@J Journal of Wood and Forest Science and Technology ~© "Nt 1SSN:  2322:2077
Online ISSN: 2322-2786

Gorgan University of Agricultural
Sclences and Natural Resources

The effect of using stone powder in improving the mechanical
properties of forest roadbed

Aidin Parsakhoo™, Aiub Rezaee Motlagh?, Zohreh Gholamy?®

1. Corresponding Author, Associate Prof., Dept. of Forestry, Faculty of Forest Sciences, Gorgan University of Agricultural Sciences
and Natural Resources, Gorgan, Iran. E-mail: parsakhoo@gau.ac.ir

2. Ph.D. Graduated, Dept. of Forestry, Faculty of Forest Sciences, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran. E-mail: aiubrezaee@yahoo.com

3. Ph.D. Student, Dept. of Forestry, Faculty of Forest Sciences, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran. E-mail: ghlamyzhrh@gmail.com

Article Info ABSTRACT

Article type: Background and Objectives: Fine-grained soils often present challenges
Full Length Research Paper  such as low load-bearing capacity, limited shear resistance, compaction
difficulties, and settlement issues. Consequently, the stabilization of fine-
grained soils using additives has consistently garnered attention among
road construction engineers. Moreover, the utilization of waste materials
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Accepted: 10.09.2023 Within the scope of this study, granite stone powder, a byproduct generated
from stone-cutting workshops, was employed to stabilize fine-grained
soils.
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of granite stone powder in comparison to the dry soil. The processing time
for soil and stone was considered at 7, 28, and 90 days. Subsequently,
geotechnical properties, including grain size, Atterberg limits, and either
compressive strength or CBR, were examined. Granulation characteristics
were assessed using the sieve method, Atterberg limits were determined
using the Cassagrande and paste wick method, and compressive strength
was evaluated using the California loading test and ASTM standards.
These investigations were carried out in the soil mechanics laboratory of
Gorgan University of Agricultural Sciences and Natural Resources.

Results: The results revealed that the addition of stone powder led to an
increase in the contribution of the coarse soil fraction. Specifically, when
20% of stone powder was added and after 28 days, more than 60% of the
weight in each sample consisted of particles with a diameter greater than
0.1 mm. In terms of plastic limit, plasticity index, and load-bearing
capacity, there was no significant difference between the processing times
of 28 days and 90 days. However, these values differed significantly from
those recorded after 7 days of processing. The addition of rock powder to
the soil samples resulted in a reduction in the liquid limit and plasticity
index. With the inclusion of 20% stone powder, the soil samples
transitioned from a plastic state (plasticity index = 25) to a moderately
plastic state (plasticity index = 8). Furthermore, the highest value for CBR
(19%), indicating soil load-bearing capacity, was achieved when 20% of
rock powder was added.
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Conclusion: The research findings demonstrated that the inclusion of
travertine stone powder at a weight percentage of 20% and a processing
time of 28 days had the most significant positive impact on the mechanical
strength of low-plasticity clay soil. From a practical standpoint, this
optimal amount can be added to forest road soil, mixed thoroughly using
disking machinery to a depth of 20 cm, and subsequently compacted using
a roller. By following this procedure, waste stone powder can effectively
stabilize and repair areas prone to instability and settlement on forest roads.
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Table 1. Pavement condition according to different CBR values (22).
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Table 2. Analysis of variance for the effect of amount of stone powder and curing time on some mechanical
properties of soil.
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Table 3. Comparison of mechanical characteristics of soil samples treated with stone powder at different
curing times.

(Ao y3) &Mﬁﬁ Sldde

Amount of stone powder (%)

Gs) Gosl Jes Ol

Sk Sl olasia

Curing time (day) Soil mechanical properties
\D V0 \ e 0 Al () aals
328 357 447 452 51° 53° 7
i
27 32° 33" 40" 42 a4 28 o
Liquid limit
28" 31° 35" 39" 40° 48* 90
122 16 20° 23° 24° 27 7
10 13* 18 21 24° 28 G oo
Plastic index
6 0° 10 18*  20° 26° 90
13 11° 9 7 6° 5 7
13850 b b
2¢ 1t 1@ 9 7 4 28 S =2 B
California bearing ratio
23° 172 147 117 o 52 90

sl Xz y3 0 JL«»\CEM)J)\J@.U Sl s g e ka0l Ot 53 glite b



OySed g g3 bw,b il /e (6 K s 5 Clay o 31 oalisiuw! s

100
90
80
70
B
& o 60 3%
o
& 1 50 — %
5 3\‘ ....... 10%
g 240 —15%
o ----20%
30 °
- 0%
20
10 -
0
0001 00045 001 0045 0.1 0.45 1 45 6
(oo (oo} 43515 o3kl
(A) wn Aggregate size (mm)
100
90
80
70 -
g
” |
= 3 60 0%
>
g1 % -
o9 _—=5%
2 40
------- 10%
30 1 —15%
20 - =-=—==20%
10 -
0
0001 00045 001 0.045 0.1 045 1 4.5 6
(rozlee) aslaSTS o3k
®B)o Aggregate size (mm)
100 -
90
80
70
g 60
ﬁ 3‘ 0%
f3 50 3%
5 X
£ 9 —-%
a7 eeeeees 10%
30 —15%
20 - ———=20%
10
0
0.001 0.0045 0.01 0.045 0.1 0.45 1 45 6
(oplio) 4ilasTs o3kuil
©¢ Aggregate size (mm)

.}JJ\' (G)J}J)Y/\ (NTJ)Q)'JJV(J‘) ‘5)‘31‘}.@9 ‘5\.&0\#5‘,&)3‘%}.:&&&1&&‘5@)\@): S ‘5.\.'.!43‘5‘;'.91.'“—\ JSJ

Figure 1. Soil granulation curve in different treatments of stone powder amounts and curing times (a) 7 days,
(b) 28 days and (c) 90 days.
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Figure 2. Comparison of the flow rate of soil samples treated with different amounts of rock powder.
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Figure 3. Comparison of pasty index of soil samples treated with different amounts of rock powder.
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Figure 4. Comparison of loading capacity of soil samples treated with different amounts of rock powder.
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