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The scarcity of conventional natural materials and the jeopardized environment have 
been compelling the tendency towards evolution of new or alternate materials and 
resources to be incorporated in sustainable infrastructure development. The inclusion of 
such materials entails several secondary and tertiary materials. Indeed, there is a strong 
thrust to investigate the feasibility of locally available industrial waste materials to 
replace the conventional construction materials. In India, vast network of existing 
industries spread across length and breadth of the country and many more to come in the 
near future, are certainly going to generate millions of tonnes of variety of waste and by-
product materials. The pollution and disposal problems can be minimised to greater 
extent by properly utilising these materials in civil engineering applications. Several 
types of waste/by-product materials have already been investigated, assessed, and 
evaluated for utilization and practice in the field. In this paper, assessment of different 
waste materials produced by various industries was reviewed for ascertaining their 
suitability in the construction of rural roads, embankments, and subgrade layers. Physical, 
chemical and geotechnical properties of these waste materials have been critically 
evaluated for this purpose. From the results, it has been observed that most of the 
materials have potential to be selected as source materials for embankment and as a 
construction material in roads. Materials like steel furnace slag and zinc slag found to 
have their useful in partial replacement of aggregate for the construction of sub-base and 
base layers. 

KEYWORDS-Road materials, Industrial wastes, Waste utilisation, Geotechnical 
properties 
------------------------------------------------------------------------------------------------------------
I. Introduction 

Industrialisation is most essential for the development of any country and necessary for 
the society. The major ill effect of industrialisation is the generation of large volume of 
by-products or wastes, and these wastes cause an environmental pollution problem in the 
surrounding disposal area. The utilisation of industrial wastes in infrastructure is fantastic 
fascination with industrialised and developing countries for sustainable development. 
Extensive use of natural aggregates in construction projects has lead to drastic depleting 
these resources. Where aggregates have been in high demand, insufficient conventional 
materials and standardization of the environment concern causes to search for various 
substitutions, including that of industrial wastes. Industrial waste finds great potential in 
engineering applications when handled and utilized properly to the required standards. 
Such utilizations are commonly based on technical, economical, and ecological 
considerations. In India, vast network of industries can be found in numerous areas of the 
country and several of the new industries are under establishment stage, leading to 
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generation of variety of existing and new waste types in huge quantity. However, the 
existence of these materials always poses a serious problem to surrounding environment. 
Use of waste materials like copper slag, zinc slag, steel slag, jarosite, phospho-gypsum, 
red mud, foundry sand, and coal ash in road construction would certainly solve this 
problem to an extent and would definitely provide an alternative to conventional materials. 
Also, the limited use of these materials creates an enormous heap of waste dumps inside 
the plant premises which leads to environmental pollution. Al-Jabri et al. (2006) studied 
the effect of 5% replacement of Portland cement by copper slag in the concrete mix. 
Havanagi et al. (2012) studied the feasibility of copper slag in the construction of a road 
with or without stabilisation. Copper slag could be used as a replacement of fine aggregate 
in bituminous concrete [3]. Barna et al. (2004) studied the effect of partial substitution of 
sand with zinc slag in the road construction. 

 

Fig 1. Waste generation in India by various sources and a variety of industries (After 
Rajesh et al. 2015) 

Motz and Geiseler (2001) studies show that steel slag may be used as an aggregate for 
road construction and also steel slag may be used as a partial replacement of fine 
aggregate in the concrete [7]. Pond ash has been widely accepted as an embankment and 
structural fill material [8]. Presently, the utilisation of these waste materials is much more 
crucial and vital for India due to a large amount of production and having very limited 
application. Thus, a detailed review of physical, chemical and geotechnical properties of 
various waste types were carried out with a viewpoint to utilize them in embankment, 
subgrade, subbase, and road pavement. 

II. Physical and Geotechnical Characteristics of Wastes 

A. Red Mud (Bauxite Residue) 

Red mud is a residual waste generated during the extraction of alumina from bauxite by 
Buyer's process [9]. About 0.8-2.5 tonne of red mud is generated per tonne of alumina 
production. In India, it is estimated that more than 12 million tonnes of red mud are being 
generated per annum from several numbers of aluminium plants. Red mud is highly 
alkaline in nature with pH ranging from 10.5 to 13 because of excessive caustic soda 
(NaOH) content, which is added during the Bayer’s process. Usually, red mud is disposed 
of into encapsulating facilities in the form of slurry containing about 15 to 40% solids 
[10]. In the absence of adequate technology to the reuse of red mud is very minimal and 
its storage requires vast tracts of usable and fertile lands. The properties of red mud are 
given in Table 1. 
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Property Typical values 

Source of material 
Hindalco, 
Renukoot 

NALCO, 
Damanjodi 

Specific gravity 
2.85 - 
2.97 

2.85-3.05 

Plasticity Index 12-18 5-12 
Maximum Dry 
Density, MDD 
(kN/m3) 

 
NR 

12.6 – 16.8 

Optimum Moisture 
Content, OMC (%) 

NR 26-38 

% fractions 
Sand  
Silt 
Clay 

 
10-14 
43-57 
32-29 

 
2-10 
45-75 
22-35 

pH 9.3-10.2 10.2-11.5 
Activity, A c NR 0.15-0.22 
Classification 
(USCS) 

ML ML type 

TABLE 1. Physical and Geotechnical Properties of Indian Red Mud’s [11-13].   

NR- Not Reported 

Red mud mostly contains fine particles in the range from sand to silt size, the specific 
gravity of materials is very high due to its iron minerals. Interestingly, in the absence of 
either quartz or clay minerals, red mud exhibits compression and plastic behaviour similar 
to that of clay soils and frictional behaviour closer to sandy soils, and many of its 
geotechnical properties matches with the clayey tailings [14 - 15] which are advantageous. 
However, geotechnical properties like compaction, consolidation, shear strength, 
permeability, etc., are strongly influenced by chemical and mineralogical characteristics of 
the waste and source of bauxite [10]. 

i. Red mud as Road Base Material 

High-grade road base material using red mud from the sintering process is promising, 
that may lead to large-scale consumption of red mud. Qi 2005 constructed a 15 m wide 
and 4 km long highway using red mud as a base material in china. From the field testing, 
found that the red mud as a subgrade material is meeting the required strength and 
concluded that the red mud meets the strength requirements of the highway [17]. 

ii. Red Mud as an Embankment Material 

The Highway Engineering Laboratory of the Aristotle University of Thessaloniki 
studied a pilot project to utilise red mud in the construction of a road embankment. The 
embankment was designed 75m long, 3m high with a crown width of 8m and constructed 
in three sections. Section I consisting of natural soil and in red mud with partial in section 
II, the last section III is constructed with red mud in combination with 4% fly ash. The 
results of the investigation have demonstrated that the performance of the red mud as 
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embankment material is satisfying the requirements and also observed that no signs of 
rutting or disintegration appeared on the surface [18]. 

B. Fly Ash 

Fly ash is an industrial solid waste generated by thermal power plants where coal is 
used as fuel material, due to the need for the development, the production of fly ash is 
increasing rapidly. In India, more than 175 million tonnes of fly ash is being produced by 
the thermal power plants every year [5]. The accumulation of this waste presents 
considerable environmental effect and occupies an appreciable area of land, this can be 
minimised by utilising fly ash in construction such as embankments, road material, and 
structural fills. 

 

Fig 2. Typical cross-section of a fly ash road embankment 

 

In general, the fly ash conforming to the properties as listed in Table 2 is acceptable for 
construction of an embankment. 

Parameter Acceptable 
Range 

Specific Gravity 1.90 – 2.55 
Plasticity Non-Plastic 
MDD (kN/m3) 9.0 – 16.0 
OMC (%) 18-38 
Cohesion (kN/m2) Negligible-

Low 
Angle of Internal Friction (o) 300 - 400 
Permeability (cm/sec) 8x10-6 - 7x10-4 
% fraction 
Clay size 
Silt size 
Sand size  
Gravel size 

 
1 – 10 
8 – 85 
7 – 90 
0 – 10 

Coefficient of Uniformity 3.1 – 10.7 
Table 2. Typical Properties of Fly ash [9] 

B.I. Fly Ash as an Embankment Material 

Fly ash can be used in place of soil to construct road embankments. Typically in 
developed urban and industrial areas, natural borrow sources are scarce, and, as a result, 
borrow soil is very expensive. Environmental degradation caused due to the use of top 
soil for embankment construction is also very high. Fly ash can provide an economical 
and suitable alternative material to earth for construction of embankments. 
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The density of the fly ash is considerably lower than the density of many other soil 
types. So, unlike soils, fly ash with low MDD value should not be rejected for using it as 
a fill material. However, fly ash which is having a density of less than 9 kN/m3 is not 
considered for construction of embankment [19]. 

C. Steel Slag 

Steel making is a strategic requirement of the economy of developing nation. Many 
steel plants have been set up for the growth requirement in India. However, production of 
iron and steel is associated with the generation of waste materials like slag. In India, it is 
estimated that more than 10 million tonnes of steel slag is being generated per annum by 
existing steel plants [20]. The slag is a fairly complex mass that consists of a non-ferrous, 
non-hazardous, and cohesionless material [21].  Normally, production of one tonne of 
steel results in the generation of one tonne of solid waste [22]. 

S. 
No 

Parameters Values 
IRC and/or 
MoRTH 

Specifications 

1 
Specific 
Gravity 

2.71-
2.99 

- 

 
2 

 
Plasticity 
Index (%) 

 
Non 

Plastic 

PI < 6 for 
base/sub-
base, PI 

between 4 to 
10 for 

surfacing. 

3 
MDD 
(kN/m3) 

23-23.9 
> 15.1 and > 

17.2 
4 OMC (%) 7-9 - 

5 CBR (%) 20 

For sub-base 
a min CBR of 
20 for traffic 
upto 2 msa 
traffic, CBR 
10% good for 

sub-grade. 

6 
Impact 
Value (%) 

13.90 < 30% 

7 
Flakiness 
Index (%) 4.80 < 15% 

8 
Water 
Absorption 
(%) 

0.48- 1.72 < 2% 

9 
Soundness 
value (%) 

0.17- 1.66 < 12% 

10 
Los 
Angeles 
Abrasion 

14-34 < 40% 
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value (%) 

11 
Cohesion 
(kN/m2) 

0 - 

12 
Angle of 
Internal 
Friction (0) 

40 - 

 

Table 3. Typical Properties of Steel Slag [21-23] 

C.I. Steel slag as a Construction Material in road 

As per MoRTH Specifications, the fill material shall have Plasticity Index (PI) value 
less than 6% for base and base course, dry density shall not be less than 15.1 kN/m3 for 
use in the embankment and should not be less than 17.2 kN/m3 for use as subgrade soil 
[23]. Koranne and Bansode 2010 and Sinha et al. 2013 reported that the steel slag is non-
plastic in nature and the dry densities are greater than 23 kN/m3, it can be advantageous 
as a fill material in roads, and also, slag can be used as pavement material in a variety of 
forms. It can be used as a base or sub-base material either in bound or unbound condition. 
It meets all the requirements set by the MoRTH. As per IRC: 37–2001, thickness of 
pavement and cost of road construction can be reduced by using slag as pavement 
material [21]. It is evident that steel plant by-products, either directly or in suitable 
combination, can be used in embankments and sub-base or base course layer of a road. In 
order to verify the suitability of slag as an embankment material, Sinha et al. (2013) 
studied the stability analysis, slag–soil mixes, and proposed to use it as a core material. 
Whereas, the local soil is proposed to be used as a side cover to prevent the surface 
erosion of non-plastic slag. 

The results are summarised in Table 3. Considering the higher dry density and CBR of 
specifications, the steel slag may be tried in the construction of subbase layer. the other 
parameters such as impact value, flakiness index, water absorption, soundness value, and 
Los Angeles abrasion value of steel are well within the Specification of IRC and MoRTH 
as such studies were conducted by Mishra and Mishra (2015) and Sinha et al. (2013). 

D. Jarosite 

Jarosite is a waste material produced during extraction of zinc ore concentrate by 
hydrometallurgy operations. At present, the annual production of Jarosite is about 0.4 
million tonnes while its utilisation is negligible. The properties of jarosite are given in 
Table: 4. 

D.I. Jarosite as an Embankment Material 

The geotechnical characteristics of jarosite material viz., plasticity characteristics (PI = 
20%), dry density (γd= 15 kN/m3) and free swelling index (non-swelling). The density 
criteria of jarosite just satisfy the specifications (IRC SP: 20-2002). However, other 
geotechnical parameters were similar to conventional soil. Therefore, the material may be 
used for the construction of an embankment and can be used in rural road construction. 
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Parameter Values 
MDD (kN/m3) 15 
OMC (%) 28 
Cohesion (kN/m2) 0 
Compression index (Cc) 0.18 
Angle of internal friction 
(0) 

20 

Liquid Limit (%) 51 
Plastic Limit (%) 31 
Plasticity Index (%) 20 
CBR (%) 6 

Table 4. Typical Properties of Jarosite [24] 

E. Zinc Slag 
Zinc slag is a waste residue from the refining the zinc in the zinc-smelting plant by the 

dry or wet method. In India, zinc slag production is 0.5 million tonne per year. Due to not 
being used efficiently, it pollutes environment seriously and affects human health.  

Properties of zinc slag are presented in Table 5. Its properties indicate mostly gravel 
and sand size fraction. Thus, Zinc slag is a granular material with good frictional 
characteristics (φ=390) and better drainage ability. Further, slag is having a relatively 
lower density (MDD = 16.5kN/m3) compared to norm soils. It has high CBR (32-70%) 
and good permeability (3-4 x 10-4 m/s). As slag has very little amount of fines, it 
mobilises higher values of angle of internal friction with reinforcing materials. Zinc slag 
was tried as a replacement of fine aggregate in Bituminous Macadam [2]. Zinc slag being 
a granular material, it may be used as fill material with reinforcing materials in different 
reinforced soil structures and as subbase material in the construction of flexible 
pavements. It can also be used as subbase layer because it has high CBR. 

Parameters Values 
MDD (kN/m3) 16.5 
OMC (%) 12.2 
Cohesion (kN/m2) 5 
Angle of internal friction 
(0) 

39 

% fraction 
Fines 
Sand size  
Gravel size 

 
1 
51 
48 

Coefficient of Permeability 
(cm/sec) 

1.5 - 4x 10-
3 

CBR (%) 32-70 
Table 5. Typical Properties of Zinc slag [2, 25] 

F. Foundry Sand 

Foundry sand is a by-product of ferrous and nonferrous metal casting industry and the 
material consists of high amount of silica with uniform particle sizes of sand [26]. 
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Existing research shows that foundry sand can be effectively utilized in geotechnical 
construction because of having comparable properties similar to that of sand-bentonite 
mixtures. However, very limited information is available focusing on its usage as a 
resource material in base or sub base layers of highway pavements. Roadway 
applications provide an opportunity for high volume use of various industrial waste 
materials. Several research works suggest that the foundry sand can be utilized as a 
source material in road construction and as a structural fills [27-28]. 

Parameter Values 
% Fraction  
Sand 
Fine content 

 
76 
24 

MDD (kN/m3) 16-17.6 
OMC (%) 8-14 
Specific gravity 2.6-2.8 
Angle of internal 
friction (0) 

33-40 

Plasticity Index (%) Non-Plastic 
Permeability (cm/sec) 10-2 to 10-6 
CBR (%) 4-20 
Classification SM 

Table 6. Typical Properties of Foundry Sand [28] 

III. Compaction Characteristics of Industrial Wastes 

The compaction characteristics of waste materials collected from the literature were 
critically compared with those density values specified by IRC: 36-1970 and IRC: SP: 
20-2002. As such, IRC: 36-1970 code specifies the value of MDD in the range of 15.2 to 
20.8 kN/m3 and OMC in the range of 10 to 20% for ML type of soils. Similarly, IRC SP: 
20-2002 specifies MDD value of not less than 14.4 kN/m3, for a soil to be suitable for 
constructing an embankment or a road. As per MoRTH Specifications, dry density shall 
not be less than 15.1 kN/m3 for use in the embankment and shall not be less than 17.2 
kN/m3 for use as a subgrade material. Incidentally, the density values of jarosite, red 
mud, coal ash, and foundry waste obtained from the literature are found to lie just above 
the minimum density requirement with specifications of IRC: 36-1970, but almost all 
values are conforming to minimum density requirement specified by IRC SP: 20-2002. 
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N
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3 )
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        Compaction Curves of Industrial wastes
 Jerosite        Coal Ash          Steel Salg

 Foundry Sand        Zink slag   Red Mud 

 

Fig 3. Compaction characteristic curves of different waste materials 

Therefore, these materials can be utilised in the rural road construction without 
stabilisation and altering their engineering properties. However, the properties of slag 
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wastes (zinc, and steel) are higher than the MoRTH specifications. These materials are 
suitable even to use them in sub-base or base course layer of a road. For the general 
understanding purpose, all the compaction curves of different waste materials were 
depicted in Fig: 3. 

Material 
type 

Reference 
wopt 
(%) 

γdmax 
(kN/m3) 

Jarosite [25] 28.00 15.00 
Coal ash 

[31] 
10.80 15.00 

Steel Slag 9.50 22.30 
Zinc slag [2] 7.00 23.20 
Red mud [32] 28.00 16.80 
Foundry 
Sand 

[34] 11.00 17.3 

Table 7. Material and references  
of the data used in Fig 3. 

 
IV. Chemical Characteristics of Industrial Wastes 

The major industrial non-hazardous inorganic solid wastes are coal combustion 
residues, bauxite red mud, tailings from aluminium, iron, foundry and zinc primary 
extraction processes. Generation of all these inorganic industrial wastes in India is 
estimated to be about 290 million tonnes per year [33]. 

Typical comparison of chemical characteristics of various solid wastes generated from 
diverse non-hazardous sources is shown in Table.8. The physicochemical properties of 
solid wastes depend on the properties of raw materials, source of material collection, a 
method of extraction, mineralogical origin, their efficiency and method of disposal [11, 
10]. It is evident from the characteristics of these wastes, which are generated by different 
processes, that they have good potentials for recycling and can be utilised as a 
construction material in roads and in embankments. 

Con
stitu
ents 
in 
% 

CC
Rs 

Jar
osi
te 

Red 
Mud 

Cop
per 
Slag 

St
ee
l 
sl
ag 

Fou
ndr
y 

san
d 

SiO
2 

56–
58 

3–
4 

5–13 
28–
32 

44 98 

Al 2

O3 
16–
24 

1–
4 

10–
23 

2–7 4 0.8 

Fe2

O3 
5–6 51 

28–
56 

44–
48 

24 
0.2
5 

Ca
O 

0–7 
1–
12 

8–17 2–7 14 
0.0
4 

Mg
O 

1–2 2 0.35 1–3 
9.
0 

0.0
2 

K2O 2–3 1 0.4– 0.61 N 0.0
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0.5 R 4 

Zn
O 

1–3 13 < 0.5 
0.05

–
1.30 

N
R 

NR 

PbO 
< 

0.1 
2–
3 

< 0.2 
0.02

–
0.28 

N
R 

NR 

Cu
O 

< 
0.1 

0-2 < 0.2 
0.46

–
3.76 

N
R 

NR 

LOI 1.5 12 6–14 < 1 4 NR 
Table 8. Chemical characterization of solid wastes generated from different Industries  

(modified after 2, 28, 33] 

CCRs-Coal Combustion Residues LOI- Loss on ignition; NR- Not Reported 

V. Summary 

Physical, chemical and geotechnical properties of different industrial solid wastes, 
which could become potential materials in the construction of roads, embankments, etc., 
have been reviewed critically. Based on the critical evaluation, the following general 
conclusions have been drawn:   

• Several of the wastes could become substitute to nature materials. 

• It has been observed that the steel slag is a potential to be used as a partial 
replacement of coarse aggregate. 

• The materials having no or least plasticity found to have meritorious in practical 
applications. 

• Relatively greater density characteristics are observed for slag wastes. 

• Fly ash can be used as a source material in embankment and subgrade. However to 
prevent its erosion it has to be covered with locally available soil. 

• The Red mud behaviour is similar to that of silty soil with least plasticity, it can be 
advantageous as road material. 

• Red mud can be used in subgrade and subbase layers by after stabilisation. 

• Steel furnace slag and zinc slag can be used as a partial replacement of aggregate for 
the construction of sub-base and base layers. 

• Jarosite can be utilised embankment construction and other road applications. 
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