT Ve Lo (5SS
L Sess ol Sl pske opl gl S a5d s
e K3 Sleny 205 o eslind ' S5
Lol 58l (55315 & bt sl S 55
) Oy B L il B FS o
ol 0dd o 5 XS o My Sl (g5 eSS
(Vo)
A S KoV S Sl IS b

Lo 5 ol o Spd sl Sy 5 ol

1- Stress-strain
2- Viscoelastic
3- Sol-gel

4- Thixotropic
5- Rheopectic

6- Shear stress
7- Rheopexy



OiSon 3 5 ypls aebll ] o S 03, 754 Sl olgS (ot

9, 9 Sl

5> ks ailis an zandlas 5548 bl Slasiie
2 @l oS e 5 Ol (SSoass gl el
ok ol bl Gl ol 5 Joeesler Ol
TR T TN BVE SO C W Y PRECRE J g ST
S ehS a4 by adil 5 Gl3ar Sl
a5y oS cul S ow pﬁ[ Al e gble ol
oS35 wals Pl Fosl 5 sl S a S
5 0lesl 53 (S50 58 By S5 P2 5 ol
oS oS es 5 5 (P4 5 P3) FoS e

(O JK) @58 )5 asdlas 5550 (P5)

_u-iijj))-)"_ugiﬁ L;*:Sf oI Sl el
@LZ;ASJ;.«)@JJQ:M ] oJJS oalaul éﬂjjjjj)
5 osl) 4 Olede Gl WS Jobs
JJ:S 6“}55‘) AM}: DL Jl;— )L:ﬁ) JA:JL):ﬁ
S ¢ 45 o den AL Lde 55 SLE Sl
S5y el 5 eSS Sl b 5 Jeeler Okl
DL @Y\}&) )L?ﬁ) QJA\JA.: é:}b Oldles
Cel Ko G 3l AbS ol b SHS o
S Shs eop Sda b ol e S LS
Sluail 5 e Wl GE pland (S50
9 LAJLUJ L: 4.]4:\) L dL:M‘ k)'i‘ g_,..“.o J\;— dLAoJJ

s el 0T S35 sl S

addlan 590 Gble ol 5 Ul A SIS o St 51 (F ) i
Table 1. Some of the most important geographical and climatic information of the studied areas.
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Figure 1. a) Location of the studied soil profiles in Chaharmahal-va-Bakhtiari Province;
b) View of the excavated soil profiles.
(P1: Pedon 1, P2: Pedon 2, P3: Pedon 3, P4: Pedon 4, P5: Pedon 5)
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Figure 2. a) Representative results from an amplitude sweep test (AST) with controlled shear deformation.
a) G’ (storage modulus) and G” (loss modulus) versus deformation v, divided into 1) quasi-elastic stage, which
is defined by the linear viscoelastic (LVE) range, 2) transgression phase, bounded by the deformation limit (y_)

and flow point (y5), and 3) viscous phase. b) loss factor tan & (G"/ G') versus deformation y; when tan 6 > 1
the medium becomes vicious. Material stiffness is related to integral z (indicated by dashed line and calculated

by Equation [2])
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3- Controlled shear rate
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Figure 3. Rheometer and measuring system of parallel plates for an amplitude sweep test (AST)
with controlled shear deformation. The soil samples were prepared with the normal force (F)
from 14 N (starting) to 0 N (ending) and a gap between plates (i.e., sample thickness) of 4 mm.
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Figure 4. Evidence of perennial ice segregation on the surface of Pedon 1.

p“}? Lyl i 1 Sy a5 g LS sdaline
2l e oS WL e Sk T 531 (5,1080 ol 5
wUlge ) S Hs L s el - b g,
Cgmis St s ey olralr b 0BG i (glias
S Wsged Oy (YooT) Sogae 5 asls (60) 3505
SeadS 5le) L33yl ol s a0 S o1 381 5 o
dje 4 (Sisaas 5 St Gble 5o (S
b LSl Ll LSS S Gl ek il
() Wb Gble ool 52 wddS by
Slos5 (S35 Dosen 45l Ll S e dley
FoSE 3 sy Sls el o Flesesl s

VS8 ks sdalie gty ojlad

4- Pendant
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1- Slickensides
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Figure 5. Evidence for the slickenside in the Bss1 horizon of Pedon 2.
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Figure 7. Pendant secondary carbonates in the Bk2 horizon of Pedon 5.
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2- Cryogenic processes
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Table 3. Clay mineralogy of selected soil horizons of studied pedons.

EoS ol Sl s S SS
Pedon No. Horizon Clay minerals
L AC Kaolinite (D), Smectite (M), Vermiculite (M), lllite (M), Chlorite (M), Quartz (T)
C Kaolinite (D), Quartz (M), lllite (M), Chlorite (M), Smectite (T), Vermiculite(T)

Ap Smectite (D), Kaolinite (T), Vermiculite (T), lllite (T)
Bssl Smectite (D), Kaolinite (T), Quartz (T)

2
Bss2 Smectite (D), Kaolinite (T), Quartz (T)
C Smectite (D), Quartz (M), Kaolinite (T)
3 A Kaolinite (M), Smectite (M), Vermiculite (M), Quartz (M), Chlorite (T)

Btk2 Quartz (D), Kaolinite (M), Smectite (M), Vermiculite (T), Illite (T)

Ap Kaolinite (M), Smectite (M), Vermiculite (M), Chlorite (M), lllite (T), Quartz (T)
4 Btk2 Quartz (D), Kaolinite (M), Smectite (M), Vermiculite (M), Chlorite (M), lllite (T)
Bk Quartz (D), Kaolinite (M), Smectite (M), Vermiculite (T), Chlorite (T), Illite (T)

A Kaolinite (M), Smectite (M), Vermiculite (M), Chlorite (T), Quartz (T)
5 Bkl Kaolinite (D), Smectite (M), Vermiculite (M), Chlorite (T), Quartz (T)

Bk3 Kaolinite (D), Smectite (M), Quartz (T), Vermiculite (T), Chlorite (T)
D = Dominant (>25%); M = Moderate (10-25%); T = Trace (<10%)

1- Deformation
Yo
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Figure 8. Results of amplitude sweep test (AST) of the studied pedons.
(v: deformation, G': storage modulus, G": loss modulus)
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Figure 10. Pearson correlations among integral z and different studied soil properties.
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extractable iron and aluminum (Fe, and Al,), and bulk density (Bd)
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