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Abstract

This paper highlights the statistical analysis done on sediment samples collected from concrete drains
in Malaysian major urban areas in order to understand the characteristics of the sediment and also to
determine the suitable representative grain size. Samples were collected from 12 urban areas in
Peninsular Malaysia and 1 urban area in East Malaysia and subjected to sieve analysis. Results from
sieve analysis had shown that the major component of the sediment was sand with a mean value of
72.2%, followed by gravel with a mean of 24.7% and silt and clay with a mean of 3.1%. Samples from
10 locations have shown a non normal distribution with the tenderness to skew to the right. Due to
this, the conventional use of median grain size, d., as the effective size for sediment samples might not

be a good representation for the sediment distribution. Further statistical analysis in this paper have
suggested that the mode grain size is a much better representative grain size due to its stability when
compared to median and mean size. Thus, a much better representative for the sediment samples from

Malaysian urban areas would be the mode size (in this case is d,, ).
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1. Introduction

Sediments commonly found in urban drains consist of particles of differing size, shape and
specific gravity. Due to this, it is difficult to choose an effective grain size that is the most
representative of the average particle size in the sediment sample distribution. Conventionally, the
median diameter d., has been assumed as the size that represents the sediment mixtures. The median
diameter d., has been used in the development of equations for incipient motion [1-4]. However, in
using these equations at fields, the results were not satisfactory due to the different conditions
compared to the controlled condition in the laboratory where the equations were developed suggesting
a revision of these equations are needed [5]. This could be partly due to the sediment distribution used
in the development of these equations were of uniform grain size with almost lognormal distribution;
thus the median diameter, d., is a suitable representation of the sediment since it coincide with the
mode and geometric means of the distribution.

Available literatures by various authors have shown that grain size distribution for sediment
deposits is not lognormal and tends to skew. It was found that for many fluvial gravel deposits, it
tends to skew towards the finer particles (negatively skewed) [6-7]. An analysis of the data from 125
gravel-bed streams mostly from the United States with unimodal distribution have suggested in using
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the mode value of 68.8% or close to d., to be a suitable representation of the sediment distribution
[8]. As for urban drain, a study on the sediment distribution collected from 5 residential areas in
Kuwait has shown that the distribution tends to skew to the coarser particle (for unimodal distribution)
with a mode size of 0.3 mm and mode percentage value ranging from 11% to 33% [9]. The suggestion
that mode as being useful in studying sediment mixture is based on the basis that mode is a less bias
statistical parameter since it always represents the highest percentage of particles by weight and
covers the largest portion when compared to any other size class.

This paper highlights the statistical analysis done on the non-cohesive sediment distributions
commonly found in Malaysian urban drains so as to determine the representative particle size of the
sediment. A comparison has also been made on the sediment distributions to determine the similarity
in terms of characteristics and constituent for the sediments collected from major urban areas in
Malaysia. Sediment samples have been collected from 12 major urban areas in Peninsular Malaysia
and 1 major urban area in East Malaysia and were subjected to sieve analysis. The results from sieve
analysis were then analyzed and discussed further in this paper.

2. Methodology

Sediment samples were collected by grab sampling using scoop from urban concrete drains for
12 major urban areas in Peninsular Malaysia namely Bandar Kangar, Alor Setar, Butterworth and Ipoh
for Northern Region; Kuala Lumpur, Shah Alam, Seremban and Melaka for Central Region; Johor
Bahru for Southern Region and Kuantan, Kuala Terengganu and Kota Bahru for Eastern Region. As
for the 1 urban area from East Malaysia; Kuching which is the state capital of Sarawak was chosen
and sediment samples from 3 different land developments (residential, commercial and industrial)
were taken (see Figure 1); making altogether 15 locations (including the 12 locations in Peninsular
Malaysia) where sediment samples were taken for this study. All the samples were oven dried to a
temperature of 100 + 5°C for at least 24 hours. Samples were then broken up into individual particles
using pestle and mortar and any impurity like plastics, plant material and glass were removed. Each
sample was then mixed thoroughly before weighted and placed in sieve shaker. The sieve sizes used
were 20, 14, 10, 5, 2.36, 1.18, 0.6, 0.425, 0.3, 0.212, 0.15, 0.075 mm and a pan at the bottom. The
sieves were vibrated for 10 minutes. The amount of sediment particles retained on each sieve was
weighted and the percentages retained and passed from each sieve were calculated.

From the sieve analysis data, cumulative grain-size distribution, showing the percentage passing
against diameter size was plotted on a semi-logarithmic for each of the sediment samples. The system
of classification used was based on the system recommended by the American Geophysical Union.
Under this system, anything having a size larger than 2 mm is considered to be gravel; sand having a
size limit of below 2 mm but larger than 0.062 mm while silt and clay is considered to have size
smaller than 0.062 mm. To check the ‘skewness’ or the deviation from normal for the distribution, a
histogram of percentage retained against particle size diameter was plotted for each of the samples.
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Figure 1. Sediment sampling at RH Plaza Commercial Centre in Kuching, Sarawak: (a) sediment

deposition in monsoon concrete drain; (b) arrow showing the drain location for sampling; (c) the

sediment sample before oven dry; (d) sediment sample after oven-dried but before removing the
impurities.

The value of median diameter, d., was estimated from the cumulative grain size distribution
while the value of mode diameter, d ;. was from the grain size histogram. Median diameter, d, is
the size with a 50% passing on the cumulative grain size distribution curve while mode diameter,
d, 4. is the size having the largest percentage on the histogram of percentage retained against particle
size. The mode frequency f,.,. is the percentage value of mode for each sample. The mean diameter
for the sample was calculated using the following expression:

g, = 204

Equation 1
m 100 (Equation 1)
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where A; represents any portion of the percentages shown on the vertical axis of the cumulative
grain size distribution curve and d; represents the mean value of the sizes established by the extreme
values of the interval A;. The standard deviation o is given by:

S f(d—d)t |
(Zijzl fi

(Equation 2)

O =

where d, is the mean size of ith class, d is the mean size of the sample (see Equation 1), f;
is the percentage of sample by weight of ith class and j is the total number of classes.

In order to choose which one is more stable and representative of the sediment distribution, the
median, d.,; mode, d . and mean, d .. were subjected to stability test. Stability test was

performed using the ratio d /d ; where d is the arithmetic mean for the parameter (median, mode or
mean), and is given in the following expression:

d= @E%dk) (Equation 3)

where d, is the parameter size of K th sample number and nis the total number of samples
considered [9].

3. Results and Analysis

Results of the sieve analysis are summarized in Table 1 while Figure 2 shows the sediment
particle size distribution curves for all the 15 locations. It was seen that all the 15 locations have
unimodal grain size distribution. The major components for almost all the location was sand (except
for Seremban), ranging from 41.6% to 85.9% with a mean for all the location of 72.2%. Gravel
constituent of about 10% to 58% with a mean of 24.7% for all the locations. Almost all the locations
except Ipoh have silt and clay as the minor components with a range of 0.0% to 8.3% and a mean of
3.1%. The standard deviation for the sediment particles size distribution for all the locations ranged
from 0.96 mm to 4.18 mm with an average of 2.77 mm. A similar case study on the deposition
characteristics in urban drain for Kuching City, Malaysia also produced similar results where
generally sand is the major component while silt and clay is the minor component [10].
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Table 1 Sediment distribution characteristics for major urban areas in Malaysia

Sample
Location Type Sediment Distribution
Clay & silt (%) | Sand (%) | Gravel (%) | o(mm)
Bandar Kangar Unimodal 6.5 73.5 20.0 1.98
Alor Setar Unimodal 2.5 65.5 32.0 3.68
Butterworth Unimodal 1.4 68.6 30.0 2.32
Ipoh Unimodal 0.0 85.0 15.0 2.52
Kuala Lumpur Unimodal 0.5 715 28.0 2.22
Shah Alam Unimodal 0.8 64.2 35.0 2.85
Seremban Unimodal 0.4 41.6 58.0 4.04
Melaka Unimodal 3.7 73.3 23.0 2.96
Johor Bahru Unimodal 7.1 82.9 10.0 0.96
Kuantan Unimodal 4.1 84.9 11.0 2.58
Kuala Terengganu Unimodal 3.1 85.9 11.0 2.33
Kota Bahru Unimodal 8.3 70.7 21.0 2.09
Kuching (Residential) Unimodal 0.9 69.1 30.0 4.18
Kuching (Commercial) Unimodal 2.3 69.7 28.0 4.04
Kuching (Industrial) Unimodal 4.9 76.1 19.0 2.77
Average 3.1 72.2 24.7 2.77
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Figure 2. Sediment size distribution curves for major urban areas in Malaysia.
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To check the ‘skewness’ of the particle size distribution, a histogram of percentage retained
against particle size was plotted for each of the locations like the one shown in Figure 3. Out of the 15
locations, 10 locations showed the characteristics of skewed to the coarser particle (skew to the right)
where the mean have higher value than median, while median have higher value than mode. The 10
locations are Bandar Kangar, Butterworth, Ipoh, Shah Alam, Seremban, Kuantan, Kuala Terengganu,
Kota Bahru, Kuching (residential) and Kuching (commercial). This has some similarity to the
sediment samples from 5 residential areas in Kuwait where the samples skewed to the right [9]. This
showed that most of the samples were not of normal distribution, thus using the median diameter, d.,
might not be a good representative of the sediment samples size. The rest of the locations namely Alor
Setar, Kuala Lumpur, Johor Bahru and Kuching (industrial) did not showed a clear skewed
distribution with the mean value higher than mode and mode higher than median. As for Melaka, it
also did not showed a clear skewed distribution with the mean higher than mode; while median and
mode have the same value.

Since most of the incipient formula developed is based on a single particle size due to the
simplicity in the calculation procedure, it is important to determine the most appropriate size to
represent the entire sediment deposit. Some literature suggested that the mode size; d, 4. could be a
better representative of the sediment deposit than the mean size; d, [8; 11]. This is because mode is
a more stable statistical parameter than mean and median. Mean, being the average of the particle size
varies depending on the nature of the sediment data; while median may become sensitive to the shape
of the data set distribution and often does not depict the typical outcome. Mode, on the other hand is
less bias due to the nature of mode that always represent the highest percentage of particle by weight
[9].

The histogram of percentage retained against particle size also showed the size with the highest
percentage of particle retained or the mode. The mode size for the samples was ranging from 0.21 mm
to 1.18 mm with an average of 0.70 mm. An analysis on the frequency of mode percentile had showed
that the mode has the highest frequency in the range of 15% to 20% (midpoint at 17.5%) with 8
locations namely Bandar Kangar, Alor Setar, Butterworth, Shah Alam, Melaka, Kuantan, Kuching
(residential) and Kuching (commercial) have mode in that range. Figure 4 shows the frequency
histogram of the mode percentile for the sediment samples from the 15 locations. The average mode
percentile is at 20.2% as showed in Table 2. Table 2 also summarized the effective grain size for
median, mean and mode of the samples. The median, d., for the samples was ranging from 0.35 mm
to 2.4 mm with an average of 0.83. The mean, d,,,, was ranging from 0.86 mm to 4.04 mm with an
average of 1.91 mm. Comparing the mode percentage (see Table 2) with the results from 5 residential
areas in Kuwait [9], he mode range for the Malaysian major urban areas which was in the range of
14.4% to 30.2% actually falls within the range for the samples from Kuwait with the range of 11% to
33%. In terms of mode grain size however, the mode size of Malaysian major urban areas is larger
with an average of 0.7 mm compares with the mode size of Kuwait with an average of 0.3 mm.
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Figure 3. Histograms for sediment size distribution: (a) Ipoh; (b) Kuantan; (c) Kuala Terengganu; (d)

Kuching (Commercial).
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Figure 4. Histogram for mode percentile frequency.

Table 2 Effective sediment grain size for major urban areas in Malaysia

Location Effective Grain Size
fmode
dso (Mm) | dmean(Mm) | dmodge(mm) | (%)
Bandar Kangar 0.70 1.43 0.60 19.6
Alor Setar 1.00 2.55 1.18 15.8
Butterworth 0.85 2.01 0.60 16.0
Ipoh 0.80 1.21 0.60 29.2
Kuala Lumpur 0.90 181 1.18 21.0
Shah Alam 1.20 2.30 1.18 19.6
Seremban 2.40 4.04 1.18 23.2
Melaka 0.60 1.82 0.60 19.0
Johor Bahru 0.55 0.86 0.60 22.2
Kuantan 0.38 1.20 0.21 15.5
Kuala Terengganu 0.35 1.14 0.21 30.2
Kota Bahru 0.80 1.59 0.60 25.1
Kuching (Residential) 0.80 2.68 0.60 16.3
Kuching (Commercial) 0.70 2.43 0.60 15.3
Kuching (Industrial) 0.48 1.51 0.60 14.4
Average 083 | 191 | o070 | 202

To test the stability of the parameter (mode, mean and median) of the samples, the ratio of the
parameter with the arithmetic mean of the parameter (see Equation 3) was calculated. A graph of ratio
value for all parameters against the location sample number, nwas plotted and as shown in Figure 5.
From Figure 5, it was showed that mode have a smaller dispersion in terms of the parameter ratio if
compares to the parameter ratio for mean and median. Mode has a parameter ratio range of 0.3 to 1.69
with a spread or dispersion of 1.39. Mean has a parameter ratio range of 0.45 to 2.12 with a spread of
1.67; while median has a parameter ratio range of 0.42 to 2.88 with a spread of 2.46.
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Figure 5 shows that mode is more stable than mean and median due to the smaller dispersion
value of parameter ratio d/d . It means that the mode value for all the locations varies the least
among each other and also with the average mode of the samples as compares to the value of mean
and median. This suggest that if one is to choose a fixed percentile to represent the sediment particle
sizes for Malaysian urban drains to be used in incipient motion formula, that percentage should be
close to 20% or in other word, the effective representative grain size is d., .

Though, statistically the mode with a representative grain size, d,, is a better representative for
the sediment particles in Malaysian urban drains than the median, d., ; there is much to be done when
it comes to the application in the incipient motion equations. Further experimental works are needed
to develop incipient motion equations based on d,, and testing of the developed equations in the
field.

Comparison of d/d,, ratio for median, mean and mode
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Figure 5. Comparison of the parameter ratio d /d calculated for the median, mean and mode particle
sizes.

4. Conclusions

Sediment sampling and analysis from concrete drains of 15 urban locations in Malaysia had
generally shown that sand was the major component (except for 1 location) with an average of 72.2%,
followed by gravel with average of 24.7% and silt and clay as the minor component with average of
3.1%. Further analysis had also shown that most of the samples are not normally distributed with
samples from 10 locations showing a clear skew to the right. Hence, the conventionally used median,
ds, as the effective grain size for the sediment size distribution might not be a good representative of
the samples. The use of mode (in this case the d,, grain size) has been suggested in this paper instead
based on the statistical analysis and stability test to represent the grain size distribution for Malaysian
urban areas. Further experimental and field works are required to quantify the suitability of mode as
the representative grain size for sediment size distribution.
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