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Article Info ABSTRACT

Article type: Background and Objectives: Forest road bed soils often exhibit
Full Length Research Paper  challenges such as high clay content, low bearing and shear strength, poor
compact ability, and susceptibility to subsidence. Consequently, stabilizing
and enhancing soil strength using additives has drawn considerable

Article history:

Received: 05.18.2025 attention from researchers and road engineers. Moreover, the utilization of
Revised: 08.25.2025 waste materials in soil stabilization has gained popularity due to its
Accepted: 09.20.2025 economic advantages.

Materials and Methods: The study was conducted in Series 1 of the

Keywords: Dr. Bahramnia’s Educational-Research Forest. Initially, five thrust points

Bioengineering,

Biological and containing fine-grained, swelling soil were prepared, and at least three
non-biological additives, samples (each weighing 50 kg) were collected from each point using a
CBR, simple random method. To evaluate the effectiveness of the additives, soil
Forest road, samples were mixed with varying proportions (0%, 1%, 3%, 5%, 10%,

Plasticity index 15%, and 20%) of straw and stubble, lime, and cement. Key geotechnical

properties, including compaction characteristics, Atterberg limits, and
compressive strength (CBR), were assessed for all samples. Compaction
properties (maximum dry density and optimum moisture content) were
determined via the Proctor test, Atterberg limits (liquid limit, plastic limit,
and plasticity index) were measured using the Casagrande and plastic wick
methods, and compressive strength (CBR) was evaluated with the
California bearing ratio test.

Results: Comparison of the average load-bearing capacity of treated soil
samples indicated a significant increase with the addition of lime, cement,
and straw. Furthermore, the plasticity index decreased considerably as
higher amounts of cement, lime, and straw were introduced. The lowest
plasticity index was achieved with 20% cement. In general, straw treatment
had no significant effect on improving the soil’s plasticity index compared
to the control, and the plasticity index under this treatment remained
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significantly higher than in samples treated with lime or cement. The
load-bearing capacity of soil treated with cement was significantly greater
than that of other treatments.

Conclusion: The findings confirm that both biological and non-biological
additives significantly enhance the mechanical strength of forest road bed
soil. These materials contribute notably to increased load-bearing capacity
and reduced clay index. Through proper management and application of
such bioengineering techniques, it is possible to lower forest road
maintenance costs and extend operational lifespan.
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Figure 1. Geographical location of the study area.
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Table 1. Standard load for piston penetration.

(I SLes (kg;b/wﬂb;ib/rjf}%s) Hlis (pf,L_S) ok (o dee) 358
Pressure (MPa) Pressure (kg/cm?) Burden (kg) Penetration (mm)
6.9 70 1366 2.5

10.3 105 2039 5
13 133 2572 7.5
16 163 3162 10
18 184 3562 12.5
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Figure 2. Proctor curves of the control sample and treated soil with 5% lime, 15% lime, 20% lime, 5% cement,

15% cement and 20% cement, 1% straw, 3% straw and 5% straw.
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Table 2. Analysis of variance of the effect Cement, lime and straw treatments on the soil CBR amount.

F lais MS) Sl o 1 Sile df) ssl51 a5 (SS) a1 ¢ yores e PR
F-value Mean squares Degree of freedom Sum of squares Dependent variable
a.Lj:C-:apé; e
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Corrected model
i I 2
11.1%%* 1110.9 1 1110.92 e
Width from the origin
o & o
311.66%%* 3.11 2 6.23 <
Type of treatment
les lade
40.6%%* 40.58 2 81.16 o
Treatment amount
.
55.11%%x 0.55 4 2.20 S
Interaction
Lo
0.01 18 0.18
Error
27 1200.70 &
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o 5
26 89.78 c &
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Table 3. Optimal moisture content and maximum dry density amount and group comparison of CBR of
treated samples.
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increase in control to treatment (%) (g/em”)
dals
0 2.55 1.54 20.0
Witness
Sal do s 0+ Sl
407 6.62 1.56 133 2o
Soil + 5% lime
Sal oy Vo + S
4.84 7.39 1.57 12.9 e
Soil + 15% lime
Sal doys Yo+ S
458 7.13 1.60 118 2
Soil +20% lime
Sow dsys 0 4 St
458 7.13 147 12.1 S A2 O
Soil + 5% cement
Mo dsys 10 + Sl
5.6 8.15 1.63 112 S deos 10
Soil + 15% cement
Moo dsys Yo+ Sl
6.62 9.17 1.76 12.9 S s T
Soil +20% cement
05 oSt dsys ) 4 Sl
1.02 3.57 1.25 16.7 AL Lo ¢
Soil + 1% straw
S fSLt dsys ¥4 Sl
153 4.08 1.26 17.4 ASLE Ao T
Soil +3% straw
S oSt dsys 04 S
2.04 4.59 1.28 16.5 S e 0

Soil + % straw

O Jle M s 5 obes e 5 5 M &S
el e doys 44 Oluebl gl s Wl
bl o (8 Jsd) 3 Sl pae S (PD (g e
S Get Gl M S 5 0]
) sl pldl boedd led gladsed
eld s G maSl bsldoles slad s
Sl sgmg b pae Dl dald dsel (S e

(& i)

b\

SLsSbs 5s s Cosb) Ol

S Byl Ssline LOT S5 Cand s hils
Coglie L5l o Ay S cosb,
330 GMELL WOl Sas Ol 5 Aien o
S sk esyl Ol Cosb,y i o By s
LS Ol 5 e il a4 Llx Cunss
o slas 5 dald ladipod O o sovte A 0
53 oS mSE 5 Olepe (Kol il slie U

J\b QL:..: w..:l.:)‘j MJ}L‘)‘ c}b g:,\_w‘ a.,\.ZA.s:\)\ d).,\;-



OlySKen 5 2UUET 1025/ v g § ja 9 huun 3 (S 339 33) i

S PI jasls oS 1Sl glayles 3 l,ls 4520 -8 Jyds

Table 4. Analysis of variance of the effect of lime, cement and straw treatments on soil PI amount.

F lais MS) Sl o 1 Silie df) ssl51 a5 (SS) a0 ¢ yores FEN PR
F-value Mean squares Degree of freedom Sum of squares Dependent variable
ol 5 J.M
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Error
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Table 5. Liquid limit and plastic limit amount and plasticity index of samples treated with lime, cement and straw.
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