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Examining non-structural retrofitting status of teaching hospitals in Kerman against disasters
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Abstract

Background and objective: Continuous services provision of a hospital before and after a disaster is one of the
most prominent issues that all people, especially the authorities must take into huge consideration. Concerning
the experiences of previous earthquakes, the role and importance of nonstructural components becomes
increasingly clear in the uninterrupted services of hospitals. In this study, non-structural retrofitting status of
Kerman teaching hospitals was evaluated against natural disasters.

Methods: This cross-sectional study was carried out in the second half of 2014 on the teaching hospitals in
Kerman (Iran). The study population consisted of all Kerman teaching hospitals. The research instrument was
World Health Organization/Pan American Health Organization (WHO/PAHO) standard checklist. Data analysis
was carried out using descriptive statistics through SPSS 19.

Results: One hospital had a low retrofitting level, two hospitals had an average level and one had a high level. In
the examined hospitals in this study, the medical gas section had the lowest preparedness against natural
disasters, while the office, warehouse and furniture section had the highest resistance. Generally, the non-
structural retrofitting status was 50% in one hospital and was between 65% and 85% in other hospitals.
Conclusions: Generally, the retrofitting status of hospitals was not at the ideal condition, most hospitals were in
average condition. Concerning the high risk of hospitals in disasters, it is necessary that senior executives and
managers of Kerman Province and Kerman University of Medical Sciences take some measures to retrofit these
buildings and to reduce the risk of vulnerability.
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1. Introduction

Survival on earth, dealing with natural disasters and protecting life and property against these disasters have been
one of the greatest challenges in the history of mankind (1). Nowadays, accidents and disasters account for a large
part of the resources and programs of governments. Statistics represent a growing trend of events and accidents all
around the world. They impose huge casualties and financial losses on governments and nations every year (2).
According to the definition of the Emergency Disasters Data Base (EM-DAT), accidents and disasters are events of
which responding to, is beyond the existing capacities; to manage and control them, we need help from a place
outside of the disaster-stricken area (3). Iran, a developing country in Asia, is prone to various natural and man-
made disasters, and is considered as one of the most vulnerable countries in the world. Health is very important to
all sections involved in managing disasters and events, because the first and the most important concerns and
demands of people is health (2). Presence of health care centers is one of the basic needs of human societies at all
times, but even more so, during natural disasters such as volcanic eruptions, hurricanes, floods and earthquakes.
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Continuous service provision of a hospital before and after a disaster is one of the most prominent issues that all
people, especially the authorities must take into huge consideration. Concerning the experiences of previous
earthquakes, the role and importance of nonstructural components becomes increasingly clear in the uninterrupted
services of hospitals (4). According to its definition, non-structural components are all elements and contents inside
the buildings except for the structural parts including beams, columns, and floors and so on. Non-structural elements
are commonly found in ceilings, windows, office supplies, computers, shelves, drawers and objects inside them,
emergency power generators, liquid storage tanks, telecommunication equipment, health-treatment equipment and
tools, cooling-heating equipment, ventilation, furniture, lamps and chandeliers (1). After an earthquake, although the
appearance of a hospital might not be damaged seriously, it would be unable to provide good service due to the
damage to its nonstructural components. Owing to the importance of nonstructural components, it is vital and
economic to examine the vulnerability of these components and to take some measures to retrofit them. Based on the
issues proposed regarding the role of nonstructural components and their vulnerability, few studies have been
conducted in this area. Earthquake regulations have paid little attention to this issue, not only in Iran but also in
other countries (4). Previous experience has shown that even if the building is resistant against the earthquake, its
nonstructural components have high potential to impose serious damage to residents or to interfere with the function
of the building (2). Results of an Iranian study by Yeganeh et al. showed that the hospitals did not show proper
resistance in times of crisis (5). Another study conducted in Tehran hospitals showed that hospitals had an average
level concerning equipment, manpower, physical environment, related protocols and structure (6). Moreover, results
of a study carried out on border hospitals in Kermanshah Province suggested that although these hospitals had
adequate and desirable facilities and equipment, they were not prepared to face crises (7). According to the World
Health Organization, following the Bam Earthquake in 2003, all three public and private hospitals of Bam were
destroyed and other health centers were severely damaged (8). Since Kerman is considered a disaster-prone city in
Iran (9), it is necessary to conduct further studies in this area so as to help the victims during and after the disaster.
The present study aimed to assess the non-structural retrofitting status of Kerman hospitals.

2. Material and Methods

2.1. Study design and setting

The present study was of cross-sectional and descriptive type, and the statistical population consisted of Kerman
teaching hospitals. The study was conducted in 2014.

2.2. Instrument

The research tool was a World Health Organization/Pan American Health Organization (WHO/PAHO) standard
checklist of which validity and reliability was confirmed by the World Health Organization and Pan American
Health Organization (10). In this study, the Persian version of the World Health Organization standard checklist
validated by Ardalan et al. was used (11). This checklist assesses the vulnerability of hospitals in emergencies based
on structural and non-structural factors and functional power. In this study, only the items related to non-structural
components were used. This checklist was completed by the researcher in the second half of 2014 at four teaching
hospitals of Kerman and in 9 separate sections including electrical systems, communication systems, water supply
systems, fuel storage, medical gases (oxygen, nitrogen, etc.), heating and cooling systems and ventilation (HVAC),
office and furniture, medical equipment for diagnosis and treatment and architectural elements.

2.3. Statistical analysis

Information was entered into the IBM© SPSS© Statistics version 19 (IBMO Corp., Armonk, NY, USA) and its
numerical values were extracted. To analyze the data, descriptive statistics such as mean were used. In this
assessment, low, moderate and high safety levels were given 1, 2 and 3 points respectively. The items examined and
assessed in this study included 8 items in electrical systems, 7 in communication systems, 5 in water supply systems,
4 in fuel storage, 7 in medical gases (oxygen, nitrogen, etc.), 7 in heating and cooling systems and ventilation
(HVACQ), 3 in office and furniture, 12 in medical equipment for diagnosis and treatment and 18 in architectural
elements. These items were ranked from 1 for the lowest safety level to 3 for the highest safety level. Obtaining at
least one-half of the total scores was considered low retrofitting level, the score between one-half and two-thirds
represented average level, and score of more than two-thirds showed high level.

2.4. Ethical considerations

In order to comply with the ethical principles, the names of the hospitals were not mentioned in this study.
Therefore, every hospital was given a number. We also took the permission of Kerman University of Medical
Sciences and the affiliated hospitals to publish the study findings.
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3. Results

In four teaching hospitals affiliated to Kerman University of Medical Sciences, the non-structural retrofitting status
was examined in nine separate sections including electrical systems, communication systems, water supply systems,
fuel storage, medical gases (oxygen, nitrogen, etc.), heating and cooling systems and ventilation (HVAC), office and
furniture, medical equipment for diagnosis and treatment and architectural elements. Based on the results obtained,
on average, vital installations, including electrical systems 72%, communication system 65%, water supply system
65%, fuel storage 66% and medical gases 62% were resistant. The results also respected for other non-structural
components, (HVAC) 71%, Office and furniture 81%, medical equipment 63% and Architectural elements 74%.
Detailed results compare hospitals with each other, as shown in Table 1 and 2. As shown in these tables, the medical
gas section and office, furniture and warehouse section had the lowest and highest resistance to natural disasters
respectively. Generally, the non-structural retrofitting status was 50% (Low) in hospital No. 1, 81% (High) in
hospital No. 2, 67% (Mid) in hospital No. 3 and 79% (Mid) in hospital No. 4.

Table 1. Comparison of non-structural retrofitting of hospitals in natural disasters( vital installations)

Assessed Sectors (Vital Hospital Hospital Hospital Hospital Percent of ready
installations) No. 1 No. 2 No. 3 No. 4 hospitals
electrical system 12.5 21.7 18.8 16.3 72%
Retrofitting level Low High High Mid N/A
Communications system 13 17 13 6 65%
Retrofitting level Low High High Mid N/A
Water supply system 6 12 9 12 65%
Retrofitting level Low Mid Low Mid N/A
Fuel storage 6 11 8.8 6 66%
Retrofitting level Low High Mid Low N/A
Medical gases 10 13.2 12.5 17 62%
Retrofitting level Low Low Low Mid N/A
Overview retrofitting Vital 50% 80% 66% 70% N/A
installations

Retrofitting level Low High Mid Mid N/A

Table 2. Comparison of non-structural retrofitting of hospitals in natural disasters (Other non-structural

components)
Assessed Sectors (Other non- Hospital Hospital Hospital Hospital percent of ready
structural components) No. 1 No. 2 No. 3 No. 4 hospitals
HVAC system 12 20 9.9 18.5 71%
Retrofitting level Low High Low High N/A
Office and furniture 7.1 7.6 7.7 7 81%
Retrofitting level High High High High N/A
Medical Equipment 12.5 19.9 23.1 6.9 63%
Retrofitting level Low Mid Mid Low N/A
Architectural elements 21.7 46.3 36.8 46.3 74%
Retrofitting level Low High Mid High N/A
Overview retrofitting Vital 50% 82% 67% 90% N/A
installations
Retrofitting level Low High Mid High N/A

4. Discussion

Concerning the retrofitting status, the present study showed that one of the hospitals had undesirable condition, one
was relatively desirable and the others were in good conditions. A study conducted by Yeganeh et al. revealed that
the non-structural retrofitting status of Tehran hospitals was unfavorable (5). Ardalan et al. assessed the safety of
hospitals against disasters using self-assessment results of 224 hospitals; they reported that 54.5% of hospitals had
low safety status and the rest had average status. None of the hospitals had high safety status (12). Evaluating 45
hospitals in the Caribbean showed that only 2% of hospitals were in safe condition, 80% were in average condition
and 18% were in low safety condition (13). Zaboli et al. assessed the vulnerability of the organization and
management of a selected military hospital in Tehran. They reported that the non-structural retrofitting status was
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average (14). In their study, Rabeian et al. reported that the preparedness of Tehran teaching hospitals against
earthquake was average (15). In another study by CIliff et al. on preparedness level of American rural hospitals
against disasters and risk perception and cooperation in rural areas, it was shown that these hospitals had an average
preparedness level to deal with disasters (16). As mentioned above, the non-structural retrofitting status of Kerman
teaching hospitals was moderate to high; it was in line with the results of other studies. However, it should be noted
that, according to the weak chain theory, non-structural elements of a hospital are links of a chain, and weakness in
any of them may cause the entire system to fail (17). Therefore, the average safety level of non-structural
components cannot be an appropriate index of the vulnerability of a hospital. Thus, examining all non-structural
factors and predicting some guidelines to improve their performance level will be closer to reality.

In the present study, it was observed that 72% of hospitals were in good condition in terms of electrical systems.
Electrical systems must be designed in a way that cables at the main power station, specifically uninterruptible
power supplies don’t become damaged in disasters. For the passages leading to the vital parts of a hospital such as
operating rooms and intensive care units, hospitals must have special light passages which must be available in
times of crises. In the Northridge Earthquake in California (1994) which led to the evacuation of patients in 14
hospitals, the power outage was the main cause of hospital evacuation (18). In a study by Yeganeh et al., 43% of
hospitals were in undesirable conditions in terms of electrical systems (5), while Seyedin et al. reported that 83% of
hospitals had suitable electrical systems, and their results were in line with the results of the present study (19).
Ardalan et al. showed that only 41.31% of hospitals were in good condition in terms of electrical systems, and the
others were not in good condition; these results were inconsistent with the results of the present study (12). In their
study, Seyedin et al. demonstrated that, lack of a clear information strategy and absence of an official system for
registering crisis information at the local and provincial level was one of the main problems during a disaster (20).
In the present study, the status of communication systems was average to high except for one hospital; these results
were inconsistent with the results of studies conducted by Yeganeh et al. and Ardalan et al. (5, 12), but they were in
line with the results of a study by Seyedin et al (19). Generally, communication systems must be designed in a way
that they sustain minimal damage and continue working during disasters because the vital role of communication
cannot be ignored in times of crises. Internal and external communication systems of hospitals shouldn’t interfere
with each other; satellite phones should also be used in emergencies.

In the present study, it was observed that 65% of hospitals were in relatively good condition concerning water
supply systems, and none of the hospitals had ideal conditions in their water supply systems during the crisis. In a
study by Yeganeh at al. (5), 57% of the hospitals had desirable water supply systems; it was in line with the results
of the present study. However, Seyedin et al. reported that 83% of the hospitals had desirable water supply systems,
and their results were not in line with the results of the present study (19). The results of a study conducted by
Ardalan et al. which showed that only 35.3% of the hospitals were in good condition were inconsistent with the
results of this study (12). Concerning water supply systems, hospitals must estimate the amount of water they need
every day based on their consumption needs, the number of beds and type of existing expertise. They must also
provide the necessary tanks for emergencies. Hospitals should also predict water supply from other organizations
such as Water and Sewage Organization and the Department of Environment. Concerning fuel storage, 66% of
hospitals were in relatively good condition; generally, the studied hospitals had average to low condition. In a study
by Yeganeh at al., 57% of the hospitals had desirable fuel storage and fuel distribution conditions. Ardalan et al.
showed that 41.4% of the hospitals were in good condition, and their results were in line with the results of this
study (12, 5). However, Seyedin et al. reported that 83% of the hospitals had desirable conditions, and their results
were not in line with the results of the present study (19). Regarding fuel storage, it must be mentioned that most
heating facilities work with natural gas which can be disconnected during disasters. Thus, predicting dual-fuel
burners can be an appropriate measure to deal with gas cuts. If dual-fuel burners are used, safe and suitable places
must be designed to store gasoline. Tanks must be protected, should not be damaged, and must remain available in
times of crises. Another important point in the fuel supply system is to check fuel transfer pipes and fittings
continuously because a defect in the fuel transfer system during disasters may lead to explosions and thus
destruction of the hospital. Sixty-two percent of hospitals were in fairly good condition in terms of medical gases;
the results were inconsistent with the results of studies conducted by Yeganeh et al., Seyedin et al. and Ardalan et al
(5, 19, 12). In all study hospitals, there were central medical gas distribution systems which may lose their
effectiveness in times of crises. Thus, some portable tanks had been predicted for emergencies, but most of them
were not protected appropriately and were dangerous. Concerning heating-cooling systems and ventilation, 71% of
hospitals were in good condition; results were in line with the results of studies by Yeganeh and Seyedin (19, 5), but
they were inconsistent with the results of a study conducted by Ardalan (12). It must be noted that heating-cooling
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systems consist of separate parts all of which are prone to damages during disasters. Thus, necessary steps must be
taken to prevent the loss of these systems. Moreover, channels, air ducts, pipes and fittings must be visited
periodically. Concerning office, warehouse and furniture, 81% of hospitals were in good condition; results were in
line with the results of a study by Seyedin et al (19). Yeganeh et al. reported that 29% were in good condition, and
Ardalan et al. showed that 31.1% were in good condition. These results were inconsistent with the results of the
present study (12, 5). It must be noted that making use of standard computer tables can play an important role in
protecting computers and their different parts. Sixty-three percent of studied hospitals were in relatively good
condition in terms of medical equipment. In the medical equipment section, more measures must be taken for
equipment, especially capital equipment. It is necessary that shelves with medical contents be screwed onto the
walls to prevent them from falling. In a study by Arab et al on the preparedness level of hospitals affiliated to Iran
University of Medical Sciences and Health Services against earthquake, it was shown than 47% of the study
hospitals were in average condition concerning safety of equipment and dangerous materials (21). Ardalan et al.
reported that 33.1% of the hospitals were in average condition; these results were not in line with the results of the
present study (12).

Concerning architectural elements, 74% of hospitals were in desirable condition. Although architectural elements
may not be directly involved in providing services, their damages can disrupt access to the hospital. In a study by
Yeganeh et al., 86% of hospitals were in desirable condition, and Seyedin et al. reported that 94% of hospitals were
in good condition (19, 5). Ardalan et al. reported that 37.6% of the hospitals were in good condition; these results
were not in line with the results of the present study (12). Architectural components must have necessary strength so
that they do not hinder access to different parts of the hospital. Components such as partitions, plaster works, fences,
roof projections and false ceilings should all be fixed in a safe condition. Concerning fire protection systems, the
hospitals had only fire extinguishers, and only one hospital had access to the fire box. Since fire engines may not be
available to extinguish fires during a disaster, it is necessary to design high-pressure water posts for hospitals so as
to prevent damage. Smoke and fire detectors were in unsatisfactory conditions; therefore, some measures must be
taken to address this deficiency.

5. Conclusions

Iran is a developing country with imported technology; every year a huge amount of money is spent on importing
and maintaining such technology. Moreover, Iran is considered a disaster-prone country in terms of both natural and
man-made disasters. In sum, the overall assessment made of the non-structural retrofitting status of hospitals does
not show favorable conditions, and most hospitals are in average state. Concerning high risks of the study hospitals
against disasters, the practical implication of the study for the senior managers of Kerman Province and medical
universities is to take some measures to retrofit these buildings and to reduce the risk of vulnerability. For non-
structural components in vital installations, higher performance levels require a closer approach to assess the seismic
vulnerability and to develop appropriate retrofitting strategies. Using the experiences of other countries in dealing
with crises and disasters can greatly help to standardize non-structural components. For a hospital to continue
uninterruptedly in times of crisis, there are some guidelines and standards that hospitals should observe as much as
possible. These guidelines may cover the simplest issues to the technical and complex ones; their ultimate goal is to
increase hospital preparedness against crisis as well as to prevent serious damage to the hospital. Hospital
preparedness is not a simple commitment in any hospital. In preparation, a clear performance framework and a new
and specific program which encompasses details of internal and external responding systems is essential.
Conducting additional research in the field of non-structural retrofitting on teaching and non-teaching hospitals of
Iran, through random sampling, can be an appropriate direction for future research on this topic.
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