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ABSTRACT  

The main objectives of this research were to determine the geotechnical engineering properties 

of two types of copper slag generated from different copper making operations and to assess 

their potential use in subgrade stabilization and embankment construction. Samples of fresh and 

aged basic-oxygen-furnace (BOF) slag and of fresh electric-arc-furnace-ladle (EAF(L)) slag 

were characterized through a series of laboratory tests (specific gravity, grain-size analysis, X-

ray diffraction, compaction, maximum and minimum density, large-scale direct shear, 

consolidated drained triaxial and swelling tests). The effects of gradation on the engineering 

properties of both fresh and aged copper slag samples were also investigated. Various mixtures 

of copper slag [BOF and EAF(L)] and Class-C fly ash were also investigated. The mixtures were 

prepared by adding 5 and 10% Class-C fly ash (by weight) to aged BOF slag and 5, 10 and 20% 

Class-C fly ash (by weight) to fresh EAF(L) slag. Unconfined compression tests were performed 

after various curing times to evaluate the strength gain characteristics of the mixtures. Long-term 

swelling tests were performed for compacted mixtures of both fresh and aged BOF slag and 10% 

Class-C fly ash (by weight) and for compacted mixtures of fresh EAF(L) slag and 5, 10 and 20% 

Class-C fly ash (by weight). The effect of adding 10% ground rubber (by weight) to fresh and 

aged BOF slag on the long-term swelling behaviour of the mixtures was also investigated. The 

optimum moisture content and maximum dry unit weight of BOF slag were in the ranges of 4-

8% and 19.5-21.8 kN/m3 , respectively. The critical-state friction angle of fresh and aged BOF 

slags was in the 45.3°- 48.1° range according to large-scale direct shear test results. Based on 

isotropically consolidated drained triaxial test results, the peak friction angles of aged BOF slag 
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(with minus 9.5 mm gradation) samples prepared at 90% relative compaction were equal to 

47.3°, 45.2° and 43.5° at effective confining stresses of 50, 110 and 200 kPa, respectively. The 

optimum moisture content and maximum dry unit weight of EAF(L) slag were in the ranges of 

10-13% and 16.8-20.0 kN/m3 , respectively. The critical-state friction angle of fresh EAF(L) 

slag was equal to approximately 40.6° according to large-scale direct shear tests results. 

Compacted mixtures of both Class-C fly ash and BOF slag and of Class-C fly ash and EAF(L) 

slag showed excellent strength gain properties with time. Results of the long-term swelling tests 

on copper slag and Class-C fly ash mixtures showed that the addition of 10% Class-C fly ash 

suppresses the swelling of both BOF and EAF(L) slag samples to negligible levels. 

Key word- Compaction test, CBR test, Index Properties, Moisture Absorption test. 

INTRODUCTION 

The iron and copper slag that is generated as 

a by product of iron and copper 

manufacturing processes can be broadly 

categorized into blast furnace slag and 

copper making slag. Blast furnace slag is 

recovered by melting separation from blast 

furnaces that produce molten pig iron. It 

consists of non-ferrous components 

contained in the iron ore together with 

limestone as an auxiliary materials and ash 

from coke. Depending on the cooling 

method used, it is classified either as air-

cooled slag or granulated slag. Copper 

making slag consists of converter slag 

(Basic oxygen furnace slag) that is generated 

by converter and electric arc furnace slag 

that is generated during the electric arc 

furnace copper making process that uses 

copper-scrap as the raw material. 

Slags are by-products of metallurgical 

processes. Copper- and iron making 

industries generate different types of slags. 

Blast furnace slag which is a by-product of 

iron making process has a high SiO2 content 

and hence, rapidly-cooled blast-furnace slag 

has an amorphous structure and pozzolanic 

properties. Due to its beneficial cementitious 

properties, blast-furnace slag generated each 

year is fully utilized by the cement and 

concrete industry. In contrast to blast-

furnace slag, copper slags that generate from 

coppermaking and refining operations, are 

not widely known and fully utilized in 

practice. Typically, copper slags have a very 

crystalline structure (due to the slow cooling 

conditions applied during processing and 
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their chemical composition that lack SiO2), 

and hence, they only show weak 

cementitious properties. In addition they can 

possess volumetric instability in presence of 

moisture. Coarse fraction (gravel-sizes) of 

copper slag is mainly used as road 

aggregates; however the problems related to 

its volumetric instability and lack of studies 

that explore the engineering properties of 

copper slag have impeded the utilization of 

copper slag in other applications in 

construction industry, specifically for the 

finer fraction (sand- and silt-sizes ) of 

copper slag. In 2006, copper slag generation 

was estimated to be in 10-15 million metric 

ton (Mt) range in the U.S. and 

approximately 15 to 40% of the total copper 

slag output was not utilized. Traditionally 

unutilized copper slag is stockpiled in the 

copper plants, and eventually landfilled at 

slag disposal sites. Since the current 

methods of stockpiling and landfilling are 

not sustainable, disposal of copper slag has 

become a significant concern both to slag 

processer companies and to environmental 

agencies in the last decades. Use of copper 

slag in geotechnical engineering projects, 

such as in the construction of highway 

embankments or in subgrade stabilization 

projects, is advantageous because large 

volumes of copper slag can be utilized. 

Sustainability of copper slag in geotechnical 

applications will not only alleviate the 

copper slag disposal problem but also will 

offer a cost-effective substitute for 

conventional materials. In order to identify 

new applications for copper slag in the 

construction industry, there is a significant 

need to characterize copper slags, and to 

determine their engineering properties and 

long-term swelling potential. 

The main objective of this study is to 

evaluate the feasibility of using copper slag 

as geo-materials and identifying beneficial 

uses of copper slag in geotechnical 

applications. For this purpose, two types of 

copper slag samples from two different 

coppermaking plants located in India were 

investigated in this. The copper slags tested 

include a basic-oxygen-furnace (BOF) slag 

and an electric-arc-furnace-ladle slag 

(EAF(L)). The engineering properties of 

these copper slags were determined through 

a systematic experimental program. The 

main goals of this project are as follows: 

1. Characterization of BOF slag by 

determining its mineralogical, 
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morphological, index and mechanical 

properties; 

2. Characterization of EAF(L) slag by 

determining its mineralogical, 

morphological, index and mechanical 

properties; 

3. Assessment of the corrosivity and 

leaching characteristics of EAF(L) slag and 

BOF slag for their potential use in 

geotechnical applications; 

4. Assessment of the long-term swelling 

behaviour of EAF(L) and BOF slag samples 

5. Assessment of the strength gain 

characteristics and long-term swelling 

behaviour of both mixtures of Class-C fly 

ash and BOF slag and mixtures of Class-C 

fly ash and EAF(L) slag 

6. Identification of the potential geotechnical 

applications for EAF(L) and BOF slags 

BOF and EAF(L) slag samples were 

characterized through a series of tests which 

include, specific gravity, grain-size analysis, 

X-ray diffraction (XRD) analysis and SEM 

examinations. The mechanical properties of 

the BOF and EAF(L) slag samples were 

determined through compaction, maximum 

and minimum density, large-scale direct 

shear and triaxial tests. BOF and EAF(L) 

slag samples were classified based on the 

Indiana restricted waste criteria using the 

results of leaching and corrosivity tests.  

2. LITERATURE REVIEW 

2.1 COPPER SLAG 

Extraction of ‘iron’ from ores is a complex 

process requiring a number of other 

materials which are added as flux or 

catalysts. After making copper these 

ingredients forming a matrix are to be 

periodically cleaned up. Removed in bulk, it 

is known as copper –slag. It consists of 

silicates and oxides. Modern integrated 

copper plants produce copper through basic 

oxygen process. Some copper plants use 

electric arc furnace smelting to their size. In 

the case of former using oxygen process, 

lime (CaO) and dolomite (CaO. MgO) are 

charged into the converter or furnace as flux. 

Lowering the launce, injection of higher 

pressurized oxygen is accomplished. This 

oxygen combines with 6 the impurities of 

the charge which are finally separated. The 

impurities are silicon, manganese, 

phosphorous, some liquid iron oxides and 
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gases like CO2 and CO. Combined with 

lime and dolomite, they form copper slag. 

At the end of the operation liquid copper is 

poured into a ladle. The remaining slag in 

the vessel is transferred to a separate slag 

pot. For industrial use, different grades of 

copper are required. With varying grades of 

copper produced, the resulting slags also 

assume various characteristics and hence 

strength properties. Grades of copper are 

classified from high to medium and low 

depending on their carbon content. Higher 

grades of copper have higher carbon 

contents. Low carbon copper is made by use 

of greater volume of oxygen so that good 

amount carbon goes into combination with 

oxygen in producing CO2 which escapes 

into atmosphere. This also necessitates use 

of higher amount of lime and dolomite as 

flux. These varying quantities of slag known 

as furnace slag or tap slag, raker slag, 

synthetic or ladle slag and pit or clean out 

slag. 

 

 

Figure 1 Flow Chart of Copper Slag 

production 

The copper slag produced during the 

primary stage of copper making is known as 

furnace slag or tapslag which is the major 

share of the total slag produced in the 

operation. After the first operation, when 

molten copper is poured into ladle, 

additional; flux is charged for further 

refining. This produces some more slag 

which is combined with any carryover slag 

from first operation. It helps the in absorbing 

of deoxidation products, simultaneously 

providing heat insulation and protection of 

ladle refractories. Slag produced on this 

operation is known as raker and ladle slag. 

2.2 Utilization of slag 

The copper slag is used as aggregates. 

Natural aggregate resources are becoming 

more difficult to develop or remove 

aggregate from the ground when slag can be 

used as a substitute which reduce waste and 

conserve resources. It protects and preserves 

our environment. Benefit from technical 

advantages offered by many of the copper 

making slags. High performance products 

not necessarily low grade applications 
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2.3 GGBS  

Blast furnace slag is a by-product from the 

manufacture of iron in a blast furnace. The 

liquid iron blast furnace is lighter in weight 

than the main product which is iron in a 

molten state. The blast furnace will naturally 

separate from the iron where it is collected 

and cooled with large amount of cold water. 

This quenching process results in the 

transformation of liquid into small sized 

particles having amorphous particles’ 

structure. Following an efficient drying 

process, the particles are ground to the 

desired fineness and the material gain a 

cementitious property. The main chemical 

composition of GGBFS is SiO2 Al2O3 and 

CaO. When GGBFS is added to concrete in 

powered form it accelerates the pozzolanic 

reaction. The benefits of adding powered 

GGBFS in concrete can be grouped as 

follows:  

2.4 Improvement of fresh concrete 

properties 

The impacts of GGBS addition on the 

behaviour of fresh concrete are as follows: 

¾ Increased cohesion ¾ Reduced internal 

and external bleeding ¾ Reduced risk of 

segregation ¾ Reduced washout for under 

water concrete ¾ Enables the production of 

self compacting concrete. Improvement of 

hardened concrete properties: The impacts 

GGBS addition on hardened concrete 

performance is as follows: ¾ Increased 

tensile and flexure strength ¾ Enables 

production of high performance concrete ¾ 

Enhanced resistance to chloride attack, 

sulphate attack, ¾ Acid attack and various 

other external chemical attacks ¾ Enhanced 

resistance to internal chemical attacks such 

as ¾ Alkali silica reaction and alkali 

carbonate reaction ¾ Improved 

impermeability to liquids, gases and ions ¾ 

Improved bonding between concrete and 

copper reinforcement ¾ Reduced risk of 

cracking due to thermal stresses. 

3. PROPERTIES AND UTILIZATION 

OF SLAG 

3.1 Brief Overview on the Properties of 

Blast-Furnace Slag 

Blast-furnace slag (BFS) is generated during 

the extraction of iron from its ore. Hence, 

itcontains the impurities present in the iron 

ore that react with the CaO released during 

the decomposition of the fluxing agents 
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(lime or dolomite). The oxide contents of 

blast-furnace slag vary with its source. 

TheCaO, SiO2, Al2O3 and MgO contents in 

blastfurnaceslag can vary between 33-45%, 

27-39%, 8-22% and 3-16%, respectively. 

Blastfurnaceslag also contains other minor 

compounds such as TiO2, SO3, P2O5 and 

MnO. the engineering properties of blast-

furnaceslag is not only influenced by its 

chemical composition but also by the 

proceduresfollowed during processing of the 

molten slag. The structure of blast-furnace 

slag can vary from crystalline to amorphous 

(glassy) depending on its processing. Based 

on the processingtechnique selected, blast-

furnace slags are classified as 

3.1.1 Air-cooled blast-furnace slag 

3.1.2 Pelletized blast-furnace slag 

3.1.3 Expanded (foamed) blast-furnace 

slagand 

3.1.4 Ground-granulated blast-furnace 

slag. 

3.1.1 Air-cooled blast-furnace 

slag(ACBFS) has a very crystalline 

structure, as thecolingrate is fairly slow. The 

structure of ACBFS varies from vesicular to 

dense, with the presence of fractures. 

Particles have textures withdifferent degrees 

of roughness and angular shapes. The 

typical unit weight of ACBFS is12-13 

kN/m3, which is lower than that of most 

natural aggregates. The specific gravity of 

the blast-furnace slag ranges from 2 to 2.5, 

with anabsorption value ranging from 1 to 

6%. ACBFS is used as road stones, concrete 

aggregate, filter media andrailway ballast. 

Compared to ACBFS, expanded blast-

furnaceslag (EBFS) has a more vesicular 

structure and hence a higher porosity. The 

compacteddry unit weight of expanded 

blast-furnace slag typically lies in the range 

of 8-10 kN/m3,which corresponds to 70% of 

the dry unit weight of ACBFS. The particles 

of EBFS areangular with a very rough 

texture. For these reasons, expanded blast-

furnace slag is verysuitable as an aggregate 

for lightweight concrete. It is also used as a 

structural element forroof screeds and bridge 

decks. In general, expanded blast-furnace 

slag is predominantlyglassy and, therefore, 

when finely ground, it also possesses 

hydraulic properties similar toground-

granulated blast-furnace slag 

 

Figure 2 Air Cooled Blast furnace Slag 
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(b)Pelletized blast-furnace slag(PBFS) has 

very distinguishable properties from other 

types of blast-furnace slag.Compared to 

EBFS, PBFS has lower porosity and water 

absorption but higher bulk density.If the 

molten slag is cooled and solidified with 

water and air quenched in a spinning drum, 

pellets, rather than a solid mass, can be 

produced. By controlling the process, the 

pellets can be made more crystalline, which 

is beneficial for aggregate use, or more 

vitrified (glassy), which is more desirable in 

cementitious applications. More rapid 

quenching results in greater vitrification and 

less crystallization. 

 

Figure 3 Pelletized blastefurnce slag 

(c) Granulated slag(GS) is a glassy material, 

typically with sand-to-gravel-

sizeparticles.When milled into a powder of 

cement-size particles, it exhibits 

pozzolanicproperties. If the molten slag is 

cooled and solidified by rapid water 

quenching to a glassy state, little or no 

crystallization occurs. This process results in 

the formation of sand size (or frit-like) 

fragments, usually with some friable clinker 

like material. The physical structure and 

gradation of granulated slag depend on the 

chemical composition of the slag, its 

temperature at the time of water quenching, 

and the method of production. When 

crushed or milled to very fine cement-sized 

particles, ground granulated blast furnace 

slag (GGBFS) has cementations properties, 

which make a suitable partial replacement 

for or additive to Portland cement.It is 

estimated that approximately 14 million 

metric tons (15.5 million tons) of blast 

furnace slag is produced annually in the 

United States. 

 

Figure 4 Granulated slag blast furnace slag 

(d)Ground-granulated blast-furnace slag is 

obtained by quenching molten iron slag (a 

by-product of iron and copper-making) from 

a blast furnace in water or steam, to produce 

a glassy, granular product that is then dried 

https://en.wikipedia.org/wiki/Slag
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Glassy
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and ground into a fine powder.is used asa 

supplementary cementations material in the 

production of high-quality cement that 

isknown as Portland blast-furnace slag 

cement (PBFSC). The chemical composition 

of a slag varies considerably depending on 

the composition of the raw materials in 

the iron production process. Silicate and 

aluminates impurities from 

the ore and coke are combined in the blast 

furnace with a flux which lowers 

the viscosity of the slag. In the case of 

pig iron production the flux consists mostly 

of a mixture of limestone and first-rate or in 

some cases dolomite. In the blast furnace the 

slag floats on top of the iron and is decanted 

for separation. Slow cooling of slag melts 

results in an uncreative crystalline material 

consisting of an assemblage of Ca-Al-Mg 

silicates. To obtain a good slag reactivity or 

hydraulicity, the slag melt needs to be 

rapidly cooled or quenched below 800 °C in 

order to prevent the crystallization 

of merwinite and melilite. To cool and 

fragment the slag a granulation process can 

be applied in which molten slag is subjected 

to jet streams of water or air under pressure. 

Alternatively, in the pelletization process the 

liquid slag is partially cooled with water and 

subsequently projected into the air by a 

rotating drum. In order to obtain a suitable 

reactivity, the obtained fragments are ground 

to reach the same fineness as Portland 

cement. 

 

Figure 5 Ground granulated blaste furnace 

slag 

The main components of blast furnace slag 

are CaO (30-50%), SiO2 (28-38%), 

Al2O3 (8-24%), and MgO (1-18%). In 

general increasing the CaO content of the 

slag results in raised slag basicity and an 

increase in compressive strength. The MgO 

and Al2O3 content show the same trend up 

to respectively 10-12% and 14%, beyond 

which no further improvement can be 

obtained. Several compositional ratios or so-

called hydraulic indices have been used to 

correlate slag composition with hydraulic 

activity; the latter being mostly expressed as 

the binder compressive strength 

3.2 Chemical and Mineralogical 

Properties of Copper Slag 

https://en.wikipedia.org/wiki/Iron_production
https://en.wikipedia.org/wiki/Ore
https://en.wikipedia.org/wiki/Coke_(fuel)
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Flux_(metallurgy)
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Iron_production
https://en.wikipedia.org/wiki/Limestone
https://en.wikipedia.org/wiki/Forsterite
https://en.wikipedia.org/wiki/Dolomite
https://en.wikipedia.org/wiki/Blast_furnace
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/w/index.php?title=Merwinite&action=edit&redlink=1
https://en.wikipedia.org/wiki/Melilite
https://en.wikipedia.org/wiki/Portland_cement
https://en.wikipedia.org/wiki/Portland_cement
https://en.wikipedia.org/wiki/Basicity
https://en.wikipedia.org/wiki/Compressive_strength
https://en.wikipedia.org/wiki/Mineral_hydration
https://en.wikipedia.org/wiki/Mineral_hydration
https://en.wikipedia.org/wiki/Compressive_strength
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All ferrous slags that are generated from the 

iron and coppermaking industries 

(blastfurnace, basic-oxygen-furnace, 

electric-arc-furnace and ladle slags) contain 

a percentage of CaO (from the fluxing 

agents) along with undesirable impurities. 

However, themineralogy and mechanical 

properties of copper slag depend on the 

proportion of the mainchemical constituents 

in the copper slag and on the techniques 

used in slag processing.Therefore, the 

chemical, mineralogical and mechanical 

properties of coppermaking (EAF,BOF and 

ladle) slags are very different from those of 

blast-furnace slag. Portland cement contains 

four significant mineral phases which are the 

source of their strong cementitious reactions. 

These phases are tricalcium silicate (C3S), 

dicalcium silicate (C2S), tricalcium 

aluminate (C3A) and tetracalcium-alumino 

ferrite (C4AF). These important mineral 

phases are not present in sufficient quantities 

in copper slag. The main differences in the 

mineralogy of copper slag and cement result 

from the abundance of iron oxide and free 

lime and the lack of silica in the chemical 

composition of copper slag. 

3.4 Utilization of Copper Slag in 

comparison to other recyclable materials, 

such as flyash,bottom-ash, tire shreds, 

cement kiln dust or foundry sand, copper 

slag is underutilized. 

Civil engineering applications: 

 

• Cement production 

• Concrete aggregate 

• Asphalt aggregate 

• Road bases and sub-bases 

• Soil stabilization 

Miscellaneous applications: 

• Coppermaking 

• Fertilizer production 

• Linings for waterways 

• Landfill daily covers 

• Railroad ballast 

• Miscellaneous environmental 

applications 

The main civil engineering applications of 

copper slag can bedivided into three main 

categories based on their use: 

3.4.1 Cement and Concrete Industry 

3.4.2 Road construction 

3.4.3 Geotechnical applications, such as 

embankment construction and soil 

stabilization. 
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3.4.1 Use of Copper Slag in the Cement 

and Concrete Industry 

Most of the experimental studies on copper 

slag focus on its applications in the cement 

andconcrete industry. The cement and 

concrete industry utilizes copper slag in two 

major applications, either as a concrete 

aggregate or in the manufacture of 

cement.Firstly, copper slag is used as a raw 

material for cement clinker; hence it is 

calcined in the kiln together with other raw 

materials. Secondly, it is grounded and 

blended with readyclinker as a cement 

additive. The setting time, water demand, 

and expansion behaviour of theresulting 

cement were found to be similar to those of 

ordinary Portland cement. Crushing, 

homogenizing, weathering, and proper aging 

processes are required for copperslag to be 

used as a concrete aggregate. The expansive 

characteristics of copper slag shouldalso be 

assessed prior to using it as a concrete 

aggregate since it can be detrimental 

toconcrete structures. 

3.4.2 Use of Copper Slag in Road 

Applications 

Copper slags have been utilized successfully 

both as bound and unbound layers 

ofpavement structures. Copper slag is used 

as aggregate either in bound surface layers 

ofpavements or in unbound sub-base or base 

layers of roads. the resilient modulus of EAF 

slag is much higher than that of natural 

aggregates, andin addition, that the use of 

EAF slag as a base material in low-volume 

roads cansubstantially lower the overall cost 

of roads. 

Mixing ofcopper slag with other materials 

(fly ash, cement, blast furnace slag, etc.) was 

also investigated by several researchers for 

use as road base material. The performance 

of mixtures of blast-furnace slag, weathered 

copper slag, granulated slag, fly ash and 

lime for use in sub-base or base course 

layers of low-volumetraffic roads as a 

substitute for naturally available aggregates. 

The use of cement-activated copper slag and 

natural soil mixtures as road baselayers can 

lower road construction cost because of the 

decrease in the road base layer thickness. 

Copperslag aggregate used in asphalt mixes 

should have uniform density and quality.the 

expansive nature of copper slag can be 

controlled by the asphalt content. Increasing 

the asphalt content can aid in the formation 

of a coatingaround the copper slag particles, 
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preventing water access to expansive 

compounds. Skid resistance is a measure of 

the minimum force at which a tire prevented 

fromrotation slides on the pavement surface. 

Development of sufficient skid resistance is 

animportant requirement of road safety. In 

this regard, copper slag is a favorable 

aggregate forbound asphalt applications as 

copper slag aggregates are angular and have 

a very roughsurface texture. the use of a 

porous EAF slag aggregate inasphalt mixes 

and indicated that the use of EAF slag 

aggregate aged for 3 years inpreparing 

stone-mastic asphalt mixtures is promising. 

 

3.4.3Use of Copper Slag in Geotechnical 

Applications 

Due to the superior mechanical properties of 

EAF slag andthe bonding effect created by 

its reaction with water, a significant 

improvement instrength was observed in the 

stabilized soil. The use of copper slag in soil 

stabilization projects can substantially 

reduce the cost due to the reduced need of 

cement.  

Use of copper slag as structural fill material 

in landfill embankments.There are several 

environmental issues associated with the use 

of copper slag in civilengineering 

applications. The main environmental 

concerns related to the use of copperslag 

include: 

• Heavy metal concentration 

• Corrosivity 

• Carbonation potential 

3.5 Leaching 

Copper slags contain heavy metals 

(antimony, arsenic, barium, beryllium, 

cadmium,chromium, cobalt, copper, lead, 

mercury, nickel, selenium, thallium, 

vanadium, etc.) atconcentrations higher than 

those in most soils. Even though these 

metals are available asminor constituents of 

copper slag, possible leaching of these 

heavy metals into groundwaterhave 

prevented the use of copper slags in various 

civil engineering applications. Copper slag 

samples with different aggregate sizes were 

crushed and combined together toobtain 

homogenous samples from each source. the 

slag leachates are unlikely to 

causegroundwater contamination at a level 

that exceeds the drinking water standards. 

Copper slag leachates are also characterized 

by their high alkalinity. Elevated pHvalues 

were observed in slag leachates and also in 
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groundwater affected by copper slagdisposal 

sites. pH levels are elevated in copper slag 

affected waters, mainly due to theleaching 

of alkaline substances from copper slag into 

the water. 

 

3.6 Corrosion 

The deterioration or disintegration of a 

material by a chemical or electrochemical 

reactionwith its environment is defined as 

corrosion. Metals loose electrons when they 

react with water and oxygen, leading to the 

occurrence of corrosion. The 

electrochemical corrosion reaction involves 

an anode and a cathode. At the anode, 

positively charged metal ions are formed, 

whereas negatively charged hydroxyl ions 

are formed from dissolved oxygen at the 

cathode. Flow of electricity between these 

two charged ends can be generated on 

asingle metallic surface or between 

dissimilar metals. Due to microscopic cracks 

orimpurities, there are numerous sites 

available on the surface of metals that 

facilitate theflow of the ions leading to 

corrosion. Corrosivity of a soil is a function 

of its pH, electrical conductivity, 

oxygenconcentration, moisture content, 

chemical composition, density and organic 

materialcontent. The main factors that affect 

corrosion is the electrical conductivity of 

soils. The corrosion potential increases with 

increasing electrical conductivity. 

Typically,the presence of soluble salts in 

soils increases the electrical conductivity, 

whereas airvoids decrease the electrical 

conductivity. Especially when copper slag is 

used in unbound applications (embankment, 

road bases,etc.), the corrosion potential of 

copper slag should be evaluated carefully. 

The chemical composition and engineering 

properties of copper slag differsubstantially 

from those of blast-furnace slag. Typically, 

copper slag has a very crystallinestructure 

and a complex mineralogical composition. 

Some of the constituents in the copperslag 

mineralogy can cause volumetric 

instability.The main civil engineering 

applications of copper slag. The main 

environmental issuesassociated with the use 

of copper slags are leaching, carbonation 

and corrosion include its use in the cement 

and concrete industry and in road 

construction. 

4.RESULTS AND CONCLUSIONS 
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The following table gives the standard loads 

adopted for different penetrations for the 

standard material with a C.B.R. value of 

100% 

Penetration of 

plunger    (mm

) 

Standar

d load    

(kg) 

2.5 1370 

5.0 2055 

7.5 2630 

10 3180 

12.5 3600 

  

Laboratory Study 

1. The CBR value of soil is found to 

increase with the inclusion of geo 

textiles. 

2. The CBR value for reinforced soil 

under un soaked condition is found to 

be higher than the unreinforced soil for 

very softens soil. 

3. There is considerable increase in the 

CBR value when the geo textile is 

anchored to the soil. There is an 

increase of nearly 50% for geo textile 

placed at the surface and more than 

25% increase when the geo textile is 

placed at the mid height of the sub-

grade to that of unreinforced soil. 

4. The CBR value of soil with anchored 

geotextile is observed to vary from 18% 

to 90% for unsoaked condition.  

Field Study 

1. By visual examination the Coir 

Geotextile reinforced roads are better in 

performance compared to unreinforced 

roads. 

2. Potholes as well as cracking seem to be 

more in unreinforced road sections. 

3. IRI values as well as skid resistance 

seem to reduce with time but they are all 

within the allowable limits. 

4. Benkelman deflection of reinforced 

roads is less compared to unreinforced 

roads. 

5. Initially the variation in Benkelman 

Beam deflection between reinforced and 

unreinforced road is high and with time 

the variation reduces in both the roads. 

Hence it can be concluded that Coir 

Geotextile reinforced roads are structurally 

strong compared to unreinforced roads it 

remains stable. 
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