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ABSTRACT

The current study analyzes the effect of granite cutting waste addition on the properties of cohesive soil. Representative samples
of cohesive soils were collected from the Mansehra and Balakot areas of Hazara, Pakistan and their major geotechnical
properties determined following the standard ASTM procedures. The determined properties include the Atterberg limits, i.e.
Liquid Limit (LL), Plastic Limit (PL), Plasticity Index (PI), and Maximum dry density, Optimum moisture contents, Un-confined
compressive strength, Activity and Expansion. Both the soils are classified as active soils possessing high expansion capacity and
low strength due to the presence of Ca-montmorillonites. Following an increment of 5%, up to 25% streaks of cutting waste from
Susalgali and Baffa granites were added to the Mansehra soil and Balakot soil respectively. A thorough analysis of the test results
reveals a continuous decrease in the Atterberg limits, optimum moisture contents and expansion capacity, and increase in the
maximum dry density and overall strength of both the soils with increasing amounts of the added granite cutting waste streaks.
The reduction in Atterberg limits, optimum moisture contents and expansion capacity reflects the low activity and lower
absorption capacity of the added granite. Besides, the concomitant increase in strength and maximum dry density of the treated
soils suggests suitability of granite waste addition as a potential means for enhancing bearing capacity and reducing settlement
issues in civil engineering.

Key words: Granite cutting waste, Soil treatment, Granite streak, Atterberg’s limits, Activity, Expansion, Optimum moisture
contents, Maximum dry density, Un-confined compressive strength.

1. INTRODUCTION

The management of soils for their cost-effective use in construction is essentially a challenge in geotechnical engineering practice
[1]. The durability and performance of an engineering structure depend on the strength of the underlying soils;weak soils can
create severe problems. Cohesive soils commonly occur in most of the arid and semi-arid regions of the world. Owing to high
plasticity and greater susceptibility to cyclic swell-shrink/expansive behavior, cohesive soilscan pose severe threat to the
structures founded on them [2]. This behavior of a soil depends on its Activity, which is the ratio between its plasticity index and
clay fraction. Plasticity index is the numerical difference between Liquid and Plastic limits. That is why the liquid limit, plastic
limit and plasticity index are widely used for predicting the engineering behavior of cohesive soils [3]. On the basis of Activity,
Skempton [4] has divided soils into inactive, normal and active types with activity 0.75, 0.75-1.25 and more than 1.25,
respectively.

Soils containing Ca-montmorillonite and Na-montmorillonite possess high expansion and low bearing capacity and are referred to
as active soils. As construction on such soils is known to produce severe disastrous effects through early settlement, proper
stabilization is required before initiating construction on them. Stabilization or treatment of soil is the technique employed to soils
with low bearing and high expansion capacities for making them more stable by improving their bearing capacity and durability
under adverse moisture and stress conditions [5]. Several studies are available in which cohesive and active soils were
successfully stabilized through an addition of different types of material including barite powder [6], fly ash [7], phosphor gypsum
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[8], pyroclastic dust [9], lime [10], cement kiln dust [11], silica fume [12], ground polyvinyl waste [13], ash and phosphor-gypsum
[14], RHA and Portland slag cement[15], and a mixture of sand (22.44%), flyash (13.2%)and marble dust (12%) to soil (52.36%)
[16].

In running days, the stone factories create huge amounts of industrial waste through cutting processes. The waste contains toxic
elements and thus causes serious threats to the environment by effecting both surface and ground waters. Fortunately, the extent of
the environmental impact could be reduced by properly utilizing the waste.

The current study analyzes the influence of granite cutting waste addition on the plasticity, maximum dry density, optimum
moisture contents, unconfined compressive strength, activity and expansion of cohesive soils. Specifically, different proportions
of cutting waste from the Susalgali and Mansehra granites were used as stabilization admixtures in the cohesive soils of the
Mansehra and Balakot regions in a bid to make them less active, less expansive and thus stronger and more stable to avoid
settlement issues. The outcomes of the study are expected to help resolve major issues of environmental and geotechnical
concerns by suggesting utilization of granite cutting waste for improving the quality of cohesive soils.

2. METHODOLOGY

A detailed field survey was conducted to locate suitable sites for collecting representative samples of soil and granite cutting waste
from Mansehra region, Hazara, Pakistan. Two samples of granite cutting waste were collected, i.e. one sample each from
Susalgali and Baffa (Fig. 1). Both the collected samples are coarse grained and essentially consist of more or less similar modal
proportions of alkali feldspar, quartz and plagioclase, however the Baffa granite is darker because of its slightly higher content of
dark colored (mafic) minerals, mainly biotite, than the Susalgali sample. Following crushing and grinding, the granite cutting
waste samples were passed through sieve #200 to obtain a fine streak. Two soil samples, one each from Mansehra and Balakot
areas, were collected and named accordingly as Mansehra soil and Balakot soil, respectively. The soil samples were also passed
through #200 sieves to obtain fractions finer than 200 mesh.

Six samples of the Mansehra soil were prepared by adding to them streak of Susalgali granite cutting waste in different
proportions (Table 1). In the same way, six samples of the Balakot soil were prepared by mixing with streak of Baffa granite
cutting waste in different proportions. Different properties including the liquid limit, plastic limit, plasticity index, maximum dry
density, optimum moisture contents, unconfined compressive strength, activity and expansion of each of the resulting twelve
samples were then determined. Employing the ASTM D7928 method [19], hydrometer analysis was performed to determine
modal mineralogical composition of the original soil samples from the Mansehra and Balakot areas. The Atterberg limits (i.e.
liquid limit, plastic limit and plasticity index) of the original and granite waste treated samples of the Mansehra and Balakot soils
were determined with the ASTM D4318 procedure [20]. Maximum dry density and optimum moisture contents were determined
by using standard proctor test of the ASTM D698 [21]. The unconfined compressive strength was determined by the ASTM
D2166 method [22]. The activity values of all the studied samples were calculated with the equation:

Activity = Plasticity index/Clay content [4].

Table 1: Details of the treatment process of the studied soil samples

Sample Number Percentage of soil Percentage of the added granite
cutting waste
1 100 0
2 95 5
3 90 10
4 85 15
5 80 20
6 75 25
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Figure 1: Sample location and geological map of the study area (after Shams, 1967)
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3. RESULTS

Hydrometer analysis

Hydrometer analysis was carried out to determine the modal mineralogical composition of the original soil samples from the
Mansehra and Balakot areas. The results reveal that the Mansehra soil consists of 25.2 % clay and 74.8 % silt, while the
corresponding components in the soil from Balakot are 21.1 % and 78.9 %, respectively.

Geotechnical Parameters

The liquid limit and plastic limit of the original (untreated) Mansehra and Balakot soil samples are high. However, both these
parameters are gradually reduced with progressive increase in the proportions of the added cutting waste (Tables 2 and 3; Fig. 2).
Owing to their derivation from the liquid limit and plastic limit, the values of plasticity index for both the Mansehra and Balakot
soil samples are gradually decreased with increase in the amount of the added granite waste (Tables 2 and 3; Fig. 2).

Increase in the amount of the added granite also causes a regular reduction in the activity and optimum moisture contents of both
the Mansehra and Balakot soils, whereas the values of their unconfined compressive strength and maximum dry density are
increased (Tables 2 and 3; Fig. 2).

The expansion capacity of the studied samples was determined with the help of the relevant published chart (Fig. 3). The plot
demonstrates that the untreated Mansehra and Balakot soils possess high expansion capacity since they contain Ca-
montmorillonite. However, the samples treated by adding up to 25% granite cutting waste show reduction in their expansion
capacity to medium level.

Table 2: Properties of the untreated and treated Mansehra soil samples

Samples

Liquid Limit

Plastic Limit

Plasticity Index

Activity

Optimum
moisture
contents

Maximum
dry density
(g/cm3)

Unconfined
compressiv
e strength

(%) (KPA)

Sample 1

(100% Mansehra
soil)

Sample 2

(Mansehra soil+ 05%
Susalgali granite
cutting waste)
Sample 3

(Mansehra soil+ 10%
Susalgali granite
cutting waste)
Sample 4

(Mansehra soil+ 15%
Susalgali granite
cutting waste)
Sample 5

(Mansehra soil+ 20%
Susalgali granite
cutting waste)
Sample 6

(Mansehra soil+ 25%
Susalgali granite
cutting waste)

66.03 1.35 17.1

32.01 34.02 27 1.46

61.1 1.246 20.7

29.7 31.4 251 1.49

56.1 1.140 26.9

27.2 28.9 23.6 1.56

50.1 1.035 27.7

24.01 26.09 21.9 1.63

45.07 0.93 31.4

21.6 23.47 18.7 1.71

39.09 19.3 19.3 0.79 15.4 1.78 35.1
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Table 3: Properties of the untreated and treated Balakot soil samples

Maximum
dry density
(g/cm3)

Samples Liquid Limit | Plastic Limit |Plasticity Index | Activity | Optimum

moisture
contents
(%)

Unconfined
compressive
strength
(KPA)

Sample 1

. 61.9
(100% Balakot soil)

33.50 28.4 1.34 29 1.39

21.1

Sample 2

(Balakot soil + 05%
Baffa granite
cutting waste)

56.71 121

31.09 25.62 28.1 1.42

22.9

Sample 3

(Balakot soil + 10%
Baffa granite
cutting waste)

521 1.10

28.7 23.40 26.3 1.48

27.3

Sample 4

(Balakot soil + 15%
Baffa granite
cutting waste)

48.2 1.09

25.07 23.13 23.9 1.53

321

Sample 5

(Balakot soil + 20%
Baffa granite
cutting waste)

44.07 1.03

22.31 21.76 20.5 1.61

34.9

Sample 6

(Balakot soil + 25%
Baffa granite
cutting waste)

39.01 20.2 18.81 0.89 17.4 1.66

39.6
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Figure 2: Variation in the geotechnical parameters of the original and treated Mansehra (a) and Balakot (b) soil samples
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Figure 3: Activity chart showing the expansion capacity of the original and variously treated Mansehra (a) Balakot (b)

CHARACTERIZATION

soil samples.

The AASHTOO and Unified soil classification schemes were used to properly characterize the samples of Mansehra and Balakot
soils. As demonstrated, the original (untreated) soils from both the Mansehra and Balakot areas plot in the group of soils with fair
to poor strength (i.e. soils A7-6). The addition of increasing amounts of the granites cutting waste changes the character of the
treated samples through type A- 6 to A2-6 (Fig. 4). The strength of A2-6 soils falls between excellent and good. Plotting on the
Unified soil classification system reveals that the untreated samples from both the Mansehra and Balakot areas belong to CH type,
i.e. FAT soils. However, the gradual addition of granite waste regularly upgrades the resulting treated samples to the group of CL,

i.e. less active soils (Fig.5).
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Figure 4: Characterization of the original and variously treated Mansehra (a) Balakot (b) soil samples using the
AASHTOO plasticity chart.
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Figure 5: Characterization of the original and variously treated Mansehra (a) Balakot (b) soil samples using the Unified
plasticity chart. Symbols used in chart shows CH= Fat clays having high plasticity, MH=Elastic silts, ML= Clayey silts of
low plasticity, CL=Silty clays, Non active clays

4. DISCUSSION

Activity, Compaction, Strength, Liquid Limit, Plastic Limit and Plasticity index need to be properly investigated prior to
designing structures and their foundation as they control the soil performance in response to applied load. The investigated soil
samples from both the Mansehra and Balakot areas display higher values of liquid limit and plastic limit due to their content of
Ca-montmorillonite (Fig.3). The Ca-montmorillonite is known to absorb and hold a significant amount of water in their inter-ionic
layers, causing swelling and bringing about changes in interlayer spacing. The high values of liquid and plastic limits lead to an
increase in plasticity index that in turn enhances the activity and hence the expansion capacity of soils. Based on these parameters,
the soils under investigation are categorized as active soils having high expansion. Addition of cutting waste from the Susalgali
and Baffa granites has led to reduction of the values of liquid limit, plastic limit, plasticity index, optimum moisture content and
activity of the Mansehra and Balakot soils. This is because such a treatment results in diluting the concentration of more active,
cohesive and more absorptive components (e.g. Ca-montmorillonite) and increasing the abundance of very much less active, non-
cohesive and less absorptive minerals (quartz, feldspars and micas) from the added granite (Table 4). Likewise, the high specific
gravity of Baffa and Susalgali granites is most likely a reason for enhancing the values of maximum dry density (MDD) and
unconfined compressive strengths of the studied soils. Being predominantly composed of stronger minerals with very low
absorption capacity (i.e. quartz and feldspars), the Baffa and Susalgali granites display very low values of water absorption, 0.98
% and 1.16 %, respectively and high values of compressive (1641 Psi and 1595 Psi, respectively) and tensile strengths (198 Psi
and 240 Psi, respectively) [23]. That is why their addition of these has resulted in improving the Atterberg limits, compaction
parameters, unconfined compressive strength, activity and expansion, and hence performance of the investigated soils.
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Table 4: Activity values of expected minerals in soils

Mineral Activity Reference
Quartz 0.00
Calcite 0.18 Von Moos (1938)
Mica (Muscovite) 0.23
Kaol_lmte 0.33 Northey (1950)
Ilite 0.90
Ca-Montmorl_Ilonl_te 1.50 Samuls (1950)
Na-Montmorillonite 7.20

5. CONCLUSIONS
1) The addition of up to 25% granite cutting waste as streak improves the quality of cohesive soils significantly by
drastically reducing their Atterberg limits, optimum moisture contents, activity and expansion capacity.
2) Such a treatment enhances also the performance and sustainability of cohesive soils by increasing their maximum dry
density and unconfined compressive strengths.
3) This treatment plays a key role to control the negative impact of granite cutting waste on the environment.
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