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ABSTRACT

In this article, main sources of dust production in construction sites and a mathematical model are
explained and presented. The main carrier of dust is local wind in construction sites. Wind is caused by
differences in pressure. When a difference in pressure exists, the air is accelerated from higher to lower
pressure and caries the dusts around. Winds and also dust transferring can be defined by an equilibrium of
physical terms. Dust is a fact that you can see, taste or smell. The air around us is constantly filled with dust.
Most of us would probably say we are surrounded by dust. The dust sources in a construction site should be
determined and explained. The findings show that all the operators in a dust mathematical model exhibit
nonlinearity And also, dust mathematical model is a deterministic model and supposed to be static model.
Results show that it does not account for the element of time.
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Introduction

Often when engineers analyze a system to be
controlled or optimized, they use a mathematical
model [8]. In analysis, engineers can build a
descriptive model of the system as a hypothesis of
how the system could work, or try to estimate how
an unforeseeable event could affect the system.
Similarly, in control of a system, engineers can try
out different control approaches in simulations [20].

Pollution is the introduction of contaminants into
a natural environment that causes instability, disorder,
harm or discomfort to the ecosystem i.e. physical
systems or living organisms [2,13]. Pollution can take
the form of chemical substances or energy, such as
noise, heat, or light. Pollutants, the elements of
pollution, can be foreign substances or energies [3],
or naturally occurring; when naturally occurring, they
are considered contaminants when they exceed
natural levels [4,11]. Pollution is often classed as
point source or no point source pollution.

Dust is a sort of air pollution and is a general
name for solid particles with diameters less than 500
micrometers. Particles in arise from various sources
such as soil dust lifted up by wind as an air
pollution. Dust contains small amounts of many
materials which may be found in the local
environment [1].

A place dust exist on all surfaces and even in
the air. Different mites can be found in the local
dust. They excrete enzymes to digest the organic
particles, and excrete feces, that together become part
of the house dust, and may irritate allergies [7].

Alternately, the hygiene hypothesis posits that
the modern obsession with cleanliness is as much a
problem as house dust mites. The hygiene hypothesis
argues that our lack of prior pathogenic exposure
may in fact encourage the development of ailments
including hay fever and asthma [10].

Dust is widely present in the galaxy. Ambient
radiation  heats  dust  and  re-emits  radiation into
the microwave band,  which may distort the cosmic
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microwave background power spectrum. Dust in this
regime has a complicated emission spectrum, and
includes both thermal dust emission and spinning
dust emission [9].

The total dust that can be produced by a project
is influenced by its site mobilization; therefore, the
use of optimized mobilization helps to keep dust
down.

Large projects such as dam construction involve
different facilities including batching plants, crushing
plants, etc. Moreover, controlling their facilities and
choosing the best arrangement of them for dust
controlling are extremely complicated. While, there
is no simple solution to find the effects of dust in a
site mobilization. Thus, in this paper the a
mathematical model for dust is achieved and
presented.

Materials and methods

Mathematical Model:

Mathematical modeling is a method of
simulating real situations with mathematical equations
to forecast their future behavior. Mathematical
modeling uses tools such as decision theory, queuing
theory, and linear programming, and requires large
amounts of number crunching. It is also called
computational model [14].

A mathematical model is an abstract model that
uses mathematical language to describe the behavior
of a system [15]. Mathematical models are used
particularly in the natural sciences and engineering
disciplines (such as physics, biology, and electrical
engineering) but also in the social sciences (such as
economics, sociology and political science);
physicists, engineers, computer scientists, and
economists use mathematical models most extensively
[16].

Site Mobilization Management:

Site mobilization management is an
interdisciplinary field primarily devoted to optimize
facility placement effects on the nature and workers.
It can be achieved by optimizing facilities placements
such as batching plants and crushing plants, having
harmful effects on workers health. The duty includes
managing the facilities placement to keep harmful
effects down using the best arrangement of facilities.
This duty can be assisted by computer programs.
Figure 1 and Figure 2 show the construction site of
Zhawe dam in Iran.

Dust Pollution:

Air pollution is the introduction of chemicals,
particulate matter, or biological materials that cause

harm or discomfort to humans or other living
organisms, or cause damage to the natural
environment.

Indoor air pollution and urban air quality are
listed as two of the world's worst pollution problems
in the 2008 Blacksmith Institute World's Worst
Polluted Places report [18]. An air pollutant is known
as a substance in the air that can cause harm to
humans and the environment. Pollutants can be in the
form of solid particles, liquid droplets, or gases. In
addition, they may be natural or manmade [19].
About 4 percent of deaths in the United States can
be attributed to air pollution, according to the
Environmental Science Engineering Program at the
Harvard School of Public Health.

Results and disclusion

Dust Sources in Construction Sites:

Cement silo is involved in the development of
structure of this advanced and modern world but
generates dust during construction in a site. Cement
dust causes lung function impairment, chronic
obstructive lung disease, restrictive lung disease,
pneumoconiosis and carcinoma of the lungs, stomach
and colon.

Also, dust around the batching plant is the flow
of harmful dust gases on a large scale. And, it
consists of the bulk movement of air. Produced dust
can be classified by the batching plant speed, the
types of it, the construction site region, and the way
it is used. Figure 3 shows a dusty batching plant.

In addition, crushing plant is usually used to
crush rocks to final small particles in which lots of
dust can be produced. Using a dust controller during
crushing and carrying process will suppress surface
dust and minimize fine airborne particles from
crushing operations. For example, the fine mist
generated by the units can help reduce dust related
health concerns, complaints and potential fines.

The material transportation operation is also
dusty. Perhaps not so bad, but certainly dusty enough
to give us pause. For example, when we observed
the loader in operation, we saw clouds of dust rising
from the hopper when it was "charged" with a load.
This dust was seen to blow in the wind well clear of
the plant. Figure 4 shows a dusty material
transportation.

A road is one of the key factors in a engineering
construction. A road is a route, or way between two
places, which typically has been improved to allow
travel by some conveyance, including a bus, trucks
and other motorized vehicle. Construction site roads
usually are simply recognizable routes without any
formal construction or maintenance. These types of
roads makes dust in many construction sites.
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Table 1: Facilities
Facility Quantity
Batching plant 3
Crushing plant 3
Dormitory 2
Office 1
Laboratory 2
Parking 2
Cement silo 2

Fig. 1: Zhawe dam site picture 1.

Fig. 2: Zhawe dam site picture 2.

Fig. 3: Dusty batching plant.
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Fig. 4: Dusty material transportation.

Fig. 5: Wind direction.

Fig. 6: Dust mathematical model.

Dust Mathematical Model Classifying:

Dust mathematical model can be classified as
follows:

It is assumed to be a nonlinear model.
Mathematical models are usually composed by
variables, which are abstractions of quantities of
interest in the described systems, and operators that
act on these variables, which can be algebraic
operators, functions, differential operators, etc. If all
the operators in a mathematical model exhibit
nonlinearity, the resulting mathematical model is
defined as nonlinear [12].

Dust mathematical model as a deterministic
model is one in which every set of variable states is

uniquely determined by parameters in the model and
by sets of previous states of these variables [6].

Dust supposed to be static model. A static model
does not account for the element of time, while a
dynamic model does. Dynamic models typically are
represented with difference equations or differential
equations [5].

Mathematical Model of Dust:

According to dust mathematical model
classification, which is mentioned previously, the
mathematical model (%D=dust effect coefficient)
were be assumed as equation 1.
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Fig. 7: Sample project site plan.

Fig. 8: Dust coefficient changes.
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In which R is the maximum distance between

the dust source and site plan border's points. And, r
is distance between the dust source and the point
which is considered to calculate the dust effect at it.
Also, (θ-n) is angle differences between wind
direction and a line between source point and target
point (Figure 5).

Figure 6 shows a dust mathematical model. In
the model the dust source is located at (1,1) and R
is assumed to be (2)1/2.

Example:

In this section a sample site plan and different
facilities are assumed. The site plan topography is
shown in Figure 7. And also, facilities considered in
the site mobilization are presented in table 1. Figure
8 shows the changes of dust coefficient in a sample
site. As it can be seen from the results, the site
mobilization and facilities places are really important
and they can have effects on the dust pollution in the
construction site.

Conclusions:

The dust modeling frequently poses challenges in
areas of engineering. dust can effects environment
and workers health and dealing with this type of
problem is really important. dust is one of the most
important parameters that can be harmful for
workers.

In this article, main sources of dust production
in construction sites and mathematical model of dust
are explained and presented. The findings show that:
a. The most important causes of dust production in

a construction site are batching plant, crushing
plant and cement silos.

b. All the operators in a dust mathematical model
exhibit nonlinearity, the resulting mathematical
model is defined as nonlinear.

c. Dust mathematical model as a deterministic
model is one in which every set of variable
states is uniquely determined by parameters in
the model and by sets of previous states of these
variables.

d. Dust supposed to be static model. and does not
account for the element of time.
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