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Abstract—Demolition needs special attention because the 

planning process is complex and has a high risk. In decision 

making, practitioners face various conditions that influence the 

choice of demolition methods. This study aims to develop an 

optimal model for building demolition methods based on the 

building characteristics. Identification of criteria was conducted 

in in-depth literature review and interviews with practitioners 

who have carried out demolition in Indonesia. The five criteria 

used in this study were structural characteristics, field 

conditions, costs, previous experience and time. Furthermore, 

Multiclass and Multi-label Classification were used to make the 

optimum demolition method decisions. For model validation, 27 

story buildings in Indonesia were used as case studies. The 

simulation results show that the proposed model can make 

decisions on the selection of demolition methods with an 

accuracy of 89.3%. In addition to being able to provide an 

optimum decision on demolition methods, this model can also 

provide an estimate of the possible impacts of the selected 

demolition method. 

Keywords—demolition, building, impact demolition, expert 

system, multiclass and multilabel classification 

I. INTRODUCTION  

Demolition or deconstruction needs special attention. 
Because, if the results of this stage are reused or recycle, they 
can reduce pollution, save energy and reduce environmental 
pollution and preserve natural resources [1]. Demolition needs 
to be conducted for the structures that experience conditions 
such as, affected by disasters, changes in the function of 
buildings, reconstruction of cities [2], rapid economic 
development [3], serviced age issues permitted [4] and 
property damage [5]. Demolition is often misunderstood when 
it is considered as breaking down structures and lifting debris 
to the landfill. This assumption is wrong since the planning 
process for completing demolition projects is far and complex. 
Thus, the demolition practitioner must be an expert in 
estimating risks and considering strict regulations to avoid 
environmental and social damage.  

The characteristics that change demolition criteria from 
one demolition project to another drive the selection of 
demolition methods to be very risky and time consuming for 
practitioners [6]. The right choice of demolition method is 
very important because demolition will have a serious impact 
and safety, recycle of materials and components and costs [7]. 
Over the past few years, many studies have developed models 
for demolition construction [6]. This leads to the need for a 

mechanism that allows practitioners to make quick decisions 
aided by a system.  

Expert system is investigated to be used as a decision-
making approach in the demolition construction industry.  The 
expert system is developed to imitate the human decision-
making ability as expert in this field that can provide more 
understood suggestions and explanations. The Expert System 
approach includes using the Supervised Machine Learning 
Classification. Classification is a technique for predicting in 
which category the data should be located. Classification can 
determine the class of a target variable (dependent variable) 
based on one or more variables that affect predictions 
(independent variables). In particular, there are Multi-class 
and Multi-label Classification which function to group 
Input/variable elements into one of three classes/groups or 
more.  

Therefore, this study proposes the use of a Multi-class 
model and Multi-label Classification from the Expert System 
to obtain a model decision making for the selection of 
demolition methods. It is expected that this model can be used 
by practitioners to overcome problems from previous 
methods. This study aims to obtain criteria that influence 
practitioners’ decisions in selecting demolition methods and 
obtain appropriate demolition methods with the proposed 
models and their impacts. Therefore, it is expected that the 
results of the research obtained will be more realistic in 
accordance with the conditions experienced by practitioners 
and can significantly influence the decision-making process 
that will be carried out. 

II. LITERATURE REVIEW 

The characteristics that change demolition criteria from 
one demolition project to another drive the selection of 
demolition methods to be very risky and time consuming for 
practitioners. Previous studies tried to obtain criteria that 
influence the choice of optimal building demolition methods. 
Criteria that affect the structural characteristics are the shape 
and size of structures, unstable structures, extent of 
demolition, scale of construction, previous building use, 
health and safety [2, 4, 6, 8-13]. Whereas in terms of field 
conditions, there is a level of disturbance permitted, the 
presence of hazardous materials, environmental risks and the 
location of the structure [2, 4, 8, 9, 11-14].  In addition, there 
are costs that must be safe and financially feasible [6, 9, 10, 
13-15] and prior experience is needed  as seen from the limits 
given by the client, structural engineer needs resources, 
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transportation considerations [4, 6, 9, 11-14]. Meanwhile, in 
term of time, demolition in general must be conducted as 
quickly as possible [6, 8, 9, 10, 13, 15], and the value of the 
materials to be recycled will be higher and better [6, 9, 10, 
14, 15]  

The choice of demolition method is very important 
because it will have a serious impact and safety, recycle of 
materials and components and costs. Previous studies also 
tried to find out what methods can be conducted in building 
demolition. Demolition using hands can be conducted using 
diamond disc cutter, hand hammer and diamond wire saw 
[16]. Demolition can be done by using a machine that can be 
controlled remotely, a machine with a high range, a tower 
with application of high-reach cranes, mechanical, hydraulic 
and using drilling and sawing [4, 17-19]. Furthermore, 
demolition can be done by using chemical substance, 
explosives, bursting and hot cutting [2, 4, 18-20]. In addition, 
demolition can be done by using high pressure water drainage 
[18]. 

Furthermore, there were few studies that tried to find the 
effects of demolition or deconstruction. The environmental 
impacts from demolition include accumulation of debris, air 
pollution, soil pollution, water pollution and energy use and 
fuel consumption [5, 21-25]. Meanwhile, the economic 
impacts of demolition include energy and material costs, 
equipment and labor rates, reduction of hazardous materials, 
value of material that can be saved and tax exemption [5, 21, 
22]. In addition, the social impacts of demolition consist of 
public health, workplace security, noise and job creation and 
community involvement [5, 21, 22, 26] 

Over the past few years, many studies have developed 
models for demolition construction [5, 6, 27]. In addition, the 
recent approach related to demolition shows that time 
planning methods and influential resource scheduling are 
carried out just like previous experiences. The main 
disadvantage is that the planning method applied can only 
count to a certain level of detail with a limited number of 
activities [13]. Therefore, a very high computational effort is 
needed to enable practitioners to make quick decisions. 

III. METHODOLOGY 

In this study, interviews and questionnaire surveys were 
conducted to obtain information from demolition 
practitioners. 

A. Criteria that Influence Practitioner’s Decisions in the 

Selection of the Demolition Method 

In the demolition process, the decision that must be 
decided by practitioners is to determine the right and optimal 
demolition method. The influencing criteria have been 
obtained from previous research, while interviews were 
conducted with the experts who are experts in demolition in 
Indonesia to obtain relevant and irrelevant criteria. Data 
analysis uses a relevance index with a relevance rating 
between 1 and 5, where 1 represents irrelevant and 5 is very 
relevant. 

B. Data Collection 

The data collection process was carried out by distributing 
questionnaires to practitioners who had carried out demolition 
in Indonesia. The purpose of this questionnaire is to obtain 
information about conditions that are in accordance with the 

input and output needed in the development of the model. 
Afterwards, the collected data is divided into two categories, 
the first data is used as a training model and the second data is 
used as model validation. 

C. Model Validation 

Model validation was conducted by applying the model to 
demolition construction projects, especially buildings, then 
calculating the model’s accuracy or model feasibility and 
discussing the results of the model. This validation can be 
conducted using the match-not-match method. The data used 
in validation is testing data that is different from the data used 
as training in modeling. Therefore, the validity of the resulting 
model can be truly measurable. 

IV. RESULTS & ANALYSIS CONCLUSION 

A. Characteristics of Respondents 

Respondents were those who had demolished buildings in 
Indonesia.  

B. Criteria for the Final Model 

There were 20 criteria including the impact therein which 
had an influence on practitioners’ decisions in choosing the 
demolition method. Afterwards, the questionnaire was 
distributed, and the results were analyzed using a validity test 
and reliability test. The results of the questionnaire are shown 
in Table I. Cronbach Alpha coefficients for building 
characteristics and impacts are 0.84 and 0.69 which are above 
0.6 and therefore, samples have good reliability 

TABLE I. LIST OF CRITERIA CONSIDERED FOR THE SELECTION OF THE 

DEMOLITION METHOD BY PRACTITIONERS 

No Criteria That Affect the Selection 

of the Demolition Method 

R 

Count 

R 

Table 

Conclusion 

1 shape and size of the structure 0.651 0.311 Valid 

2 structural stability 0.608 0.311 Valid 

3 extent of demolition 0.467 0.311 Valid 

4 scale of construction 0.672 0.311 Valid 

5 health and safety 0.342 0.311 Valid 

6 the level of interference allowed 0.613 0.311 Valid 

7 presence of hazardous materials 0.754 0.311 Valid 

8 environmental considerations 0.577 0.311 Valid 

9 location and/or accessibility 0.625 0.311 Valid 

10 cost considerations 0.628 0.311 Valid 

11 restrictions given by the client 0.720 0.311 Valid 

12 Structural Engineer requirement 0.715 0.311 Valid 

13 resources (equipment and factories)  0.362 0.311 Valid 

14 time consideration 0.361 0.311 Valid 

15 air pollution 0.715 0.311 Valid 

16 energy use and fuel consumption 0.638 0.311 Valid 

17 energy and material costs 0.569 0.311 Valid 

18 location and/or accessibility 0.679 0.311 Valid 

19 workplace safety 0.510 0.311 Valid 

20 noise 0.449 0.311 Valid 

 

C. Estimation of the Demolition Method Selection Model 

In developing the model, the input model used is the 14 
building characteristics and 6 impacts obtained from the 
previous stage as shown in Fig. 1. Meanwhile, the modeling 
was processed using Multi-class and Multi-label 
Classification. The structure of the model developed is shown 
in Fig. 2. Multi-class and Multi-label Classification to 
PYTHON software consists of 14 building characteristics and 
6 impacts inputs with each input is categorized. 
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Fig. 1. Estimation of the Demolition Method Selection Model 

 
Fig 2.  Estimation of the Demolition Method Selection Model Using Multi-

class and Multi-label Classification 
 

D. Model Implementation 

By applying the model to the actual data, validation and 

accuracy of the model was known to obtain the right and 

optimal demolition method. The actual data was the result of 

the demolition process carried out by Practitioners in 

Indonesia; in this case, the result indicated the method used 

at that time. The results of the implementation of the 9 actual 

data models are shown in Table II and Table III below. he 

results of model in determining the demolition method have 

an accuracy of 89.3%. The results of model in determining 

the demolition impact have an accuracy of 98.3%. 

TABLE II. RESULTS OF MODEL IMPLEMENTATION FOR DEMOLITION 

METHOD 

No. Actual 

Condition 

Model’s 

output 

Training 

Accuracy 

Model 

Accuracy 

24 M2, M7, M9 M2, M7, M9 100% 86% 

17 M2, M9 M2, M9 100% 90% 

12 M1, M2, M7, 

M9, M13 

M1, M2, 

M7, M9, 

M13 

100% 81% 

10 M1, M2, M9, 
M10 

M1, M2, 
M9, M10 

100% 95% 

13 M2, M4, M6, 

M9, M12 

M2, M4, 

M6, M9, 
M12 

100% 95% 

4 M1, M2, M7, 

M8, M9 

M1, M2, 

M7, M8, M9 

100% 95% 

19 M1, M2, M9, 
M10 

M1, M2, 
M9, M10 

100% 86% 

3 M1, M2 M1, M2 100% 86% 

1 M2 M2 100% 90% 

 Mean 100% 89.3% 

TABLE III. RESULTS OF MODEL IMPLEMENTATION FOR DEMOLITION 

IMPACT 

No. Actual 

Condition 

Model’s 

output 

Training 

Accuracy 

Model 

Accuracy 

79 i1 (4) i1 (4) 95% 95% 

12 i2 (5) i2 (5) 100% 100% 

54 i3 (4) i3 (4) 93% 95% 

58 i4 (4) i4 (4) 100% 100% 

87 i5 (5) i5 (5) 100% 100% 

5 i6 (5) i6 (5) 95% 100% 

 Mean 97.2% 98.3% 

 

E. Study Case 

The model application in the X building demolition 

project case study was used to predict the optimal demolition 

method selection using the multi-class and multi-label 

classification stage and model validation. Inputs were 

retrieved from two data sources, namely primary data through 

questionnaires and secondary data (historical) in the form of 

data from the Project. The results of testing the data on the 

actual data are presented in Table IV and Table V. 

TABLE IV. MODEL TEST RESULTS FOR ACTUAL DATA 

No. Actual 

Condition 

Model’s 

output 

Testing 

Accuracy 

Model 

Accuracy 

18 M1, M2, M9 M2, M9 93% 95% 

 

TABLE V. MODEL TEST RESULTS FOR ACTUAL DATA 

No. Actual 

Condition 

Model’s 

output 

Testing 

Accuracy 

Model 

Accuracy 

84 i1 (4) i1 (4) 95% 95% 

82 i2 (4) i2 (4) 100% 100% 

50 i3 (4) i3 (4) 93% 95% 

14 i4 (4) i4 (4) 100% 100% 

3 i5 (5) i5 (5) 100% 100% 

48 i6 (5) i6 (5) 95% 100% 

 

The simulation results generate a method that can be used 

to do demolition. M1 is a demolition method using a diamond 

disc cutter, M2 uses a hand hammer and M9 uses mechanical 

(non-hydraulic). The error rate of multi-class and multi-label 

classification predictions in the choice of the demolition 

method is 5% -10% and the accuracy of the prediction model 

is 90% -95%. The simulation results on the impact show that 

air pollution produced (i1) is moderate (4), energy use and 

fuel consumption (i2) are efficient (4), energy and material 

costs (i3) are not large (4), equipment and labor tariffs (i4) 

are not large (4), workplace security (i5) is very safe (5) and 

noise (i6) is not disturbed (5). The error rate of multi-class 

and multi-label classification predictions in the choice of the 

demolition impact is 0%-5% and the accuracy of the 

prediction model is 95% -100%. 

 

V. CONCLUSION 

Based on data analysis, it was found that the main criteria 

affecting practitioners in choosing demolition methods were 

structural characteristics, field conditions, costs, prior 

experience and the speed at which demolition was carried out. 

While the main impacts arising from demolition were 

environmental impacts, economic impacts and social 
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impacts. The demolition method selection model proposed in 

this study pays attention to five main criteria with fourteen 

input characteristics of buildings to be demolished. Inputs are 

structure shape and size, structural stability, extent of 

demolition and scale of construction, safety, level of 

disturbance permitted, presence of hazardous materials, 

environmental considerations, location and/or accessibility, 

costs, client specifications, structural engineer approval, 

availability of resources, and time considerations. The 

environmental impacts include air pollution and energy and 

fuel use; the economic impacts include equipment and labor 

and energy and material costs, and social impacts include 

workplace security and noise. The model has an accuracy 

value of 90-95% in determining the decision to choose the 

demolition method and an accuracy of 95% -100% in 

determining the impact that might arise due to demolition. 
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