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The limited land available on site prohibits provision for long term
sludge landfill or other sludge storage facilities. Moreover, high
moisture content industrial wastes contained within settling lagoons
present a challenge in terms of selecting an efficient closure option.
For this reason, a specially designed testing programme was required.
The purpose of the settlement test series described in this paper is to
gain a better understanding of the material and to investigate various
options which will help to judge whether the surcharge option is
viable, especially when compared with other options under
consideration.

_______________________

_____________________________________________________

1. Introduction

reduction of the waste by the application of
surcharge load.

Closure of the sludge waste lagoons might be
achieved economically by applying a surcharge
to the sludge, with a view to expelling the
excess pore fluid, thereby decreasing the volume
of the lagoon, and stabilising the material. A
problem commonly associated with wastes of
the type currently contained within the lagoons
is the high volume occupied by the waste
(Krizek 2000; Francis et al 2002). Furthermore
the stability of these lagoons is unlikely to
improve with time because of the poor
consolidation settling properties of the sludges,
continued input of liquid (rainwater) into sludge,
and leakage from the sites. The increased
quantities of high water content material may
cause problems in geotechnics application in the
future such as huge settlement, high
compressibility
and
poor
consolidation
properties (Krizek 2000). A possible
remediation solution is to achieve volumetric

A characterisation study shows that the NSPL
sludge is a high water content material with
186% water content, whereas the sludge
contains a very low solid content, 35.5%; mostly
iron in the oxide form (Nik Daud et al 2009).
The main objective in this paper is to study the
settlement of the steel sludge material due to
self-weight and sand surcharge method. In order
to understand its settlement behaviour, series of
settling column tests differed by initial water
content and surcharge load were performed.
This study was carried out with respect to their
composition and morphology emphasizing on
the effect of settlement behaviour for dewatering
properties.
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2. Materials and methods

used to assess various methods of enhancing the
settling rate of the sludge. Two series of
settlement tests were performed using settling
column with diameter of 100 mm, height of
1500 mm and the average sludge sample height
was 1300 mm for each column. Self-weight
settlement tests were conducted for about a
month varied by initial moisture content (100%,
200% and 300%) to ensure settlement
equilibrium was achieved for each test in a

The steel sludge waste materials composed
primarily of iron and calcium. High
concentrations of sulfuric or hydrochloric acid,
and iron, produced during the pretreatment
operations for removal of oxide scales from the
surface of steel sheets. Meanwhile, calcium is
used to neutralize the acid.
General properties of the steel sludge material
were shown in Table 1. Settling columns will be

Table 1: The properties of the steel sludge material (Nik Daud et al, 2009).
Physical index
Methods
Specific Gravity
BS 1377-2:1990
Particle size distribution
Laser diffraction
(mean size)
apparatus
Liquid Limit
BS 1377-2:1990
Plastic Limit
BS 1377-2:1990
Plasticity Index
BS 1377-2:1990
Linear Shrinkage Limit
BS 1377-2:1990
Specific Surface Area
pH (H2O)
BS 1377-3:1990
EC*
CEC**
*
Electrical Conductivity
**
Cation Exchange Capacity

Units
Gs
µm

NSPL Sludge
2.77
5.29

LL (%)
PL (%)
PI (%)
LS (%)
SSA (m2/ g)
mS
meq/ 100 gm

86.21
47.59
38.62
4.64
55.2
10.2
1.7
2.74

Figure 1: Series of settlement column tests.
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Different
moisture
content
condition.
Settlement of material using sand surcharge
was also conducted for about a month focus
only on the initial moisture content taken from
site, 200%. Three settling columns will be
constructed to enable several different
surcharge loads to be assessed at the same
time. Furthermore to assess the effectiveness
of the treatments, it will be necessary to
conduct control tests. Therefore each
surcharge option requires one column. Figure
1 shows the test of sand surcharge settlement
using the settling columns.

To gain the exact initial moisture content for
each sample, some amount of liquid collected
from site was added to sludge. The sludge
sample was stirred in a bucket to ensure that a
homogenous and uniform mix was obtained.
Once homogenized, the samples were poured
into the column and the top was sealed using a
plastic lid to prevent evaporation process (but
with a small hole to ensure that atmospheric
pressure was maintained). The parameters
observed were settlement and void ratio of the
sample.

Figure 1: Settlement versus square root time curve varied by initial moisture content (100 %, 200%,
300%).
3 RESULTS

for each test was different. It was indicative
that the higher initial moisture content resulted
in a longer period for the sample to reach
equilibrium compared to the lower initial
moisture content. This occurred because of the
different solids content within each sample.
The higher the initial moisture content, less
solid it contained compared to the lower initial
moisture content.

3.1Self-weight Settlement Tests
3.1.1Settlement Behaviour
The self-weight settlement test was conducted
on samples with three different initial
moisture contents. The time-settlement curves
for varying initial moisture contents are shown
in Figure 1.

3.2 Void Ratio Behaviour

From the figures, it can be concluded that
the total settlement for each test varies
depending on the initial moisture content. The
total settlement increases with increasing
initial moisture content. The magnitude of
settlement is a function of initial moisture
content. The time taken to reach equilibrium

It has been observed that settlement increase
as the initial moisture content. Figure 2
presents the behaviour of void ratio versus
time varied by initial moisture content (100%,
200% and 300%). It is shown that the value of
void ratio decreases with time also due to the
solid content of each sample. According to
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Nik Daud et al (2010), the final void ratio for
the same pressure should be similar if there
were no chemical forces operating. However,
in this case it is believed that the material
settled due to the solid content and because it
is varied by initial moisture content, the solid
content also differred.

total settlement increases with increasing load.
The time taken to reach equilibrium for each
test was different. It was indicative that the
higher load applied resulted in a longer period
for the sample to reach equilibrium compared
to the less load applied.
3.4 Void Ratio Behaviour

3.3 Sand Surcharge Settlement Tests

Figure 4 presents the behaviour of void ratio
versus time varied by sand surcharge loading
(1.0, 0.5, 0.3 kN/ sq.m) for 200% initial
moisture content. It is shown that the value of
void ratio decreases with time due to the solid
content of each sample. Since the initial
moisture content for each sample is similar,
the value of void ratio also similar.

3.3.1 Settlement Behaviour
Figure 3 presents the behaviour of settlement
versus time varied by sand surcharge loading
(1.0, 0.5, 0.3 kN/ sq.m) for 200% initial
moisture content. From the figure, it can be
concluded that the total settlement for each
test varies depending on the load applied. The

Figure 2: Void ratio versus square root time curve varied by initial moisture content (100 %, 200%,
300%).
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Figure 3: Settlement versus square root time curve varied by sand surcharge loading (1.0, 0.5, 0.3 kN/
sq.m) for 200% initial moisture content.
However, it is evident that the final void ratios
are different depending on the applied load.
This suggests that in addition to physical
interaction (due to applied pressure), chemical

interaction are also operating (Lindblom and
Ma 1999; MA et al 2005; Nik Daud et al
2010).

Figure 4: Void ratio versus square root time curve varied by sand surcharge loading (1.0, 0.5, 0.3 kN/
sq.m) for 200% initial moisture content.
4 conclusions

the steel sludge material were addressed. The
objectives of these tests were to investigate
not only the above characteristics of the NSPL
sludge material but also to understand its
settlement behaviour on the effect of their
composition and morphology.

This paper presented the behaviour of
settlement under self-weight and surcharge
method using sand. Methods and procedures
used to determine the settlement behaviour of
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Krizek, R.J. (2000). “Geotechnics of High
Water Content Materials”. ASTM Special
Technical Publication. pp. 3-29.

From self-weight settlement and sand
surcharge tests, it has been observed that the
steel sludge material exhibits a slow
settlement for both tests. The reason for this
can be attributed to the flocculated-aggregated
structure of the material as discussed in the
previous paper (Nik Daud et al, 2009). The
magnitude of settlement and void ratio, e,
depends mostly on the initial moisture content
and applied pressure (by surcharge method).
As described above, the parameters
investigated in this test series will give an
indication of the behaviour of the sludge, but
it will not be possible to predict with any
certainty if these values can be scaled up to
the full-scale field conditions.
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