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Figure 1. Location of the research area in Golestan province and Iran
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Figure 2. Soil grain size distribution curve of the studied clay
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Table 1. Atterberg limits of CH soil samples treated with different concentrations of xanthan, guar and beta-
glucan biopolymers
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Percentage "g‘M} (3259 Liquid Percentage ‘5’0 (259 Liquid
Change Pl?Stlclty plastic limit Change pl.aStICIty plastic limit
(%) (%)
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ol doy3 B Jlozol mhas (o o g Dglas 3929 caimslis (e G o Al By,
Different letters in a column indicate a significant difference at the 5% probability level.
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Table 2. Optimal moisture content and maximum dry density of CH soil samples treated with different
concentrations of biopolymers

59, VA d)ﬁu-“ obe; o9 6)5—‘«}“‘ obe;
Curing time 28 day Curing time 0 day
Sis oSl sl Susk) w1y Sl D)
. S Sis . Dosage yorbigm
S S (g/em3) s R et Loy @ ) Biopolymer
Percentage  maximum dry Optimal Percentage (g/ cm3) Optimal ' POLy
change densit moisture change maximum dry ~ moisture
e/n51 ;’ content density content
(g/em3) (%) (g/cm3) (%)
0.0 1.414 27.0 0.0 1.41° 27.0 0
+19.8 1.69° 28.9 +17.0 1.65° 32.1 0.1 il
+24.1 1.75° 273 +19.8 1.69 29.5 0.2 o
+28.4 1.812 25.4 +21.9 1.722 27.1 0.4 Xanthan
+19.8 1.69° 24.9 +16.3 1.64° 27.0 0.6
0.0 1.414 27.0 0.0 1.414 27.0 0
+6.4 1.50° 28.7 +2.8 1.45¢ 30.6 0.1 RLpis
+7.8 1.52¢ 26.7 +3.5 1.46° 26.3 0.2 Beta-
+19.8 1.69% 22.1 +8.5 1.53b 24.5 0.4 Glucan
+24.1 1.752 19.8 +14.9 1.62° 21.2 0.6
0.0 1.41° 27.0 0.0 1.41° 27.0 0
+6.4 1.50° 26.7 +2.1 1.44° 31.1 0.1 s
+11.3 1.572 30.0 +4.2 1.47° 30.0 0.2 ?
+12.0 1.582 26.9 +7.1 1.512 28.5 0.4 Guar
+15.6 1.63? 23.6 +12.8 1.592 24.2 0.6
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Different letters in a column indicate a significant difference at the 5% probability level.
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Table 3. Analysis of variance of the effect of type, concentration and treatment time on the value of soil CH

loading capacity
oo ghaw F Sl o 5Siles Slays gaes by Dy ke
Sig Mean Square Sum Squares df 3l Source
0.000 51.03 51.04 1479.93 29 Corrected Model sosizomas Jos
0.000 3.66 26640.05 26640.05 1 Intercept fows 5l 5 ,e
0.001 12.32 12.32 12.32 1 Curing time (5,41 Jos ,b;
0.000 107.17 107.17 214.34 2 Treatment type ,oibsw g5
0.000 220.84 220.84 883.35 4 Treatment dosage o s <l
0.474 0.89 0.89 3.57 4 Curing time x dosage ,e.l g cbile X olo;
0.825 0.19 0.19 0.39 2 Curing timex type ,edise g5 % ole;
0.000 45.63 45.63 365.01 8 Biopolymer typexdosage yo.l;socdalixggs
0.998 0.12 0.12 0.95 8 typexdosagextime o) xclaléx g5
1.000 60.00 60 Error W
28179.98 90 Total s
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Table 4. CBR loading capacity of CH soil samples treated with different concentrations of xanthan, guar and
beta-glucan biopolymers

]j:: e::;g Je 35 "_/\ s_)sUaﬁ ol ;;: e:;’gl i gs):iU-w ole; () cdale M%

change Curing time 28 day change Curing time 0 day Dosage (%) Biopolymer

0.0 12.59¢ 0.0 12.59¢ 0.0

+41.3 17.79° +34.8 16.97° 0.1

+87.8 23.65 +80.9 22.78* 0.2 ol
+112.1 26.71° +99.1 25.07° 0.4 Xanthan
+45.3 18.30° +36.4 17.17° 0.6

0.0 12.59° 0.0 12.59° 0.0

+12.5 14.17° +6.8 13.45° 0.1

+28.3 16.16° +19.8 15.09° 0.2 o5y
+54.6 19.47 +47.7 18.60° 0.4 Beta-glucan
+71.2 21.56° +62.3 20.44° 0.6

0.0 12.59° 0.0 12.59° 0.0

+6.0 13.35° +2.8 12.94° 0.1 s
+19.8 15.09° +11.7 14.07° 0.2 )5
+46.5 18.45* +43.3 18.04* 0.4 Guar
+68.0 21.15° +59.9 20.13° 0.6
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Different letters in a column indicate a significant difference at the 5% probability level.
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Table 5. Saturated CBR loading capacity of CH soil samples treated with the optimal concentration of xanthan
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Abstract

Introduction: Improving the mechanical properties of soil is an essential prerequisite for construction on
unstable soils. In this regard, selecting environmentally compatible materials for soil improvement is an essential
method for sustainable development, especially in natural resource development projects.

Materials and Methods: In this study, Following field classification of the soils along the proposed forest road
alignments of the second series of Dr. Bahramnia Forestry Plan, three 160-kg samples of highly plastic clay soil
(CH), one of the most problematic soil types for construction were collected randomly at regular intervals of 250
meters from a depth of 10-50 cm below the roadbed surface. Then, three types of bio-polymers including
xanthan gum, guar gum and beta-glucan were then added to the CH soils at concentrations of 0, 0.1, 0.2, 0.4, and
0.6% by weight. The samples were mixed with the biopolymers using an industrial mixer. The effect of these
biopolymers were evaluated immediately after mixing (day 0) and after a 28-day curing period. The measured
properties included the Atterberg limits (plastic limit and liquid limit), Proctor compaction characteristics,
particularly maximum dry density (MDD), and California Bearing Ratio (CBR). The liquid limit test was
performed using a Casagrande apparatus, the plastic limit test using a kneadability test and the CBR test using a
uniaxial device in the soil mechanics laboratory. Statistical analyses were performed in a factorial design with
three main factors including the type of biopolymer, the amount of biopolymer and the curing time as dependent
variables in SPSS software.

Results: The results showed that with increasing treatment concentration, the amount of pulp index decreased
significantly. for xanthan, the greatest decrease was observed after 28 days of treatment (22% decrease) and with
the addition of 0.4% xanthan to CH soil. for beta-glucan, the greatest decrease in pulp index was observed after
adding 0.6% beta-glucan and after 28 days (21.3% decrease). Guar also exhibited a decreasing trend in the
plasticity index as its concentration increased. . Analysis of variance revealed that biopolymer type,
concentration, and curing time had significant effects on the maximum dry density of the soil. The greatest
increases in MDD (28.4%) and CBR (112%) were observed after 28 days of curing with the addition of 0.4%
xanthan to the CH soil.. Thus, it can be seen that 0.4% xanthan is the most suitable treatment for strengthening
CH soil as a base for development projects in forest ecosystems.

Conclusion: Xanthan is an effective biopolymers for improving the engineering properties of CH soil as a base
for construction projects in forest ecosystems. This biopolymer fills the voids in the soil and also binds with fine
clay particles, thereby increasing the dry density of the soil. Thus, this biopolymer can be used in an optimal
amount and with economic considerations for patch stabilization of unstable forest road subgrades.
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