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ABSTRACT: The railway traffic is an important source of particulate matter and composites pollution. Transport with railways is
generally considered as the most environmentally friendly transportation way. Therefore, the high mass concentration of these
particulate matter and composites has raised interest among researchers concerning environmental pollution.

Paper presents a nonconventional method for evaluation “in situ” of the state of pollution through statistical analysis of field test

results based on experimental optimization methods.
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1. INTRODUCTION

Transport presents real challenges as society tries to
ensure a more environmentally sustainable future.
Environment is derived from the French word
“Environner”, which means to encircle or surround.

All the biological and non-biological entities
surrounding us are included in environment. As per
Environment (Protection) Act, 1986, environment
includes all the physical and biological surroundings
of an organism along with their interactions.
According [1], environment is thus defined as “the
sum total of water, air and land and the inter-
relationships that exist among them and with the
human beings, other living organisms and
materials”.

This is schematically presented in Figure 1 [1].

Figure 1. Concept of Environment

In terms of environmental quality protection can be
considered critical areas also the curves(with
different curvature radius) of the railway track
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because as showing “dynamic forces occurring at
elevated wheel-rail contact, producing plastic
deformation in the area, discharge of material,
crazing and cracking and eventually changes shape
tread”.

First pollution aspect concern in analyze of noise
generated under moving trains, especially high-
speed trains [2]

Thus leading to a more pronounced wear of the
brake shoes and so at a higher level of pollution with
particulate matter and / or composites.

Especially in these areas, the rate of emission from
railway rolling stock of particles stemming from
wear of brakes and other materials, as well as from
re-suspension from the ground, can be expected to
depend on train properties such as weight and on
driving parameters such as speed and acceleration.
Wear of various track components, catenaries,
engines, and wagons generally represent a large cost
for train operators and railway authorities. Further,
wear causes diffusion of valuable material in nature,
in the form of polluted water or airborne particles,
which may affect ecosystems and human health” [3].

“There are comparatively few studies that address
the emission of particles from railways, probably
because the impact on air quality is expected to be
small. Those that have been completed normally
deal with emissions from diesel engines or the air
quality in coaches, but with electrical trains, the
particles mainly originate from wear of rails, brakes,
wheels, and carbon contact strips. The friction be-
tween wheels and rail causes metal losses from the
surfaces but it is an open question what fraction of



these losses results in airborne particles. It is in this
context of interest to study particle emissions from
railways. A number of studies have reported high
concentrations of particles in under-ground stations
and subways. There are few studies reporting levels
of particles in railway environments above ground
and no studies reporting emission factors or the
variability in emissions with driving pattern™[3].
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Figure 2. Black-box model for the emission of particulate
matter

Also, many aspects of extend pollution are available
concerning effects on soil, water and organisms
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biology, included genotoxic effects, and heavy metal
enrichment in soils, or both complex effects [4], [5],

[6], [71, [8].

Taking into account the above-mentioned, it is
proposed to use in my research the following black-
box model for the emission of particulate matter.

This paper presents a nonconventional method for
evaluation “in situ” of the state of pollution through
statistical analysis of field test results based on
experimental optimization methods.

2 PRINCIPLE OF THE METHOD

In principle, the method is based on the collection of
samples from critical areas through a statistically
optimized distribution so that number of samples to
be minimum and relevance to be maximum.

It will be introduce notion “Pollution function” as
global function:

Yp = a1X1taxXot. .. +aiX;. .. tagXy, (1)
that takes into account several factors of content in
few chemical elements like: Fe, Cu, Zn, Ca, Mg, Al,
Sb, Na, Ni, Mn, Ba, Cr.

State of pollution modelling involves the following
cyclical steps:
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Figure 3. Nonconventional proposed method

* adopted initial mathematical modelling structure
which established functional links between pollution
function and influence factors mentioned above;

* designed of experimental program corresponding
to number and variation levels of influence factors;

e direct implementation of the experimentation
program associated with a given experimental cycle;
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* statistical analysis of experimental results.

For considered method it was proposed to use an
experimental strategy, Box-Wilson type, which has
the following characteristics [9]:

* progressive acquisition of information after
performing experiments;



* achieving a maximum precision of estimating
the model for a number of measurement required;

* providing information about the direction of
movement of determinations to achieve optimal field
of pollution function.

Table 1. Program matrix-composite second order of central experiment, orthogonal with Ny=2, for k=4, without columns
corresponding interactions [9]

Try. No.of Levels of influence factors
categ. trial. K, K K K, K= | K2= | K= | K= Y,
0 1 2 3 4 5 6 7 8 9 10
1 -1 -1 -1 -1 0,215 [ 0215 | 0,215 | 0215 | Y,
2 +1 -1 -1 -1 0215 | 0,215 | 0215 | 0,215 | Y,
3 -1 +1 -1 -1 0,215 | 0,215 | 0,215 | 0,215 | Y3
4 +1 +1 -1 -1 0,215 | 0,215 | 0215 | 0,215 | Ypu
5 -1 -1 +1 -1 0,215 | 0,215 | 0,215 | 0,215 | Yps
6 +1 -1 +1 -1 0,215 | 0,215 | 0,215 | 0,215 | Ype
7 -1 +1 +1 -1 0,215 | 0,215 | 0,215 | 0,215 | Yy
N =2" 8 +1 +1 +1 -1 0,215 | 0,215 | 0215 | 0,215 | Y,s
9 -1 -1 -1 +1 0,215 | 0,215 | 0,215 | 0,215 | Ypo
10 +1 -1 -1 +1 0,215 | 0,215 | 0,215 | 0,215 | Yoo
11 -1 +1 -1 +1 [ 0,215 [ 0215 | 0,215 | 0,215 | Y,
12 +1 +1 -1 +1 10,215 [ 0215 | 0,215 | 0215 | Yo
13 -1 -1 +1 +1 0,215 | 0,215 | 0,215 | 0,215 | Y3
14 +1 -1 +1 +1 10,215 [ 0215 | 0,215 | 0215 | Yo
15 -1 +1 +1 +1 0,215 | 0,215 | 0,215 | 0,215 | Yyi5
16 +1 +1 +1 +1 10,215 [ 0215 | 0,215 | 0,215 | Y6
17 -1,483 0 0 0 1,415 | -0,785 | -0,785 | -0,785 | Y17
18 1,483 0 0 0 1,415 | -0,785 | -0,785 | -0,785 | Y8
19 0 -1,483 0 0 -0,785 | 1,415 | -0,785 | -0,785 | Ypi9
No=2k 20 0 |148] 0 0 |-0,785 | 1,415 | -0,785 | 0,785 | Y,
21 0 0 -1,483 0 -0,785 | -0,785 | 1,415 | -0,785 | Yy
22 0 0 1,483 0 -0,785 | -0,785 | 1,415 | -0,785 | Yp»
23 0 0 0 -1,483 | -0,785 | -0,785 | -0,785 | 1,415 | Y23
24 0 0 0 1,483 | -0,785 | -0,785 | -0,785 | 1,415 | Y4
No 25 0 0 0 0 -0,785 | -0,785 | -0,785 | -0,785 | Ypos
26 0 0 0 0 -0,785 | -0,785 | -0,785 | -0,785 | Yy
Number and structure of experimental N, —number of additional measurements made at

determinations is given by the next equation:
N=N_+N,+NO )
and the value of distance(from the centre of the

experiment Pg)where additional points are located is
a.

Additional points are at distances “d” and “2d” from
the Po.

Ny — number of additional measurements made in the
center of the experimental program,;

distance a of the experimental program,
N, =2k;

Ni- number of measurements derived from linear
modelling (through complete first order experiment),
NLZZ;

k-number of influence factors.

In short, nonconventional method proposed by the
authors of this work consists of the following:

* It is considered some coupon of railway track
whose radius of curvature is R[m] and Py-central
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point of the experiment situated on the midway of
distance between railway tracks.

* For the particular case of pollution function Y,
it was considered 4(four) experimental points
positioned at a distance “d” from Py and “e” to the
tangent of the railway track curvature.

* Also it was considered another 4(four) extra
points situated away “2d” from Py, on the same
2(two) perpendicular axes with directions N-S, E-W.
* Measurements for “1” factor were used to
determine Eg=f(d), where Eg represent pollution
effect due to “1” factor.

The factors of influence are [10]:

* Ki-distance to the railway tracks(positive or
negative arms);

* Kj-railway curvatures (minimum and maximum
radius);

* Kj-seasons (summer/winter);

e Ky-directions (East-West and North-South)

We proposed the experiment: 2k=p* using data from
Table 1 [9].

3 CONCLUSIONS

The evaluation of particulate matter and/or
composites pollution in critical areas of railway
track is a complex and laborious process, that
involves different methods, experiences and expanse
many resources.

Practical applications determine the use of special
methods with the optimisation as most important
objective.

Such modern methods involve, in the same time,
both use of nonconventional elements and, also, the
use of modern application of statistical methods.

One important part is the application of the
collection of samples from critical areas through a
statistically optimized distribution so that number of
samples to be minimum and relevance to be
maximum.

In such situation it is important to use the “Pollution
function” as global function, depending on many
linked factors.
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