’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 03 | Mar 2026

www.irjet.net

p-ISSN: 2395-0072

Experimental Investigation on the Use of Dimensioned Stone Waste as
a Strengthening Agent in Bituminous Road Construction

Manish Verma?l, Vivek Kumar?2

IManish Verma, Research Scholar, Department of Civil Engineering, Mewar University, Chittorgarh, Rajasthan
2SAssistant Professor, Department of Civil Engineering, Mewar University, Chittorgarh, Rajasthan

Abstract - The development of road infrastructure is widely
recognized as a key indicator of a nation’s socio-economic
progress. In developing countries, road networks play a vital
role in supporting economic activities and facilitating overall
development. However, the construction of flexible pavements
conventionally relies on natural resources such as aggregates,
soil materials, and bituminous binders, leading to the
continuous depletion of these finite resources. This growing
concern has created the need to identify sustainable and
alternative materials for pavement construction. In this
context, the present study investigates the potential use of
dimension stone waste, specifically Kota stone and marble
waste, in different layers of flexible pavement. Kota stone,
abundantly available in the Kota region, and marble,
extensively produced in the Kishangarh area, generate
significant quantities of waste during mining and processing
operations such as cutting, sawing, and polishing. The waste
generated from these processes is non-biodegradable and
poses serious environmental disposal challenges. The
experimental program primarily focused on the utilization of
these waste materials in Granular Sub-Base (GSB Grade I and
Grade 1I), Wet Mix Macadam (WMM), and Bituminous
Macadam (BM) layers of asphalt pavements. Marble and Kota
stone wastes were used as partial to full replacements for
conventional fine and coarse aggregates, while marble quarry
dust was used as filler material. The replacement levels were
varied from 20% to 100% at intervals of 20% in order to
evaluate their suitability in pavement applications. The
engineering performance of the substituted materials was
assessed through a series of standard laboratory tests
conducted in accordance with relevant Indian Standards and
the specifications recommended by the Ministry of Road
Transport and Highways (MoRTH). The study aims to evaluate
the feasibility of incorporating dimension stone waste in
pavement layers as a sustainable alternative to conventional
construction materials. The findings are expected to
contribute toward conservation of natural resources, effective
utilization of industrial waste, and the promotion of
environmentally sustainable road construction practices.

Key Words: Dimension stone waste; Kota stone; marble
waste; marble dust; granular sub-base; wet mix
macadam; bituminous macadam; Marshall stability;
California bearing ratio.

1. INTRODUCTION

Road construction increasingly faces the dual challenge of
sustaining material demand and reducing the environmental
burden associated with mining and industrial waste
disposal. Dimension stone industries in Rajasthan generate
large quantities of Kota stone waste, marble stone waste, and
marble dust, much of which is non-biodegradable and
commonly dumped near production areas. The source thesis
investigated whether these materials can function as
technically acceptable substitutes for conventional pavement
aggregates and filler in flexible pavements.

The study focused on three pavement layers: granular sub-
base (GSB Grade I and Grade II), wet mix macadam (WMM),
and bituminous macadam (BM). Replacement levels ranged
from 20% to 100% in 20% increments. The work is relevant
because it links waste reuse with conservation of natural
aggregates, reduced dumping pressure, and potentially
lower material costs in road construction.
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3. Materials & Method

Waste Kota stone, marble stone waste, marble dust, natural
aggregates, and VG-40 bitumen were used. Aggregate
gradations for GSB, WMM, and BM were prepared in
accordance with MoRTH recommendations. Compaction
behavior was assessed through the Modified Proctor test,
bearing resistance through the soaked CBR test, and
bituminous performance through Marshall mix design and
stability testing.

For GSB, the response variables were optimum moisture
content (OMC), maximum dry density (MDD), and soaked
CBR. For WMM, OMC and MDD were used to assess
compaction response under different replacement levels. For
BM, specimens were prepared at multiple binder contents to
determine optimum binder content (OBC), Marshall stability,
flow value, and Marshall quotient.

The thesis examined three substitution patterns in the
granular layers: (i) Kota stone waste + marble dust, (ii)
marble stone waste + marble dust, and (iii) combined Kota
stone waste + marble stone waste + marble dust. In BM,
marble stone waste and marble dust replaced conventional
aggregates/filler at 0%, 20%, 40%, 60%, 80%, and 100%
replacement.

4. Result & Discussion

4.1. Granular Sub-base (GSB)

Across both GSB gradations, OMC generally increased while
MDD and soaked CBR decreased as the replacement
percentage increased. Even so, the experimental results
remained above the minimum soaked CBR requirement over
a substantial part of the replacement range, indicating
practical potential for controlled substitution.

The thesis conclusions recommend approximate upper
practical replacement limits of about 70% for mixes with
Kota stone waste plus marble dust, about 60% for mixes
dominated by marble waste plus marble dust, and about 65%
for combined Kota stone waste + marble stone waste +
marble dust. These limits reflect the point beyond which CBR
loss becomes too pronounced for safe field adoption.
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Figure 1: Comparative OMC Value of GSB Grade-I with
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255 Table 1: GSB Grade-I Substitution Results
25 A
245 - Nat
| ural | MW oM M | Soa | Soa | Soa | Soa Min
Y g |Mat|+KS | "7 | D | ked | ked | ked | ked | oo
5 23] “leria| W D | CBR | CBR | CBR | CBR
a B ES+MD N (Per (Per
g 23 _ 1 | (Per (g | (Per | (Per | (Per | (Per
B VIS+MD 0. cent cent
225 - (S ISAMD (Per | cent ) /c | cent | cent | cent | cent )
22 i cent| ) | ) ) ) )
_ )
215 + —
21 Nat
0 20 a0 60 20 100 ural | MW oM M Min.
Percent of Replacement Mat +KS D
S. eria| W c D CBR
N 1 | (Per (Per ( I II III | Avg. | (Per
Figure 3: Comparative MDD Value of GSB Grade-1I with 0. (Per | cent cent /i cent
Various Waste cent| ) ) 0) )
55.00 )
) 2.5(52.4 | 53.953.253.2
50.00 \ 11| 100 0 6.3 2 3 8 2 1 30
45.00
\\;\\ 21 80 20 1635 |25 45.8 | 46.0 | 46.8 | 46.2 30
1 40.00 7 2 8 6
5 S T 2.4(43.7 | 444|439 | 44.0
o 3500 _\ D 3 60 40 64 9 8 8 2 6 30
3000 +— ‘-\_ KS+MS+MD
4| 40 | 60 |6az| % *20IHL] 4p 11T 30
20.00 2.4 39.8 | 40.7 | 40.6
. 2 a0 o o 100 51 20 80 | 6.58 5 41.2 8 - 2 30
Percent of Replacement
_ o 6| 0 | 100 67 |%3[383 378372377 30
Figure 4: GSB G-1 Soaked CBR Value Comparison with 8| 2 7

Various Waste

55.00

50.00 T

Table 2: GSB Grade-II Substitution with KS+MD Waste

45.00

-\?40.00

S 3500 =

30.00

25.00

20.00

40 60 80 100

Percent of Replacement

Figure 5: GSB Grade-II Soaked CBR Value Comparison with
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Table 3: GSB Grade-I Substitution with MS+MD Waste
M Mi
M S
n.
. GSB | + | O | MD
Natu mi IsNIM M M CB
N | Mate D | | m|Ave | R
S ral | MW+ OMC MD | Soa | Soa | Soa | Soa C o. | rial | D |(%]| (g/ Ve
* | Mate | KSW D |ked | ked | ked | ked % cc (
No (Perc B (%) | () ) %
rial | (Perc i (g/ | CBR | CBR | CBR | CBR R % 0
(Perc| ent) )| % | % | % | % ( ) )
ent) e
f 1 100 | O 622 2.5 1502 | 49.3 | 49.6 4%'7 30
ML 2| 0 |20|03 245|412 | 409 | 413|411 15,
Natu In 5 8 2 7
ral | MW+ MD ) 6.4 38.6 | 38.2 | 384 | 384
S. Mate | KSW OMC D Avg C 3 60 (40 8 2.41 8 3 4 5 30
No rial | (Perc (Perc e/ I II 11 B
Perc| ent) | ™9 | ¢o) R 4| 40 |60]%°|236| 358|321 3273555,
ent) ( 2 2 5 6
%
6.6 320|319 | 319 | 319
) 5 20 |80 - 2.32 2 3 8 8 30
2.552.4153.9|53.2|53.2
1] 100 0 6.2 2 3 8 2 1 30 6 0 100 668 2.24| 29.5 23'4 29.3 22'4 30
2 80 20 6.28 2:4 43.5(43.8 43.4\43.5 30
9 4 8
2.4 |40.8|40.2 |40.5|40.5
3] 60 40 | 6.43 6 8 3 8 6 30
2.4 37.0136.9|37.0
4 40 60 6.58 1 37.2 2 8 7 30
5 20 80 6.7 | 2.3|34.5|34.8|34.4|34.6|30
© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 2259




’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 03 | Mar 2026

www.irjet.net

p-ISSN: 2395-0072

Table 5: KS+MS+MD Waste Substitution in Grade-1 GSB
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Table 6: KS+MS+MD Waste Substitution CBR of GRADE-II
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4.2. Wet Mix Macadam (WMM)

WMM mixes displayed the same broad compaction trend
observed in GSB: OMC increased and MDD declined with
increasing replacement of natural materials by stone waste
and marble dust. The thesis interprets this as a consequence
of material texture, grading effects, and specific-gravity
differences between natural aggregates and waste-derived
particles.

Because the thesis primarily evaluated WMM through
compaction rather than direct strength testing, the
conclusions are more conservative. Recommended practical
limits are approximately 75% for Kota stone waste + marble
dust, 65% for marble stone waste + marble dust,and 70% for
the equal combined waste mixture.
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Figure 6: Comparison in OMC Values of WMM with
Different Waste
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Figure 9: Comparison in MDD Values of WMM with
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Table 7: Result of WMM Substitution with KS+MD Waste

Table 9: Result of WMM Substitution with KS+MS+MD
Waste

Natural | o visimp | oMc | MDD
S.No. Material (%) (%) (g/cc)
(%) (1] (1] g
Natural | Lo vicemp | omc | MDD
S.No. Material (%) (%) (g/cc)
(%) ° ° &
1 100 0+0 6.01 2.22
2 80 10+10 6.07 2.17
3 60 20420 6.09 2.14
4 40 30+30 6.13 2.125
5 20 40+40 6.17 | 2.085
6 0 50450 6.19 2.06

Natural Ro
S.No Material stone + OMC MDD
T (%) Mable (%) (g/cc)
- dust (%)
Kota
Natural 1 o ev | omc MDD
S.No. Material
(%) Mable (%) (g/cc)
0 dust (%)
1 100 0 6.01 2.22
2 80 20 6.06 2.18
3 60 40 6.08 2.15
4 40 60 6.11 2.13
5 20 80 6.15 2.11
6 0 100 6.17 2.08

Table 8: Results of WMM Substitution with MS+MD Waste

Natural e
S.No Material stone + OoMC MDD
o (%) Mable (%) (g/cc)
N dust (%)
Marble
SNo nl::::rrf:l stone+ | OMC MDD
T (%) Mable (%) (g/cc)
0 dust (%)
1 100 0 6.01 2.22
2 80 20 6.07 2.16
3 60 40 6.1 2.13
4 40 60 6.14 2.12

4.3. Bituminous Macadam (BM)

Marshall design results showed that OBC remained relatively
close to the control mix at moderate replacement levels, but
Marshall stability declined and flow increased as marble
stone waste and marble dust replacement became more
aggressive. This indicates that the mixes remain technically
usable up to an optimum range but progressively lose
stiffness and load-carrying capacity at higher substitution
percentages.

The thesis identifies an approximate feasible replacement
window of 60% to 65% in BM. Beyond this range, the
reduction in Marshall stability and the rise in flow make the
mix less suitable for satisfactory pavement performance.
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Figure 10: OBC Value for BM at Different % of Substitution
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Table 10: Marshall Mix Results at Different Substitution
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4.4. Engineering Implication

The findings support the use of dimension stone waste as a
partial substitute for conventional aggregates in pavement
construction, especially in regions where Kota stone and
marble waste are generated in large quantities. The most
promising role is partial replacement rather than complete
replacement, with performance-sensitive limits differing by
pavement layer.

From a resource and sustainability perspective, the study
demonstrates a route for converting a disposal problem into
a construction input. This is especially relevant for low-cost
or rural road projects where local sourcing can reduce
transport demand and improve the circularity of road-
building materials.

5. CONCLUSIONS

The present study was undertaken to examine the feasibility
of utilizing Kota stone waste, marble stone waste, and marble
dust as alternative materials in different layers of flexible
pavement construction. The investigation was carried out for
Granular Sub-Base (GSB), Wet Mix Macadam (WMM), and
Bituminous Macadam (BM) layers by replacing conventional
natural materials at different percentages and evaluating
their performance through standard laboratory tests. The
results of the experimental programme clearly indicate that
these waste materials possess potential for use in pavement
construction, though their suitability depends upon the layer
of application and the extent of replacement.

The use of such waste materials is significant not only from
the engineering point of view but also from the
environmental and economic perspectives. Rajasthan
generates large quantities of stone waste from marble and
Kota stone industries, and its proper utilization in road
construction can help reduce disposal problems, conserve
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natural aggregates, and promote sustainable development.
However, the test results also show that complete
replacement of conventional materials is not always
desirable, as excessive substitution may adversely affect the
engineering properties of pavement materials. The major
conclusions drawn from the present investigation are
discussed below.

The performance of waste materials in the Granular Sub-Base
layer was evaluated primarily through compaction and
soaked CBR tests. The results showed that the strength
characteristics of the GSB mixes were influenced by the
percentage of replacement of natural aggregate and stone
dust with Kota stone waste, marble stone waste, and marble
dust.

It was observed that the CBR values of both G-I and G-II
gradations decreased gradually with the increase in
replacement percentage of conventional materials by stone
waste. This indicates that although the waste materials can be
incorporated into the GSB layer, their excessive use reduces
the load-bearing capacity of the mix. When full replacement
was adopted, a severe reduction in CBR value was observed,
which clearly indicates that complete substitution is not
suitable for GSB applications.

In the case of mixes containing Kota stone waste and marble
stone waste, the results suggest that replacement may be
adopted up to about 70% without causing unacceptable
deterioration in performance. Beyond this percentage, the
reduction in CBR becomes substantial and the mix no longer
remains suitable for effective use in the Granular Sub-Base
layer.

Similarly, for mixes involving marble waste as the primary
replacement material, the CBR values showed a decreasing
trend with increasing replacement. The test results indicate
that the practical upper limit for marble waste replacement is
about 60%, as higher percentages result in a considerable
loss in strength.

For the combined use of marble waste, Kota stone waste, and
marble dust, the results were comparatively satisfactory up
to around 65% replacement. Beyond this level, the
engineering properties of the mix declined to an extent that
makes the material unsuitable for pavement use. Therefore, it
may be concluded that controlled use of these waste
materials in the GSB layer is possible, but only within
optimum replacement limits.

The suitability of waste materials in the Wet Mix Macadam
layer was studied mainly through the Modified Proctor
Compaction Test. The analysis of results shows that the
inclusion of Kota stone waste, marble stone waste, and
marble dust has a considerable effect on the compaction
characteristics of the WMM mixes.
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