
A cleaner demolition scheduling methodology considering dust dispersion: 
A case study for a post-earthquake region

Ali Ersin Dinçer a, Abdullah Demir b,*, Ömer Dilmen a
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A B S T R A C T

In the present century, pollution is a primary concern for billions, prompting governments to advocate cleaner 
ways of production. Demolition activity is often an indispensable solution for structures that have completed 
their economic life. However, there are no regulations for the scheduling of demolition, except those related to 
the method of demolition and ensuring worker safety. Older buildings incorporate hazardous materials, such as 
asbestos, silica, and lead. These materials not only carry inherent risks, but high levels of aerosols in the air also 
adversely affect health. In this study, a demolition scheduling method is proposed, considering the dust 
dispersion. This research is pioneering, providing a structured demolition schedule to minimize the impact on 
both humans and the environment. In the methodology, a dispersion model is used to calculate the region 
exposed to dust and the concentration distribution throughout that area. In addition to the dust effect map, a 
vulnerability map is created using Analytical Hierarchy Process (AHP), aiding in determining interrelations 
between vulnerable sites. Thus, the dust effect map is derived by considering both dust exposure and the 
vulnerability map. The region affected by dust and the concentration of dust vary based on wind characteristics. 
By knowing the dust effect maps for the site (or all subsites) during specified time periods, a schedule can be 
defined. As a case study, schedules causing the absolute minimum and optimum dust effect rates are established 
for Kahramanmaraş, Türkiye which recently experienced a devastating earthquake. The findings of the case 
study show that the dust effect on humans and the environment is significantly reduced. Consequently, by 
adhering to the proposed scheduling plan, human exposure to demolition dust is minimized, resulting in reduced 
medical expenses even without increasing the cost of the demolition.

1. Introduction

Demolition is the only solution for almost every damaged structure. 
Although there are some retrofitting techniques to restore functionality 
to a structure, the earthquake-induced damage is usually irreversible. 
The term “demolition” implies annihilating a structure. However, there 
is a lengthy recycling process before or after sweeping away the ruins 
from the structure’s site. If the structure has minimal damage, the term 
“deconstruction” can be used instead of “demolition” because the 
recycling process begins before destroying the structure, as a dis
assembling process. In contrast, it is not possible to initiate the recycling 
process before demolishing a severely damaged structure.

Although the main aim is to decrease the vulnerability of structures 
exposed to natural hazards (by minimizing the cost/benefit ratio), it is 
inevitable to have damaged structures after a hazardous earthquake. 

Depending on the location and soil conditions, the damaged structures 
can cluster or be individually scattered on the terrain. Therefore, the 
circumstances of the damaged structures decide the way of demolition. 
There are several ways for demolishing structures: by top down, 
wrecking ball, and implosion. Regardless of the way of demolition, dust 
is spread out by the wind, not only in the prevailing direction but also in 
the transverse direction. This will affect the region around the demoli
tion site. The affected region mostly depends on the prevailing wind 
direction. Therefore, the season of demolition should be selected to 
minimize the dust exposure of citizens. Because, based on information 
given by doctors from Kahramanmaraş, where a devastating earthquake 
occurred on 6th February of 2023, hospital admissions for chest diseases 
increased by thirty percent.

In the literature, there is extensive research revealing the health ef
fects of demolition. Apart from the increased dust concentrations in the 
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air, numerous harmful materials are dispersed around the city center. 
Some of these harmful materials are asbestos, silica, lead, and other 
heavy metals (Rodríguez et al., 2023). Demolition of buildings with 
asbestos containing materials (ACM) has been regulated since 1973 in 
the USA (Perkins et al., 2007). Although the use and marketing of ACM 
were prohibited in the EU in 1999 and in Türkiye in 2010 (Akboğa Kale 
et al., 2017), old buildings may still contain ACM, posing an inevitable 
risk of asbestos exposure.

In (Farfel et al., 2003; Mucha et al., 2009), lead contamination 
around demolition sites was examined, and (Rabito et al., 2007), re
ported a significant increase in children’s blood lead levels. Similar to 
asbestos, silica in the form of crystalline silica dust poses risks of silicosis 
and an excess lifetime risk of mortality from lung cancer 
(Normohammadi et al., 2016). Additionally, lead and other heavy 
metals are also hazardous materials commonly used in construction in 
the past (Jacobs et al., 2013). Not only these specific harmful con
struction materials have negative health effects, but the dust dispersed 
around urban spaces also effects public health, causing issues like 
asthma (Dorevitch et al., 2006) and chronic lower respiratory diseases 
(Mølgaard et al., 2013).

In addition to these set-forth direct health effects (Rabito et al., 2007; 
Dorevitch et al., 2006; Mølgaard et al., 2013), demolition has indirect 
health effects due to dust effects in nature. Investigations were carried 
out to reveal the impact of dust in the air, water, and soil (Chu et al., 
2011). A previous study disclosed the dust effect in an estuarine water in 
India caused by demolition (Menon et al., 2021). Despite existing studies 
on the hazardous health effects of demolition and investigations into the 
dispersion of hazardous materials, regulations for demolition are limited 
to considerations of workers’ health (Patel and Patel, 2020) and solid 
waste disposal (Clark et al., 2006). There is a notable absence of regu
lations for demolition sites defining the season of demolition while 
considering the dispersion of dust with hazardous materials, causing 
health and environmental impacts.

Exposing particulate matter (PM), which is categorized into PM10, 
PM2.5 and PM1 and based on size, have adverse impacts on human health 
as they may contain pollutants like heavy metals (Heal et al., 2012). To 
minimize exposure to particulate matter (PM), dust dispersion models 
should be employed to assess PM concentrations downstream from the 
demolition site. Various models have been proposed to simulate dust 
dispersion, ranging from simple box-type models to intricate fluid dy
namics models (Holmes and Morawska, 2006). Dispersion modeling 
employs mathematical equations that depict atmospheric conditions, 
dispersion characteristics, and chemical and physical processes within 
the plume. Empirical and analytical solutions and numerical solutions of 
the advection-diffusion equations, random walk particle tracking 
models and buoyant jet type integral methods are used to model 
dispersion (Zhao et al., 2011). Analytical solutions, known as 
closed-form solutions, simplify derivations to solve governing equations 
(McCutcheon, 1990). Due to fluid hydrodynamics’ complexity, as
sumptions are necessary, limiting their applicability to specific cases, 
such as regular, symmetrical geometry in flow solutions (Martin and 
McCutcheon, 1998). To overcome the limitations of analytical solutions, 
numerical solutions for advection diffusion equations can be preferred. 
Finite difference, finite volume and finite element methods are examples 
of numerical solutions. Rather than directly solving the advec
tion–diffusion equation, the random walk particle tracking method ad
dresses the transport equation by tracking individual particles as they 
traverse through space and time. In this method, advection is simulated 
by moving individual particles within the local fluid velocity field, and 
turbulent diffusion is replicated using a random walk technique 
(Periáñez and Elliott, 2002). The random walk particle tracking method 
handles the movement of solute mass through a multitude of particles, 
eliminating the need for numerical solution of the transport equation. 
Consequently, it minimizes numerical dispersion and artificial oscilla
tions, resulting in fewer numerical errors and preserving the accuracy 
during particle tracking (Zhao et al., 2011; Salamon et al., 2006).

While researchers have concentrated on developing dispersion 
models to understand the impact of dust from building demolitions on 
human health and the environment, there is currently a lack of 
comprehensive studies proposing demolition plans that consider various 
criteria to minimize dust exposure. Although there are some govern
mental regulations for daily time periods for demolition activities, there 
is a lack of regulations defining the schedule for demolition activity.

In order to propose cleaner demolition regulations by defining 
schedules, a method for demolition scheduling is proposed, considering 
the health and environmental effects of dust dispersion. The study is 
pioneering research proposing a novel methodology to reveal the effects 
of demolition on nearby regions and scheduling the demolition activity 
that decreases the impact of dust dispersion. The algorithm involves 
using a dispersion model that integrates computational simulations with 
the Analytical Hierarchy Process (AHP) for multi-criteria decision- 
making, as well as GIS-based analysis, considering dynamic wind 
characteristics, to determine affected regions and optimize demolition 
time periods for subsites. Unit dust effects are calculated for inter-month 
and inter-subsite comparisons. Different scheduling scenarios are pro
posed, aiming to demolish each subsite in its optimum month or mini
mize the unit dust effect for efficient scheduling.

2. Methodology

In order to clearly state the main steps of the proposed methodology, 
the model used for dust dispersion and the Analytical Hierarchy Process 
(AHP) used to give multi-criteria decisions are defined in detail.

2.1. Dispersion model

In the present study, Sutherland-Einstein Diffusion Analysis 
(Sutherlan, 1904; Sutherland, 1905; Einstein, 1905) and a random walk 
particle tracking method (RWPT) with the Brownian motion (Brown, 
1827) are used to determine the dispersion and advection of particles 
resulting from building demolition. Sutherland–Einstein Diffusion 
Analysis relies on the principles of the Einstein-Stokes equation and 
offers a robust framework for predicting the diffusion behavior of par
ticles in a fluid environment. The Einstein-Stokes equation is expressed 
as: 

D=
kT

6πμr
(1) 

where D is the diffusion coefficient, k is Boltzmann’s constant, T is the 
absolute temperature, μ is the dynamic viscosity of the fluid, r is the 
radius of the particle. This equation shows the impact of temperature, 
viscosity, and particle size on diffusion. It demonstrates that, as tem
perature increases, the kinetic energy of particles increases, leading to 
greater diffusion.

While the Einstein-Stokes equation provides a fundamental under
standing of diffusion, the objective is to obtain an accurate diffusion 
coefficient value tailored to the specific environmental and particle 
conditions under consideration. To achieve this, a calibration process 
integrating elements of Brownian motion modeling is employed.

Brownian motion describes the erratic, random motion of particles 
suspended in a fluid medium. This chaotic movement results from the 
continuous, random impacts of fluid molecules on the suspended par
ticles. Mathematically, it is represented as: 

MSD(t)=2Dt (2) 

where MSD(t) is the mean squared displacement at time t. Brownian 
motion serves as the fundamental behavior upon which diffusion anal
ysis is constructed. It reveals how individual particles disperse unpre
dictably in a fluid due to thermal energy. Using the Brownian motion 
and Einstein-Stokes equation a calibration is conducted. The calibration 
process begins with the setup of essential parameters, including the 
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number of calibration steps, time interval, and the temperature of the 
system. Variables for the initial arbitrary diffusion coefficient, as well as 
the x and y coordinates for particle positions, are initialized. Brownian 
motion is simulated for each step within the defined calibration period. 
Random displacements for x and y are generated, and, in this descrip
tion, fixed values are utilized in place of random functions. Particle 
positions are updated accordingly. The MSD is computed by comparing 
the particle’s positions to their initial values for each time step. MSD 
data is fitted to a linear model using the least-squares method, resulting 
in a calculated slope. Finally, the calibrated diffusion coefficient is 
determined by dividing the slope by 4 times the temperature.

After finding the diffusion coefficient, the random walk particle 
tracking method, involving simulating the movement of particles in a 
fluid environment by incorporating both Brownian motion and advec
tion effects, is employed. The mathematical description of RWPT is 
illustrated below. 

x(t +∇t)= x(t)+
(

u+
∂D
∂x

)

∇t +
̅̅̅̅̅̅̅̅̅̅̅̅
2D∇t

√
N(0, 1) (3) 

y(t+∇t)= y(t)+
(

v+
∂D
∂y

)

∇t +
̅̅̅̅̅̅̅̅̅̅̅̅
2D∇t

√
N(0, 1) (4) 

where x(t) and y(t) represent the particle’s position in the x and y di
rections at time t, ∇t is the time step, u and v are the velocity components 
in the x and y directions and N(0, 1) denotes random numbers drawn 
from a normal distribution with mean, 0 and standard deviation, 1.

To calculate the concentration of particles at different distances from 
the source, the Gaussian dispersion model is used. The Gaussian 
dispersion model is particularly useful for predicting the concentration 
of pollutants originating from point sources (Zhao et al., 2011), such as 
industrial emissions or in this case, the demolition of buildings following 
an earthquake. The model assumes that the dispersion of pollutants 
follows a Gaussian (normal) distribution in both the horizontal (cross
wind) and vertical directions. The concentration of pollutants C at a 
given distance, x, from the source can be expressed using the Gaussian 
dispersion model as follows: 

C(x, t)=
Q

2πuσyσz
exp
(

−
x2

2σy
2

)

exp
(

−
x2

2σz
2

)

(5) 

Where C(x, t) is the pollutant concentration at distance x and time t, Q is 
the emission rate of pollutants from the source, σy is the horizontal 
standard deviation, which describes the dispersion of pollutants in the 
crosswind direction and σz is the vertical standard deviation, repre
senting the vertical dispersion of pollutants. The first term on the right 
side of the equation represents the source emission rate and the 
dispersion coefficients, and the second and third terms describe the 
horizontal spread of pollutants with distance from the source and the 
vertical dispersion, respectively. A larger σy value corresponds to greater 
dispersion in the crosswind direction, whereas a larger σz value indicates 
a greater vertical spread. To smooth the concentration distribution, 
projection functions are applied, redistributing a portion of each parti
cle’s mass to adjacent grid cells (Moeller and Adams, 1993; Bagtzoglou 
et al., 1992).

The experimental data of a study carried out for dispersion in urban 
regions (Venkatram et al., 2004) is utilized to compare the used model. 
The derived concentrations from the measurements taken at specific 
distances (200 m, 500 m, 1000 m, and 2000 m) from a regional source, 
which is an industrial area, are presented in Fig. 1, along with the results 
from the dispersion model used in this study. There is no data on the 
origin of the dust source. Therefore, the concentration data given for 
200 m is used for normalization of the whole data set. While there are 
some differences between the experiment and the model, it is not the 
aim of this research to determine the exact amount of dust concentration 
at every distance. The purpose is to make a comparison between con
centration amounts. Changing circumstances can alter the concentration 

levels in the region, but it is assumed that all areas have the same con
ditions. Therefore, the result of intercomparison remains consistent 
regardless of the changing conditions.

2.2. The AHP

The Analytical hierarchy process (AHP) is the most popular method 
(Demir and Dinçer, 2023; Dinçer et al., 2023; Demir et al., 2023; Yılmaz 
et al., 2023) among the multi-criteria decisioning methods. It is applied 
to many different areas (Rahmat et al., 2017; Rekik and El Alimi, 2023). 
Irrespective of the applied area, AHP results define the weights of the 
specified criteria. The weights are needed as a decision parameter for 
predefined functions or decision limits. For a reliable decision given by 
AHP analysis (Demir et al., 2024), the criteria and interrelations of 
criteria should be specified correctly. The interrelations compose a 
matrix of which elements define the relations of the criteria couples. The 
step of composing the interrelation matrix couple by couple is done 
mostly by experts’ opinions. Then, the interrelation matrix is normalized 
by dividing each element by the column-wise summation, and the 
row-wise means of the resulting matrix are computed. These row-wise 
means represent the weights assigned to each criterion. The summa
tion of weights of criteria should be 100%. Finally, the weights can be 
used for decisions which are mostly a ranking or limiting factor.

The AHP uses a consistency ratio, which is a measure of how much 
the judgments deviate from being perfectly consistent. A consistency 
ratio close to zero indicates a high level of consistency, while a higher 
ratio suggests greater inconsistency. The equations to calculate the 
consistency ration are: 

CI=
ℷmax − n

n − 1
(6) 

CR=
CI
RI

(7) 

Where CI is the consistency index, ℷmax is the principal eigenvalue of the 
interrelation matrix, n is the order of the matrix, RI is the Random Index, 
a constant value based on the matrix order and CR is the consistency 
ratio. A small CR indicates good consistency. As a rule of thumb, if CR is 
less than 0.1, the consistency is considered acceptable.

2.3. The algorithm

The wind speed and direction vary monthly and even daily world
wide, so the affected regions of dust from a demolition site change. This 
is because dust dispersion depends on the wind’s direction and speed. To 
identify the affected regions for each time period, a GIS-based analysis is 
essential. This analysis, carried out through pixel-by-pixel analysis using 

Fig. 1. Max concentration with respect to distance.
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MATLAB, determines the coordinates of the dust-affected region by 
applying a dispersion model to a demolition site with known wind speed 
and direction. It is similar to the wake effect analysis of wind turbines 
carried out in wind farm layout optimization studies (Demir et al., 2024; 
Patel et al., 2017; Dinçer et al., 2024).

Depending on the size of the demolition site and spatial constraints 
such as urban spaces and land use across the entire region, it is necessary 
to divide large and discontinuous/nonuniform demolition sites into 
subsites. In essence, the entire demolition site is represented by several 
subsites (where " noss " denotes the number of subsites). This allows for 
the determination of the optimal demolition time period for each subsite 
by conducting the necessary calculations individually for every subsite.

By analyzing the maximum dust concentration rates on each neigh
boring pixel affected by dust on the map, the exposure rate matrix for a 
demolition subsite, expDss(i, j, m), is achieved where i and j represent 
coordinates, m represents the time period, and ss corresponds to the 
demolition subsite. For each subsite, it is essential to establish a defined 
demolition period. In the proposed method, the demolition period for 
each subsite is specifically defined as a month-long duration.

The exposure rate matrix characterizes the maximum dust exposure 
rate for each pixel within the demolition subsite, determined by monthly 
wind speed and direction (with a rate ranging from 0% for minimum 
exposure to 100% for maximum exposure). Several assumptions un
derpin the feasibility of the study. Firstly, a constant wind speed and 
direction throughout the given month is assumed, implying a continuous 
flow from the prevailing wind direction. In turbulent flow, dust particles 
exhibit transverse motion in the air, defined stochastically by eqs. (3) 
and (4). The maximum exposure rate on a pixel is considered as its 
exposure rate, taking into account that not every pixel within a subsite is 
demolished simultaneously. Each neighboring pixel is exposed to dust 
for a constant time period as defined in eqs. (3) and (4), but the exposure 
rate varies for each neighbor pixel according to eq. (5). Assuming that 
the amount of dust spread from each subsite is constant, using the 
maximum dust exposure rate on a pixel is more representative to define 
the exposure rate. Although a CFD-based analysis is recognized as an 
accurate solution for representing dust exposure on each neighbor pixel 
(Kuo et al., 2016; Demir, 2020; Demir et al., 2021; Dinçer, 2020; 
Velioglu et al., 2015), it is deemed impractical for a site defined with 
high resolution.

The dust exposure rate alone does not provide insight into the impact 
on humans or the environment due to variations in urban spaces and 
environments across the region. To account for these differences, a 
vulnerability map is essential to identify the sensitivity to dust in the 
specified region. The process involves defining necessary criteria for the 
given region, which are then weighted using the AHP method to 
establish their relative sensitivities to dust exposure. Subsequently, the 
vulnerability map V(i, j) is generated through ArcGIS, incorporating the 
defined interrelated criteria. It’s important to note that this map remains 
constant over time, as the specified criteria do not change throughout 
the year.

To calculate the dust effect rates eff Dss(i, j,m) across the selected re
gion, an element-by-element multiplication of matrices, representing 
exposure rates and vulnerabilities, as outlined in eq. (8), is employed. 
This effect rate matrix delineates the pixel-specific impact of dust 
emanating from a demolition subsite on a monthly basis. Consequently, 
the dust effect rate is determined by considering both the exposure to 
dust and the vulnerability to dust. It’s important to note that in eq. (8), 
both matrices being multiplied consist of percentages. 

effDss (i, j,m)= expDss\(i, j,m)⨀V(i, j) (8) 

The dust effect rate matrix illustrates the impact rate for each pixel 
on the map. However, to facilitate comparisons between demolition 
months for a specific subsite or even among all subsites, a scalar effect 
rate is required. The monthly scalar dust effect rate is defined as the 
summation of totDss

m, as outlined in eq. (9). This summation aggregates 

the rates of dust effect on each pixel, providing the total dust effect for a 
subsite.

It’s important to note that the total dust effect, totDss
m, is influenced by 

the shape and size of the subsite. For instance, a small subsite results in a 
small dust-affected region, and vice versa. Additionally, the dust- 
affected region is smaller for a subsite with a slender profile in a di
rection perpendicular to the prevailing wind, while it is larger for a 
thicker subsite in the same direction. Briefly, the total dust effect is 
proportional to the size and shape of a subsite. In other words, the dust 
effect should be represented irrespective of the size and shape of a 
subsite. Instead, it should represent the dust effect for a unit dust nozzle. 

totDss
m =

∑nor

i=1

∑noc

j=1

eff Dss(i, j,m) (9) 

Where the number of rows in the matrix is nor and the number of col
umns in the matrix is noc.

The hydraulic diameter serves as a size representation for a nozzle, 
independent of its shape. In the context of treating a subsite as a dust 
nozzle, it becomes more meaningful to use the hydraulic diameter of the 
subsite, denoted as Øss

hyd, to define the unit dust effect for each site, 
represented as unDss

m. In eq. (10), the total dust effect of each subsite is 
divided by its corresponding hydraulic diameter, resulting in the unit 
dust effect for each subsite. To elaborate, the process of determining 
unDss

m for each subsite and month is detailed in a flowchart presented in 
Fig. 2. 

unDss
m = totDss

m

/
Øss

hyd (10) 

To facilitate comparisons between different months or subsites, it is 
essential to determine the unit dust effect for each demolition subsite in 
every month, denoted as unDss

m. Conducting an intermonth comparison of 
unit dust effects for a specific subsite enables the establishment of a 
priority rank. The month corresponding to the minimum unit dust effect 
value for a given subsite, Mss, is identified as the optimal month for the 
demolition of that subsite, as outlined in eq. (11). 
unDss

Mss = min
1≤m≤12

unDss
m (11) 

The ideal scenario for the demolition plan involves carrying out the 
demolition of each subsite during its optimal month, Mss. However, the 
feasibility of this approach hinges on the availability of the required staff 
and equipment. Given that multiple subsites may have their respective 
optimal demolition months, it becomes crucial to consider the necessary 
duration for the total demolition activity, reflecting the contract due 
date. This duration is instrumental in determining the requisite number 
of staff and equipment.

Therefore, there are three plausible scenarios for the demolition 
plan. The first scenario entails demolishing each subsite in its best month 
and subsequently calculating the needed number of staff and equipment 
accordingly. On the other hand, the second scenario involves deter
mining the necessary number of staff and equipment to complete the 
demolition of all subsites within the contracted due date. In this sce
nario, the focus is on identifying the least impactful demolition subsite 
to be prioritized for each month, especially when the region to be 
demolished is constrained. In the third scenario, maximization of the 
gain of selection of a site for demolition in a given period is the objective 
function.

The scheduling for the first demolition scenario is straightforward, 
involving the identification of optimal demolition months for each 
subsite as outlined in eq. (11). Conversely, this approach cannot be 
employed for scheduling in the second plan. In the second plan, the 
scheduling is determined by specifying the absolute minimum unit dust 
effect, denoted as unDss*

Mss* which represents the least impactful scenario 
across all months and subsites, as detailed in eq. (12). 
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unDss*

Mss* = min
1≤ss≤noss

(

min
1≤m≤12

unDss
m

)

(12) 

The absolute minimum unit dust effect, unDss*

Mss* , indicates the subsite 
to be demolished, ss*, and its corresponding demolition month, Mss* . 
Assuming that each demolition site can be demolished within a month, a 
schedule can be systematically constructed by specifying the unDss*

Mss* after 
each assignment of a subsite to a specific month.

Another optimal solution (third scenario) is designed based on the 
absolute maximum gain satisfied by selecting the cleaner way of de
molition as defined in eq. (13). The absolute maximum of the difference 
between the average normalized unit dust effect of a subsite and the 
normalized unit dust effect is the gain for a cleaner demolition schedule. 
Assuming that each demolition site can be demolished within a month, a 
schedule can be systematically constructed by specifying the unDss**

Mss** 

after each assignment of a subsite to a specific month. 

unDss**

Mss** = max
1≤ss≤noss

(

max
1≤m≤12

(∑12
m=1

unDss
m

12
− unDss

m

))

(13) 

The choice between the three scenarios depends on the specific cir
cumstances of the demolition project. Opting for the second and third 
scenario are advisable when the demolition is contractually bound by a 
due date. On the other hand, the first scenario may be preferable if the 
duration of the demolition period is a limiting factor or if it is practical to 
assemble the required team. In the second and third scenario, a dedi
cated team equipped with the necessary tools and vehicles operates 
throughout the contracted period. This team efficiently transitions the 
equipment and vehicles to the next demolition site as the month 
changes, ensuring that the overall demolition activity is completed 
within the specified due date. Two additional scenarios are composed to 
depict the limits dust effect and compare them. However, the fourth and 
fifth scenarios do not have any objective function as defined for first 

three scenarios (see eqs. (11)–(13)).

2.4. Study area

The proposed methodology is implemented in the city center of 
Kahramanmaraş (refer to Fig. 3), chosen as the focal area for this study. 
This location is deemed ideal for showcasing the effectiveness of the 
methodology, given the recent destructive earthquake that occurred on 
February 6, 2023 (Dinçer et al., 2024). The province currently requires a 
demolition schedule, while the remnants of the damaged structures are 
presently being transported to temporary recycling sites (Demir and 
Dinçer, 2023).

A report published by the Republic of Türkiye Ministry of Environ
ment, Urbanization and Climate Change provides a detailed assessment 
of the region, revealing that there are 11,984 risky buildings in 
Kahramanmaraş city center which is 3017 km2. There are 68 schools, 13 
hospitals, and 30 temporary shelters to take care of dust spread out from 
demolition of damaged buildings. Given these circumstances, 
Kahramanmaraş urgently requires an efficient demolition plan (refer to 
Fig. 4). Therefore, the province stands out as the most suitable location 
to demonstrate the advantages of the proposed methodology.

As indicated, there are many buildings to be demolished on the site 
and buildings are not identical. The type and height of buildings are 
primarily influenced by the municipality’s development plan. Moreover, 
damaged buildings are concentrated in specific areas, such as those that 
have collapsed. Consequently, thorough inspections and studies are 
imperative on the site to categorize it into subsites, each generating a 
comparable amount of dust. The authors delineate these subsites, as 
illustrated in Fig. 5, based on their site investigations.

Table 1 provides the annual wind speeds and directions. Monthly 
data on wind speeds and directions are necessary for the implementation 
of the proposed methodology. The prevailing wind directions in Table 1
are expressed in degrees, following a clockwise direction starting from 
the north. It is assumed that the wind characteristics remain constant for 

Fig. 2. Flow chart for determining minimum effect of a demolition region.
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each monthly period, providing a defined scope for the research context.

3. Results

While the concept of dust vulnerability rating is universal, specific 
site characteristics can introduce variations. In earthquake-damaged 
regions, temporary shelters coexist with vulnerable locations like air
ports, schools, and hospitals. Considering these regional characteristics, 
an AHP analysis is conducted, and the results are presented in Fig. 6. By 
assigning the AHP findings into a map using a color spectrum, a 

vulnerability map is created, illustrating the vulnerability of each pixel 
in Kahramanmaraş city center. Figure 7 depicts this map, where the 
most vulnerable sites are highlighted in dark red, while less vulnerable 
areas are represented in light red and colorless. It’s important to note 
that the demolition subsites include residential areas, and as the de
molition schedule is unknown before the analysis, these subsites are 
assumed to also encompass residential zones.

To calculate the dust effect rates for each pixel on the map, the dust 
exposure rate is essential, as indicated in eq. (8). The dust exposure in a 
specific region relies on both the defined dispersion model, which 

Fig. 3. Kahramanmaraş city center.

Fig. 4. Destruction in Kahramanmaraş due to earthquake on 6th February of 2023.
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determines particle concentrations in the air by the wind characteristics. 
Wind characteristics, including prevailing wind speed and direction for 
the city center of Kahramanmaraş, are detailed in Table 1. By incorpo
rating the dispersion model and monthly wind characteristics, dust 
exposure maps for each subsite are generated for every month.

By multiplying the vulnerability matrix with the dust exposure ma
trix, dust effect matrices, which represent the dust effect values of each 
pixel on the map, are obtained for each subsite every month. For 
instance, Fig. 8 illustrates the annual dust effect map for demolition 

subsite F, derived by processing the eff DF(i,j,m), onto the map. However, 
as these are matrices, direct comparison is challenging. To enable 
intercomparison among months and subsites, unit dust effect rates, 
unDF

m, (scalar numbers) are calculated for each subsite per month using 
eq. (10). This step is crucial as scalar representations of the dust effect 
matrices are needed. The normalized unit dust effect rates are then 
summarized in Table 2 in which normalized values of unDF

m can be seen 
in column F. establishing an interrelation between the unit dust effect 
rates of each subsite and month. Table 2 contains normalized values of 
dust effect rates of all subsites for all months. This table has all needed 
data to construct a demolition plan.

Table 2 displays the unit dust effect rates of all subsites for every 
month. To provide a comparison of subsites, Table 2 is shown as graphs 
in Fig. 9. These graphs reveal that the unit dust effect rates of each 
subsite are similar to the monthly wind speed of the Kahramanmaraş 
province. This is because dust effect rates are derived from dust exposure 
rates, which are directly linked to the speed of wind, as defined in eqs. 
(3) and (4). If all subsites had the same hydraulic diameter and a ho
mogeneous vulnerability region throughout the entire province, then 
they would all have the same unit dust effect rate. However, the hy
draulic diameter of the subsites and the vulnerability around subsites 
vary, which causes differences in the unit dust effect. The level of unit 
dust effect rate is influenced by the hydraulic diameter of the subsite. 
Additionally, the variation in rates throughout the year is due to the non- 
uniform vulnerabilities surrounding the subsite. This is because the di
rection of the prevailing wind changes throughout the year, causing the 
affected region to change with the wind’s direction.

4. Scenarios

Five scenarios are developed to observe the limits of dust effect and 
compare the demolition plans. The first plan places the highest priority 
on minimizing the dust impact on individual units. The second and third 
plan strives to achieve the optimal dust effect per unit based on different 
objective functions. The fourth plan prioritizes contractor efficiency, 
overlooking pollution concerns. Finally, the fifth plan, designed as a 
worst-case scenario, is formulated to evaluate the effectiveness of the 
other demolition schedules. Table 2, which consists of unit dust effect 
rates of all subsites for all months, has all the data needed to construct 
any demolition plan. The first three scenarios are composed based on 
eqs. (11)–(13), respectively. In contrast, the last two scenarios have no 

Fig. 5. Demolition sub-sites.

Table 1 
Monthly wind speeds and directions for Kahramanmaraş city center.

Month Speed (m/s) Direction (Deg)

January 2.86 229
February 2.92 219
March 2.89 162
April 2.83 121
May 2.89 123
June 3.50 128
July 3.75 130
August 3.47 126
September 3.03 124
October 2.61 163
November 2.58 214
December 2.75 233

Fig. 6. Weights of criteria.
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Fig. 7. Vulnerability map of Kahramanmaraş city center.

Fig. 8. Annual dust effect rate map of demolition subsite F.

A.E. Dinçer et al.                                                                                                                                                                                                                                Journal of Cleaner Production 478 (2024) 143906 

8 



objective function.

5. Scenario 1

In the first scenario, the government mandates a demolition schedule 
to the contractor with the objective of minimizing the dust impact based 
on eq. (11). It is assumed that the contractor possesses the necessary 
equipment to carry out the demolition of each subsite during the month, 
which results in the least dust dispersion. However, prior to analysis, it is 
uncertain whether all subsites exhibit the minimum dust effect simul
taneously or if the months of minimal dust effects vary for each subsite. 
To determine the optimal demolition months for each subsite, specifying 
the minimum dust effect rates throughout the year is necessary. This 
enables the identification of the demolition months for each subsite, 
facilitating the determination of the required equipment and team 
allocation. The resulting demolition months causing the minimum dust 
effect for each subsite are presented in Table 3.

Table 3 reveals that multiple subsites are scheduled for demolition 
during the same months. Consequently, the contractor must be equipped 
to demolish four subsites simultaneously. In this scenario, the workload 
is not continuous throughout the contract period, with breaks occurring 
in January, February, March, May, June, July, August, September, and 

October. Even if the demolition commences in November, the demoli
tion teams are required to take a three-month break in January, 
February, and March. The scenario envisions the completion of demo
lition by the end of April. The dust effect map for the first scenario is 
shown in Fig. 10.

In Table 4, the normalized unit dust effect rates, with a mean of 0.40, 
are provided for each subsite. According to these normalized rates, the 
first scenario results in a unit dust effect rate that is 40% of the unit dust 
effect expected during the demolition of subsite G in July, which, as 
indicated in Table 2, yields the highest unit dust effect among all 
subsites.

6. Scenario 2

In the second scenario, the government mandates a demolition 
schedule where each subsite is to be demolished in a different month. 
Consequently, the contractor must be adequately equipped to demolish 
a subsite within a single month. The determination of the demolition 
month for each subsite follows a systematic selection process. The 
month chosen for demolition is based on identifying the absolute min
imum unit dust effect, as defined in eq. (12). The demolition months for 
all subsites are determined by specifying the absolute minimum unit 

Table 2 
Normalized unit dust effect rates.

Month A B C D E F G H I

January 0.37 0.42 0.46 0.39 0.36 0.44 0.75 0.55 0.49
February 0.40 0.44 0.45 0.39 0.37 0.46 0.82 0.58 0.50
March 0.41 0.46 0.43 0.36 0.34 0.43 0.86 0.58 0.48
April 0.29 0.41 0.48 0.34 0.31 0.36 0.70 0.55 0.43
May 0.31 0.42 0.48 0.35 0.32 0.37 0.73 0.56 0.44
June 0.39 0.51 0.57 0.43 0.38 0.46 0.91 0.67 0.53
July 0.43 0.56 0.62 0.47 0.42 0.50 1.00 0.72 0.58
August 0.38 0.50 0.57 0.42 0.38 0.45 0.89 0.67 0.52
September 0.33 0.44 0.51 0.37 0.33 0.39 0.77 0.59 0.46
October 0.37 0.41 0.39 0.32 0.31 0.39 0.78 0.52 0.44
November 0.36 0.40 0.39 0.34 0.33 0.41 0.75 0.52 0.44
December 0.33 0.40 0.48 0.38 0.33 0.39 0.57 0.52 0.43

Fig. 9. Graphical illustration of normalized unit dust effect rates as contour (a) and line (b).

Table 3 
Schedule of the scenarios.

Scenario Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1 ​ ​ ​ F, A, E, I ​ ​ ​ ​ ​ ​ C, D, H B, G
2 H G C A F ​ ​ ​ I E D B
3 B E D A F ​ ​ ​ I C H G
4 ​ ​ G F C B A D E H I ​
5 ​ ​ ​ ​ ​ ​ All ​ ​ ​ ​ ​
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Fig. 10. Dust effect map of scenario 1.

Table 4 
Dust effect rates of scenarios.

Scenario A B C D E F G H I Mean

1 0.29 0.40 0.39 0.34 0.31 0.36 0.57 0.52 0.43 0.40
2 0.29 0.40 0.43 0.34 0.31 0.37 0.82 0.55 0.46 0.44
3 0.29 0.42 0.39 0.36 0.37 0.37 0.57 0.52 0.46 0.42
4 0.43 0.51 0.48 0.42 0.33 0.36 0.86 0.52 0.44 0.48
5 0.43 0.56 0.62 0.47 0.42 0.50 1.00 0.72 0.58 0.59

Fig. 11. Dust effect map of scenario 2.
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dust effect after each demolition month. This approach results in a 
schedule, outlined in Table 3, which optimally minimizes the unit dust 
effect on both human health and the environment.

According to the prescribed schedule, the contract is scheduled to 
commence in September and conclude at the end of May. Unlike the first 
scenario, where the contract spans 8 months with nonuniform demoli
tion activity, the second scenario envisions a uniform demolition ac
tivity. In this context, it is observed that the summer season is deemed 
the least favorable for demolition activities. This is attributed to summer 
being the windiest season, leading to an increase in dust concentrations 
in the air. The corresponding dust effect map is presented in Fig. 11.

The mean of the unit dust effect rates for subsites in the second 
scenario is calculated to be 0.44 (refer to Table 4). As anticipated, the 
mean unit dust effect rate in the second scenario is higher than that in 
the first scenario. This discrepancy arises because, while the first sce
nario is designed based on the selection of absolute minimum unit dust 
effect rates for each subsite, the second scenario is composed according 
to optimal minimum unit dust effect rates. The optimality condition is 
defined by the requirement for uniformity in the demolition activity 
throughout the specified contract period.

7. Scenario 3

This scenario aims to demonstrate the significance of using the right 
objective function for optimal solutions. The optimality function used in 
this scenario is composed to increase the gain obtained by the difference 
between the average unit dust effect of the subsite and the unit dust 
effects of that site throughout the year. By satisfying the maximality of 
the objective (see eq. (13)), the total unit dust effect of the scenario is 
minimized. The results show that a solution that is 5% better than the 
second scenario is achieved (see Table 4). Furthermore, a closer result to 
the first scenario, which represents the absolute minimum, is obtained. 
The scenario is given in Table 3. The Corresponding dust effect result is 
visualized in Fig. 12.

8. Scenario 4

This scenario is developed under the assumption that the govern
ment does not mandate a specific demolition activity schedule for the 
contractor. Consequently, the contractor has the autonomy to plan the 

schedule, prioritizing the primary objective of minimizing expenses. 
While the primary cost for the contractor is associated with the demo
lition activities, an additional transportation cost arises due to the spe
cific locations of subsites within the city center. After completing a 
subsite, vehicles must be transported to the next demolition location. 
Although this transportation cost is relatively small compared to the 
expenses of demolition activities, the unconstrained contractor would 
prefer to move the demolition vehicles and teams to the nearest subsite. 
The contractor actively plans the demolition activities to minimize 
transportation, aiming for a seamless flow without interruptions. Any 
pause in the demolition activity incurs additional expenses for the 
contractor. Thus, the contractor aims to spread the demolition activity 
over the contract period to avoid unnecessary labor expenses.

Furthermore, if the contract does not dictate a specific start date, the 
contractor prefers the warm season for the demolition activity. This 
choice is motivated by the desire for more favorable working conditions 
and increased employee productivity during warmer weather.

In the fourth scenario, the contractor formulates the demolition plan 
to minimize transportation expenses based on the distances between 
neighboring subsites, as outlined in Table 5. The resulting schedule is 
presented in Table 3, and the corresponding unit dust effect rates are 
provided in Table 4. Based on the defined demolition schedules, the total 
transportation distances are calculated as 28.7 km, 32.7 km, 31.4 km, 
and 20.6 km for scenarios 1, 2, 3, and 4, respectively. The contractor 
aims to minimize the total vehicle transportation distance in the city 
center, with the minimum value set at 20.6 km. The dust effect map for 
this scenario is shown in Fig. 13.

Fig. 12. Dust effect map of scenario 3.

Table 5 
Distance to neighbor subsite in meter.

Subsite B C D E F G H I

A 973 2270 1110 1770 2100 4800 4700 5600
B ​ 1385 2000 1550 1890 5100 4560 5100
C ​ ​ 3300 1740 2600 6125 4400 4000
D ​ ​ ​ 2150 3000 5300 4500 6000
E ​ ​ ​ ​ 3400 6600 3000 3900
F ​ ​ ​ ​ ​ 3500 6400 6500
G ​ ​ ​ ​ ​ ​ 9600 9900
H ​ ​ ​ ​ ​ ​ ​ 2750
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9. Scenario 5

The fifth scenario is designed as the worst-case scenario, intended to 
illustrate the extent of mitigation of dust effects. In this scenario, the 
contract period is not predetermined, and the demolition schedule is 
established by selecting the maximum normalized dust effect rates for 
the demolition month of each subsite. Examination of Table 2 reveals 
that the maximum normalized dust effect rate for every subsite occurs in 
July. Consequently, the schedule for the fifth scenario straightforwardly 
involves demolishing all subsites in July, resulting in a mean unit dust 
effect rate of 0.59. It’s important to note that July is identified as the 
windiest month. Consequently, engaging in demolition activities during 
July leads to heightened dust concentrations in the air, rendering it the 
least favorable month for demolition. Despite this, the fifth scenario 

intentionally adopts this unfavorable condition to demonstrate the 
maximum potential dust impact, emphasizing the significance of miti
gation efforts in other scenarios. Figure 14 presents the corresponding 
dust effect map.

10. Discussion of results

Project management is crucial for demolition activities (Liu and Pun, 
2004). As there are many government regulations in place for demoli
tion contracts (Demolition Work Plan FOR), safety should be the top 
priority (Alipour-Bashary et al., 2021). A clean and well-regulated plan 
is necessary, as unexpected contract terminations can occur due to 
environmental and health concerns. For instance, a demolition project 
was halted due to its negative impact on the health of surrounding 

Fig. 13. Dust effect map of scenario 4.

Fig. 14. Dust effect map of scenario 5.
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residents (Chu, 2008). Such terminations can lead to additional costs for 
the government besides the environmental and social impacts.

In research conducted for the evaluation of the social sustainability 
of demolition (Yu et al., 2017), health and safety are evaluated as the 
third important issue even in terms of social impacts. Although activity 
time periods are directed by governmental regulations to mitigate the 
impact of noise pollution, there is no regulation for demolition sched
ules. A demolition schedule should be regulated by the government to 
mitigate the impact of dust exposure.

The impact of dust exposure (dust effect) resulting from building 
demolition is primarily influenced by wind characteristics and the 
vulnerability rates of the site. The definition of unit dust effect rates for 
demolition subsites enables a comparative analysis among subsites and 
demolition months. Consequently, it becomes possible to compose de
molition schedules with known interrelated unit dust effect rates.

In order to showcase the mitigation of the impact of dust exposure, 
five distinct demolition schedules are devised as summarized in Table 6. 
The first schedule prioritizes achieving the absolute minimum unit dust 
effect, while the second and third aim for optimal unit dust effect uti
lizing different objective functions. The fourth schedule is constructed 
with a focus on contractor expediency, neglecting pollution concerns. 
Lastly, the fifth schedule, representing the worst-case scenario, is 
created to assess the effectiveness of the other demolition schedules.

The first schedule indeed results in the expected minimum unit dust 
effect rate. However, implementing this schedule requires the contractor 
to have a sufficient number of teams to complete the demolition. 
Moreover, the overall contract amount is anticipated to be higher due to 
nonuniform demolition activity or mandatory breaks defined in the 

schedule.
In an effort to reduce the contract amount by implementing a uni

form demolition activity, the second and third demolition schedules are 
proposed. These schedules satisfy the uniformity of the demolition ac
tivity, but spreading the demolition over the contract period with a 
constant number of teams leadding. Based on the optimality equations 
of 2 & 3, an optimal solution can converge to the average unit dust effect 
of the first schedule, which is the absolute minimum dust effect case. The 
second and third schedules utilize different objective functions as seen in 
Table 6. Therefore, the average unit dust effects of scenarios 2 and 3 are 
not the same but close to scenario 1. Nevertheless, compared to an un
scheduled demolition activity (fourth schedule) where the contractor is 
not obliged to adhere to any specific schedule, the second and third 
schedules achieve optimal unit dust effect rates, resulting in 8% and 
13% reduction in dust effect, respectively.

For comparison purposes, a hypothetical worst-case scenario is 
constructed, although it is not realistic to carry out. The comparison 
reveals a significant difference in unit dust effect rates. The fifth scenario 
is 40% worse than the third scenario and even 48% worse than the first 
scenario, underscoring the importance of adopting effective demolition 
schedules to mitigate impact of atmospheric concentrations of delete
rious particles.

11. Conclusions

While it’s crucial to choose the appropriate contractor for demolition 
projects (Dowdell, 2016), government regulations should clearly define 
the guidelines. Currently, contractors are not required to adhere to a 
specific schedule outlined by government regulations. This omission can 
lead to unforeseen circumstances (Chu, 2008), such as contract cancel
lations and environmental damage. Therefore, it’s imperative to estab
lish a methodology for defining demolition schedules that result in 
cleaner and less hazardous demolitions.

In the present study, a pioneering demolition scheduling methodol
ogy is introduced to reduce the impact of dust on humans and the 
environment. The methodology integrates a dust dispersion model and 
AHP. The dust dispersion model delineates the region under dust 
exposure and quantifies the dust concentration in that defined area, 
while vulnerability rates are determined through AHP analysis. By 
multiplying exposure rates with vulnerability rates, dust effect rates are 
computed for the entire site. However, given the variable nature of wind 
characteristics throughout the year and the differing vulnerabilities of 
buildings, the demolition region is subdivided into subsites, and the year 
is segmented into demolition time periods. This process involves 
determining dust effect rates for each subsite and time period, resulting 
in a matrix that guides the scheduling of the demolition activity.

To demonstrate the applicability of this methodology, 
Kahramanmaraş, a city in Türkiye with over 10,000 buildings scheduled 
for demolition due to a recent destructive earthquake, is used as a case 
study. Nine subsites in the city center were selected, assuming an equal 
time for the demolition of each subsite (one month). The analysis is 
performed for each subsite and each month, resulting in a matrix of dust 
effect rates (Table 2). Five different schedules are devised using this 
matrix. The first schedule aims for the absolute minimum dust effect rate 
by planning the demolition of each subsite during its minimum dust 
effect month throughout the year. The second schedule achieves optimal 
minimum dust effect rates by imposing a constraint that only one subsite 
could be demolished per month. The third schedule is composed to focus 
on the importance of the objective function used for scheduling. In the 
fourth schedule, the assumption is made that the contractor has no 
obligation to follow a specific schedule, allowing for a plan focused on 
minimizing expenses for the contractor’s convenience. The fifth 
schedule is designed as a worst-case scenario for comparative analysis, 
although it lacks practicality.

It is essential to note that the defined schedules are unique to the 
selected site, and variations may occur for the same site by altering the 

Table 6 
Differences and similarities of scenarios.

Scenario Contract 
Details

Government 
Need

Optimality 
Equation

Freedom 
Level of 
Contractor

Mean 
Value 
of 
Dust 
Effect

1 Schedule is 
defined in 
contract

Absolute 
minimum 
dust effect

Eq. (11) Contractor 
is not 
allowed to 
select the 
demolition 
period for 
any sub-site

0.4

2 Schedule is 
defined in 
contract

Optimal 
minimum 
dust effect

Eq. (12) Contractor 
is not 
allowed to 
select the 
demolition 
period for 
any sub-site

0.44

3 Schedule is 
defined in 
contract

Optimal 
minimum 
dust effect

Eq. (13) Contractor 
is not 
allowed to 
select the 
demolition 
period for 
any sub-site

0.42

4 Scheduling 
is not 
defined in 
contract

No 
constraint

N/A Contractor 
has freedom 
of selection 
of 
demolition 
periods for 
sub-sites

0.48

5 Schedule is 
defined in 
contract

Fictious (N/ 
A)

Fictious 
(N/A)

Contractor 
is not 
allowed to 
select the 
demolition 
period for 
any sub-site

0.59
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number of sub-sites and the designated time period. Based on the 
analysis and defined assumptions, it is observed that, although the third 
schedule is 5% worse than the first schedule (which defines the absolute 
minimum dust effect), it mitigates the dust effect by 13% compared to 
the fourth schedule. In comparison to the worst-case scenario, the first 
three scenarios achieve a 32%, 29%, and 25% reduction in dust effect, 
respectively. Even though the worst scenario is not realistic, the sub
stantial difference highlights the efficiency of the proposed 
methodology.
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