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Establishing a risk assessment model for building demolition sites
using AHP
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Abstract Owing to various safety accidents during the demolition work of a building, the permit holder's
pre-construction safety inspection was made mandatory, and the authority to take measures, such as the
suspension of construction, was strengthened when violations of the demolition site were found. On the
other hand, a quantitative and objective evaluation system for the safety of a site has not been
established because most of the risk assessments at demolition sites thus far have been conducted
qualitatively. Therefore, this study aims to improve safety by establishing a risk assessment model that
can monitor high-risk sites in advance by deriving the importance of risk factor items during the
demolition work of the building site. The relative importance of risk factors and determined priorities
was measured using the AHP method divided into five major and 12 middle categories. The weight of
'the importance of structure safety, reinforcement work' and 'the importance of demolition method of
construction, method, and equipment used' was high in the major category, and 'the complexity and
specialty of structure reinforcement work' were the most important factors in the middle category. This
paper presents a model that can evaluate the building risk of demolition sites using these weights. The
'Building Demolition Work Site Risk Assessment Model' constructed in this study will enable proactive
monitoring of high-risk sites and help improve the safety of demolition work sites using it for priority
selection of the site inspection.
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2. O|2™ =t Table 1. Demolition, Dismantling, and Reorganization

Work the Current Status of Death Accidents

2.1 ELH ?jg%‘ IHBH |_6_:|§+ Sort(y) Construction [ Demolition, dismantling, and

DR industry reorganization work
ALY AxA 2ol A 4] 5 Aot} AFGA} 2020 310 2407.5%
9] =7} Wol WSt Q= Aot} A lgHollA 2019 348 16(4.6%)
TrESH AAA ] B ESH 1o maw I SsuzE AA 2018 366 24(6.6%)
9, 11 Fo|Ax= AA-3iA- A2 ZFIAPTA 2= Table 2017 433 30(6.9%)
13 Zorf, A48 AR Bt 6.9%S AA5k 2010 o 7649
9]}, Counting 1,908 131

2016W% 8 2020870 ARY] A 2= BE e 382 26659
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Table 2. Current Status of Death Accidents in Building Demolition Work 2019-2021

Damage

No Accident date Accidents overview Cause of the accident
Death Injury

Failure to prepare demolition
plans and implement safety 1 0
measures such as supports

Damaged person as floor slab collapses while

1 |April 30, 2021(Fri) refuelling excavator

During the reinforcement of the steel beam at the site

of the renovation of the house, it collapsed without

enduring the load on the roof, and the injured person
was laid down

2 |April 4, 2021(Sun.) Demolition plan not prepared 2 2

During the demolition of the lower block wall of the

fet h lab and
February 27, |floor slab on the second basement floor of the existing Safety measures such as slab an

3 2021(Sat.) building at the site of the extension work, the slab block W.all slupportt ;{vere not 1 1
collapsed and the victims were laid down mplemente
4 November 6, |During the block wall waste cleanup work, the block|Pre-investigation and demolition 1 0
2020(Fri.) wall fell and the injured person was laid down plan not completed
November 6, During the demolition of the mechanical equl'pr.nent Pre-investigation and demolition
5 . tank, part of the tank wall collapsed and the injured 1 0
2020(Fri.) B plan not completed
person was laid down
Aueust 6 During the demolition of the building wall at the site
6 ZOZgO(ThuY) of the improvement of the office space, the building| Demolition plan not prepared 1 0

fell and the injured person was laid down

During excavator operation, the tidal wall was struck
7 |July 17, 2020(Fri.) | and the tidal wall collapsed, resulting in the worker | Demolition plan not prepared 1 0
being laid down

During the demolition of the internal structure wall at

N ber 17,
ovember 17 the remodeling site, the upper structure wall fell and| Demolition plan not prepared 2 0

2019(Sun.) the injured person was laid down
July 10 During the demolition of the interior partition wall of
9 uy o the building, the injured person was laid on the falling] Demolition plan not prepared 1 0
2019(Wed.) wall

(BA: ARATH, AATAPSOY Quick Message, 2019~20219 A%E FANATAL AFFAL A, 59, 2021.)[10]
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Forming a hierarchy by analyzing the
Istage |—{relationship between decision problems and
decision factors
4
A pairwise comparison matrix is obtained
2stage | |for each layer through pairwise comparison
of decision elements within each layer
4
1 Calculating the relative importance of
3stage decision elements within each hierarchy
from a pairwise comparison matrix
4
Prioritize the relative importance of the
4stage . .
elements obtained for each tier

Fig. 2. AHP Analysis Process
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Table 3. Derivation of Risk Factors for Demolition Construction Site

Step

Large category(16)

Medium category(21)

Preparation in
advance

Survey of the building's
surroundings

Whether or not adjacent buildings and surrounding facilities are affected

Underground burials adjacent to the demolition site

Pre-survey of underground buildings

Investigation of bsdldings
Subject to Demolition

Purpose of the target building, materials and strength used, ground characteristics,
load conditions, structure form, presence or absence of design drawings, etc

Investigation of hazardous
substances and environmental
pollution

Asbestos investigation, presence or absence of hazardous substances, etc

Movement,
demolition,
protection, etc. of
building facilities

Action Plan for Underground
Installations

Buried materials that are likely to be affected by demolition work

Equipment movement plan

Use of demolition work for demolition construction

Temporary facility installation
plan

Temporary soundproof walls and safety facilities such as conduction, collapse, and

fall

Operation
sequence,
demolition
method of
construction, and
structure safety
plan

Order of work, etc

Process flow chart, demolition procedure, etc

Demolition method

Comprehensive consideration of construction size and location of target buildings

Structure safety plan

Ground building — plans for loading and transporting remnants, etc

Underground building — stability against earth pressure, water pressure and other
loads, etc

Attach structure safety review report

Marking required points - Prior to the commencement of the demolition of the
finishing materials, before the removal of the roof, before the start of the middle
floor demolition, and before the start of the underground floor demolition

Structure reinforcement plan

In cases where the results of the demolition method and structure safety review
exceed the allowable load of the building, the method of reinforcing the building
subject to demolition, etc

Safety management of
demolition workers

Control of access due to the fall of remnants of demolition, etc

Safety
management
measures, etc

Safety management of adjacent
buildings

Suggestion of safety measures according to risk factors at each stage of demolition
work, etc

Safety management of
surrounding traffic and
pedestrians

Road situation drawings, etc. around the construction site

Environment

Management of noise,
vibration, etc

Establishment of measures to reduce noise, vibration and scattering dust

management plan,
etc

Demolition disposal plan

Plan for fulfillment of obligations of waste discharger, etc

Site clearance

Whether or not demolished waste and residues are found on the entire site, etc
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Table 4. Selection of Risk Factor Items for Demolition Construction Site

Large category

Medium category

Content

Appropriateness of work
characteristics and

- Work in a high place or in a deep depth
- Conditions where limited equipment operation is inevitable, such as a small

A-1 . X . workspace
construction period according N X L. ..
o K - Construction period that is insufficient compared to the method of
to building size R L
construction and method of demolition, etc
()
Buildings subject A2 Building form and structure | - Demolition in an unusual or special structure form
to demolition form - Demolition of structure projections adjacent to building lines, etc
. * Restrictions on the operation and method of demolition equipment due to
Mechanical performance X .
A-3 R o mechanical performance degradation
degradation of buildings , i R g
- Widespread deterioration and damage to structures due to fire, old age, etc
- Impact of adjacent buildings in the event of vibration, fall of remnants, rain,
etc. during construction
B-1 Buildings adjacent to the site | - Impact of underground buried installations and buildings due to the entry and
of demolition work, etc exit of demolition equipment, etc
- Impact of old buildings, underground installations, buildings, retaining walls,
etc. in the radius of excavation impact
()
Conditions .
. . . - Current status of roads and traffic within the expected range of operation of
around the site Nearby pedestrians, vehicles ) . . .
L . . construction vehicles, fall of remnants
of demolition | B-2 and public facilities(stop, . e s .
. - Current status of public facilities within the scope of damage from falling
work subway stations, etc.) S .
remnants and building conduction, etc
. . - Geographic factors such as strong winds in coastal areas, urban building
Geographic and climate .
o o winds, and soft ground areas
B-3 | characteristics of demolition K . N i X
. . - Climate factors such as winter, hot weather, rainy season, thawing season,
construction site ) . -
typhoons, etc. during construction period, etc
c1 Form of temporary facilities | - Restrictions on the form of temporary facilities(external scaffolding, earth
and construction method barrier, etc.), installation method, method of construction, etc
©
Temporar .
facﬁitiesy - Workers fall during installation and dismantling of scaffolding facilities and
Installation and dismantling of| conduction of temporary facilities
C-2 J . - . .
temporary facilities - Status of old buildings within the scope of vibration, etc. of installation and
removal of dirt barriers(H-pile drawing, etc.)
- Application of new method of construction and method, building demolition
Complexity and specificity of | and new construction work
D-1 demolition methods and - Specification of demolition equipment(working radius), use, working
D) equipment used conditions and operation(order and method)
Demolition - Method of disposal(transportation) of debris from demolition, etc
method of
construction, - Whether or not to utilize the embankment and the impact of the building
method, and Collapse, conduction, etc. of (pressure of the soil, etc.)
equipment used D-2 residual structures according | - Stability of residual structures according to the order and direction of

to method of construction,
order, and direction

demolition by member

- Stability against soil pressure, water pressure, and other loads of the

remaining underground structures, etc

()]
Structure safety,
reinforcement
work

Complexity and specificity of

- Plan to secure the safety of structures by demolition stage

E-1 structure safety review - Standards for load management of remnants and demolition equipment
conditions operation sections, etc
- Difficulty in installing reinforcement materials such as jack support(type,
B2 Complexity and speciality of method, location, etc.)

structure reinforcement work

Method, etc. of installation of temporary facilities, etc. for supporting
underground floor dirt block, etc
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Table 6. AHP Survey Results: Large Category
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Fig. 3. Risk Assessment Hierarchy
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Table 5. Expert Survey Respondents Status

Sort . Pr}vat.e . p1t1b11.c University | Sum
institution institution
Structure 6 2 - 8
Construction- 4 4 2 10
Safety
Ground-
Foundation 6 1 7
Sum 16 7 2 25

Large category Importance | Rank
(A) Buildings subject to demolition 0.15642 3
B) Conditions‘a-round the site of 0.14712 4
demolition work
(C) Provisional facilities 0.13322 5
(D) Demolition methoq of construction, 0.27609 2
method, and equipment used
(F) structure safety, reinforcement work | 0.28716 1
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Table 7. AHP Survey Results by Field of Expertise: Large Category

Structure Construction-Safety Ground: Foundation Difference in
Large X Rank difference
importance .
category Importance Rank Importance Rank Importance Rank (max-min) (max-min)
A 0.15985 3 0.15766 3 0.14373 5 0.01612 2
B 0.12166 4 0.14649 4 0.17714 4 0.05548 0
C 0.10277 5 0.11951 5 0.20059 3 0.09782 2
D 0.26920 2 0.29729 1 0.24272 1 0.05457 1
E 0.34653 1 0.27906 2 0.23582 2 0.11071 1

Table 8. Category AHP Survey

Results by Job Experience: Large Category

Private institution Public institution University Difference in
Large X Rank difference
importance .
category Importance Rank Importance Rank Importance Rank (max-min) (max-min)
A 0.15164 3 0.16009 3 0.15133 0.00876 1
B 0.14011 5 0.14360 4 0.20531 3 0.06520 2
C 0.14222 4 0.11806 5 0.10343 5 0.03879 1
D 0.24322 2 0.37757 1 0.20637 2 0.17120 1
E 0.32282 1 0.20068 2 0.33356 1 0.13288 1
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Table 9. AHP Survey Results: Medium Category
Medium category
Large category Part All
Contents
Importance Rank Importance Rank
A-1 0.2649 3 0.04144 11
A A-2 0.3565 2 0.05575 9
A-3 0.3786 1 0.05922 8
B-1 0.4037 2 0.05938 7
B B-2 0.4216 1 0.06202 6
B-3 0.1747 3 0.02571 12
c C-1 0.4136 2 0.05509 10
C-2 0.5865 1 0.07813 5
b D-1 0.3371 2 0.09306 3
D-2 0.6629 1 0.18303 2
e E-1 0.3065 2 0.08802 4
E-2 0.6935 1 0.19914 1
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Table 10. AHP Survey Results by Field of Expertise: Medium Category

Large Medium Structure Construction-Safety Ground' Foundation D'ifference in . Rank
importance difference
category Catizzony Importance Rank Importance Rank Importance Rank (max-min) (max-min)
A-1 0.04188 10 0.05522 8 0.02393 12 0.03129 4
A A-2 0.04587 9 0.05484 9 0.06287 6 0.01700 3
A-3 0.07210 5 0.04760 11 0.05694 8 0.02450 6
B-1 0.05280 7 0.06271 7 0.05882 7 0.00991 0
B B-2 0.04705 8 0.06398 6 0.07617 4 0.02912 4
B-3 0.02181 12 0.01980 12 0.04215 11 0.02235 1
C C-1 0.03670 11 0.06917 5 0.05278 10 0.03247 6
C-2 0.06607 6 0.05034 10 0.14780 3 0.09746 7
b D-1 0.07502 4 0.12352 3 0.07315 5 0.05037 2
D-2 0.19418 2 0.17377 1 0.16958 2 0.02460 1
B E-1 0.10133 3 0.10657 4 0.05384 9 0.05273 6
E-2 0.24520 1 0.17249 2 0.18198 1 0.07271 1
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Table 11. AHP Survey Results by Job Experience: Medium Category

Large Medium Private institution Public institution University D.ifference in . Rank
importance difference
category Category Importance Rank Importance Rank Importance Rank (iangesscngiia) {nezscimaiin)
A-1 0.02934 11 0.06143 7 0.08086 5 0.05125 6
A A-2 0.05151 10 0.05901 8 0.04213 10 0.01688 2
A-3 0.07078 6 0.03966 10 0.02834 11 0.04244 5
B-1 0.05701 9 0.06175 6 0.05686 6 0.00474 3
B B-2 0.05937 8 0.05262 9 0.12383 3 0.07121 6
B-3 0.02373 12 0.02923 12 0.02462 12 0.00550 0
c C-1 0.06376 7 0.03729 11 0.05172 7 0.02647 4
C-2 0.07846 5 0.08078 3 0.05172 7 0.02906 2
D D-1 0.10361 3 0.07350 4 0.05159 9 0.05202 6
D-2 0.13961 2 0.30407 1 0.15477 2 0.16446 1
E E-1 0.09188 4 0.07328 5 0.09670 4 0.02342 1
E-2 0.23094 1 0.12740 2 0.23686 1 0.00592 1
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Table 12. Risk Assessment Model for Building Demolition Construction Site(Example)

Risk assessment Importance assessment
Assessment item Possibility Significant Dangerousness Cor%version score Weighted telluziion

(frequency a) (intensity b) (axb=c) . o=+ Wulocre O_f (e) seore

items x 9) x 100]=d (dxe)
Importance Assessment Score(count) 64

A. 27 100 0.157 15.7
A-1. 3 3 9 100 0.042 4.2
A-2. 3 3 9 100 0.056 5.6
A-3. 3 3 9 100 0.059 5.9

B. 12 44.4 0.147 6.6
B-1. 2 2 4 44.4 0.059 2.6
B-2. 2 2 4 44.4 0.062 2.8
B-3. 2 2 4 44.4 0.026 1.2

C. 2 11.1 0.133 1.5
C-1. 1 1 1 11.1 0.055 0.6
C-2. 1 1 1 11.1 0.078 0.9

D. 18 100 0.276 27.6
D-1. 3 3 9 100 0.093 9.3
D-2. 3 3 9 100 0.183 18.3

E. 8 44.4 0.287 12.7
E-1. 2 2 4 44.4 0.088 3.9
E-2. 2 2 4 44.4 0.199 8.8
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