Prevention and Mitigation of the Disaster Management for High Rise Buildings by Using RII Method: Kolhapur City
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ABSTRACT
Introduction: Accidents as an unplanned and unexpected occurrence, which upsets a planned sequence of work; are resulting to loss of production, injury to personnel, damage to plant and equipment and eventually interrupting production flow. The construction industry is a highly hazardous industry and comprises of a wide variety of activities. A disaster is the product of a hazard such as earthquake, flood or storm coinciding with a vulnerable situation, which might include communities, cities or villages. Prevention is better than cure. Disaster prevention is the first and foremost thing one can do. Be prepared according to the natural disasters that may occur according to the locality area. During the months of July and August 2019, Sangli and Kolhapur districts in Krishna sub basins experienced extreme floods for long durations. Heavy losses to life, property and crops etc.  Had been reported. In this research Disaster Management questionnaire will be prepare by authors for Employee of the construction sites of Kolhapur City for high-rise buildings. The study describes the analysis of research data collected during interviews with engineers/ Employee of the sites.
Keywords: Disaster, High‑Rise, RII, Panchaganga Basin, Kolhapur Floods, Mitigation.

INTRODUCTION
The construction industry is a highly hazardous industry and comprises of a wide variety of activities. By implication it also attracts a range of employees who have different levels of skills. Fostering a sustainable safety culture, however, is a company-wide effort that requires commitment and participation from the chief executive to project managers, superintendents, foremen and individual workers on the job site. 2 That commitment should extend to the selection of subcontractors who also embrace a strong safety mindset and work ethic. [2]
Disaster Management, Disasters are seen as the effect of hazards on vulnerable areas. Hazards that occur in areas with low vulnerability do not result in a disaster. Depending on the intensity and severity of the disaster the normal needs and processes are badly affected and deteriorated. [19]
Importance of a Disaster Management Plan
Hazard identification and Risk assessment is done to handle natural disasters such as floods, cyclones, landslides etc., as well as Man Made Disasters. . [4] This Disaster Management Plan is designed as per the present need and the major strategies to respond to any unexpected situation have also been considered. In the multi-hazard mitigation plan, all the disasters will be handled properly following the given procedure. The main features of the Disaster Management Plan are:
· It gives importance to all the disasters equally and helps to mitigate the situation beforehand. .[5]
· All the line authorities are assigned with their proper role and responsibilities, which are clearly indicated in this plan.[9]
Risk Assessment and Vulnerability Analysis
Without Vulnerability there is no disaster. The process of Risk assessment starts with the assessment of potential disasters through a combination of hazards mapping and vulnerability analysis. The project encompasses the lives of a large number of people. It also involves installation of various structures that meet the comfort and needs of population but may also pose the serious threat to the occupant in case of accident.


Steps Involved In Disaster Management
1) Prevention: Prevention activities Aims to reduce the probability of disaster occurrence through measures meant to avoid adverse effect
2) Mitigation: Minimizing or reducing the impacts of disaster mitigation measures include building codes, vulnerability analyses updates, zoning and land use management, building use regulations and safety codes, preventive health care, public awareness and education.
3) Preparedness: We have prepared the emergency plan. Emergency exercises we will be carried out during construction & operation phase; like warning systems mock drills, and training
4) Response: Efforts to minimize the hazards created by a disaster i.e. rescue, emergency relief, medication.

REVIEW OF LITERATURE
Apurva Pamidimukkala et al. (2020) highlight that catastrophic events within recent decades are straining construction projects—prompting the identification of 11 key challenges via an extensive review of 100+ scholarly sources. By applying corresponding mitigation strategies, their study offers decision-makers clear guidance on resource allocation post-disaster to boost productivity and curtail disruption. Massoud Mutmaeen et al. (2021) frame disasters as sudden, unforeseen, and destructive events that defy precise prediction. Given their unpredictable nature, they emphasize holistic preparedness—knowing the community, identifying risks, building response teams, ensuring rapid access to critical information, updating procedures, and regular testing. This underscores that while disasters can’t be prevented, systematic preparedness can significantly alleviate their impact. Soltani et al. (2016) examine how age influences disaster awareness. While their results diverged from previous findings—indicating that older individuals (nurses, in their case) exhibited higher disaster knowledge—the discrepancy may stem from differing survey instruments and scopes. Still, this points to experience-related knowledge gains in disaster management contexts. Aronsson‑Storrier et al. (2017) link disaster management with international human rights obligations, specifically sanitation. They argue that states must ensure sanitation access during disasters. Incorporating such human rights perspectives into disaster planning not only enhances accountability but deepens preparedness and strengthens resilience in crisis situations. Nor Syahirah Azman et al. (2019) apply the RII technique within Malaysia’s Industrialised Building System (IBS) context. Surveying 109 quality factors, they pinpointed equipment and technology as top priorities (RII = 0.684). This validates RII’s usefulness in systematically ranking critical issues for targeted improvements via stakeholder feedback. Similarly, studies in Ghana on occupational hazards (e.g. ergonomic risks) and in Thailand for delay risk identification leverage RII as a powerful prioritization tool  Mirahadi et al. (2017) explore the integration of smart systems in high‑rise buildings—specifically elevator dispatch algorithms and occupant evacuation elevators augmented by AI-driven agent-based modeling. Their proposed Smart Disaster Management System (SDMS) demonstrates how technology can dynamically optimize evacuation strategies, reflecting a shift toward cyber-physical approaches in disaster-ready architecture.
Summary and Gap Identification
Prevention is better than cure. Disaster prevention is the first and foremost thing one can do. Be prepared according to the natural disasters that may occur according to the locality area. Know the hazards in your area and know the risk. The information about natural hazards, their occurrence and effect should be known according to the location, region, etc. Without Vulnerability there is no disaster. The process of Risk assessment starts with the assessment of potential disasters through a combination of hazards mapping and vulnerability analysis.
Objectives
1. To determine the elements influencing and create a flood Disaster Management questionnaire based on them. 
2. To determine the variables affecting flood disaster management for Kolhapur city using RII indexing.


METHODOLOGY
1. Study of Disaster
· Conduct a comprehensive literature review on disasters relevant to high-rise structures—floods to establish theoretical and practical foundations.
2. Classification of Disaster
· Categorize disasters into natural (e.g., floods) and human-induced (e.g., structural failures).
3. Identify Flood Disaster Area
· Use GIS and remote sensing tools to map flood susceptibility zones.
4. Site Selection
· Choose high-rise construction sites located in medium to very-high flood-susceptible zones based on spatial analysis.
5. Data Collection
· Secondary data: Maps, historical flood records, engineering reports, and existing flood-control documents.
· Primary data: Design surveys targeting professionals (engineers, site supervisors, safety officers) at selected high-rise projects.
6. Questionnaire Survey
· Develop structured questionnaire based on Relative Importance Index (RII) methodology to rank risk and mitigation factors—drawing from Pamidimukkala et al. (2020) and Azman et al. (2019) 
7. Data Analysis
· Compute RII for each risk and mitigation item; rank them to identify top concerns.
8. Results & Discussion
· Present RII-based rankings of critical disaster risks and effective mitigation strategies.

Kolhapur Flood
During the months of July and August 2019, Sangli and Kolhapur districts in Krishna sub basins experienced extreme floods for long durations. (Ref‑India Today Aug 7, 2019) Heavy losses to life, property and crops etc.  Had been reported.  Different opinions at various levels were put forth concerning these flood situations faced by Sangli and Kolhapur districts.  Floods of 2005 and 2006 were also noteworthy. (Ref‑The Hindu Aug 8, 2019) However, the 2019-2021 flood situations were comparatively much more severe which lasted more than a week and losses experienced were also on a higher scale. (Ref‑Wikipedia 2021 Maharashtra floods)   Municipal audits revealed around 747 houses including newly constructed ones were declared structurally dangerous post-flood, prompting mandatory evacuations to avoid collapse-related injuries. In central Kolhapur such as Siddharth Nagar (Kasaba Bawada Road) newly built concrete homes in working-class areas were completely flattened or structurally compromised: only pillars or bent rebar remained after floodwaters receded, rendering them unlivable. (Ref‑science the wire Aug 22, 2019). Aerial images and on-the-ground reports show entire multistory buildings—including commercial properties and apartments—submerged up to or above the first floor; only rooftops remained visible in many areas (Ref – NDTV Aug 9, 2019)

RESULTS AND DISCUSSION
Questionnaire Survey.
Natural calamities that may damage Site
Table 1 possibilities natural calamities
	According to your opinion what are the possibilities of following natural calamities that may damage your Site
	Relative Importance Index (RII) 

	Sr No
	Answer
	1
	2
	3
	4
	5
	ΣW
	A
	N
	RII

	1
	Flood
	2
	1
	2
	11
	13
	119
	5
	29
	0.821

	2
	Earthquake
	2
	3
	0
	15
	9
	113
	5
	29
	0.779

	3
	Thundering and Heavy Rains
	2
	1
	3
	5
	18
	123
	5
	29
	0.848

	4
	Fire
	2
	1
	3
	10
	13
	118
	5
	29
	0.814

	5
	Landslides
	2
	1
	3
	9
	14
	119
	5
	29
	0.821



According to the data, Thundering and Heavy Rains have the highest perceived risk with an RII of 0.848, indicating that it is considered the most significant threat. This is followed closely by Flood and Landslides, both with an RII of 0.821.
Flood Risk Awareness & Preparedness.
Table 6 Flood Risk Awareness & Preparedness
	  Flood Risk Awareness & Preparedness
	Relative Importance Index (RII) 

	Sr No
	Answer
	1
	2
	3
	4
	5
	ΣW
	A
	N
	RII

	1
	aware of workers/staff of flood risks in Kolhapur
	2
	1
	5
	11
	10
	113
	5
	29
	0.779

	2
	well-informed to the workers/staff about emergency procedures during floods
	2
	2
	4
	20
	1
	103
	5
	29
	0.710

	3
	flood drills or awareness programs conducted in your building
	2
	2
	2
	13
	10
	114
	5
	29
	0.786

	4
	prepared to evacuate in case of a flood emergency
	2
	1
	4
	12
	10
	114
	5
	29
	0.786


The highest RII values of 0.786 are observed for both the conducting of flood drills or awareness programs and preparedness to evacuate during a flood emergency, indicating strong emphasis on practical readiness. Awareness of flood risks among staff follows with an RII of 0.779, suggesting a generally good level of risk recognition.
Structural & Infrastructural Mitigation Measures
Table 7 Structural & Infrastructural Mitigation Measures
	Structural & Infrastructural Mitigation Measures
	Relative Importance Index (RII) 

	Sr No
	Answer
	1
	2
	3
	4
	5
	ΣW
	A
	N
	RII

	1
	building’s drainage system in preventing water accumulation
	2
	0
	7
	10
	10
	113
	5
	29
	0.779

	2
	basements and parking areas protected against flooding
	2
	0
	5
	18
	4
	109
	5
	29
	0.752

	3
	flood barriers or sealing systems installed at critical entry points
	2
	0
	7
	11
	9
	112
	5
	29
	0.772

	4
	building drainage or sump systems maintained or inspected
	2
	0
	6
	11
	10
	114
	5
	29
	0.786

	5
	building been designed to prevent floodwater ingress
	2
	0
	5
	11
	11
	116
	5
	29
	0.800


The highest RII of 0.800 is associated with the building’s design to prevent floodwater ingress, highlighting its critical role in long-term flood protection. This is followed by the maintenance or inspection of building drainage or sump systems (RII 0.786).

During-Construction Flood Mitigation Measures
Table 8 During-Construction Flood Mitigation Measures
	DURING-CONSTRUCTION FLOOD MITIGATION MEASURES
	Relative Importance Index (RII) 

	Sr No
	Answer
	1
	2
	3
	4
	5
	ΣW
	A
	N
	RII

	1
	Temporary drainage systems at the construction site
	2
	0
	4
	11
	12
	118
	5
	29
	0.814

	2
	materials and equipment protected from flooding
	2
	0
	4
	17
	6
	112
	5
	29
	0.772

	3
	weather conditions monitored to anticipate flooding
	2
	0
	8
	9
	10
	112
	5
	29
	0.772

	4
	bunds, trenches, or dewatering systems installed during construction
	2
	0
	9
	4
	14
	115
	5
	29
	0.793

	5
	floodwater diverted from foundations and basement levels
	2
	0
	5
	11
	11
	116
	5
	29
	0.800


The highest RII of 0.814 is attributed to temporary drainage systems at the construction site, emphasizing the critical need to manage surface water during construction phases. Closely following are measures to divert floodwater from foundations and basement levels (RII 0.800)
Coordination and Management
Table 9 Coordination and Management
	Coordination And Management
	Relative Importance Index (RII) 

	Sr No
	Answer
	1
	2
	3
	4
	5
	ΣW
	A
	N
	RII

	1
	project team follow a flood emergency action plan during rains
	2
	0
	6
	8
	13
	117
	5
	29
	0.807

	2
	coordination of stakeholders (contractors, workers, consultants) on flood prevention
	2
	1
	6
	16
	4
	106
	5
	29
	0.731

	3
	availability of pumping equipment for floodwater removal
	2
	1
	3
	13
	10
	115
	5
	29
	0.793

	4
	regularly inspections done to ensure flood safety compliance during construction
	2
	0
	6
	11
	10
	114
	5
	29
	0.786

	5
	site prepared for sudden flash flooding or heavy monsoon rains
	2
	0
	6
	9
	12
	116
	5
	29
	0.800


Above Results show that there is a marginal decrease in Compressive strength after acid attack test on specimen of The highest RII of 0.807 corresponds to the project team following a flood emergency action plan during rains, indicating that procedural readiness is a top priority. This is followed closely by site preparedness for sudden flash flooding or heavy monsoon rains (RII 0.800)

CONCLUSION
· The findings reveal that while Kolhapur’s high-rise buildings exhibit a commendable level of preparedness—particularly in areas such as emergency power supply, building design to prevent flood ingress, and adherence to flood emergency action plans—some aspects still require strategic improvement. Lower RII scores in communication of emergency procedures, stakeholder coordination, and accessibility for emergency services highlight gaps that could compromise response efficiency during disaster events.
· The application of the RII method proved effective in quantifying the perceived importance of various disaster management factors, enabling data-driven prioritization. The results underscore the need for an integrated approach that combines engineering solutions, regular maintenance, stakeholder training, and real-time coordination to build a resilient infrastructure framework.
· In conclusion, this thesis contributes valuable insights into disaster risk reduction for vertical urban development in flood-prone regions. By systematically applying the RII methodology, the study provides a replicable model for assessing and improving disaster resilience in high-rise structures, which is crucial for safeguarding lives, property, and urban functionality in Kolhapur and similar contexts.
RECOMMENDATIONS
Based on the findings of this study and the specific flood-related risks in Kolhapur, the following recommendations are proposed to enhance disaster resilience, particularly for high-rise buildings.
1. Strengthen Early Warning and Communication Systems
0. Establish real-time weather monitoring systems integrated with municipal alerts.
0. Use mobile alerts, PA systems, and building intercoms to promptly inform residents and staff.
1. Enhance Structural and Infrastructural Defenses
1. Mandate elevated plinth levels and install backflow prevention valves in new constructions.
1. Retrofit older buildings with flood-resistant materials and watertight doors for basements.
1. Improve On-Site Emergency Preparedness
2. Equip buildings with emergency kits, including portable power supplies, food, water, flashlights, and first-aid.
1. Strengthen Coordination During Construction Phase
3. Enforce temporary flood protection measures like bunds, dewatering pumps, and material storage elevation.
3. Require project teams to follow a site-specific flood emergency action plan during monsoon seasons.
3. Ensure stakeholder coordination (contractors, consultants, labor) through regular safety briefings.
1. Post-Flood Recovery and Monitoring
4. Create a standardized post-flood inspection checklist for structural integrity and system restoration.
4. Use GIS mapping and flood history to plan future zoning, building permits, and infrastructure upgrades.
1. Policy and Regulation Improvements
5. Kolhapur Municipal Corporation should update building codes to include flood resilience measures for high-rises.
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