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Health-sector Promotion of Mitigation
One of the curiosities of the construction industry in the Caribbean is the leading role played by the health sector in promoting safer construction for all buildings, not only for health-care facilities.  The Ministers of Health of CARICOM
 and The Pan American Health Organization (PAHO)
 have been pro-active in this field during the past two decades.

PAHO maintains an Emergency Preparedness and Disaster Relief Coordination Program (PED) with regional offices in Barbados, Costa Rica and Ecuador.  These offices are controlled from PAHO’s headquarters in Washington.

Twenty-two years ago the Caribbean Uniform Building Code project (CUBiC) was brought about at the direction of the Ministers of Health of CARICOM.  Seventeen years ago PAHO promoted and provided financial support for vulnerability assessments of existing health-care facilities in the Eastern Caribbean.  PAHO continues to sponsor such surveys.  PAHO has also gone further by sponsoring the retrofitting of existing facilities, by sponsoring reconstruction (with mitigation) of facilities damaged by natural hazard events and by sponsoring independent reviews of designs of new facilities.  Lastly, PAHO sponsors workshops for the construction industry in the Caribbean.

The need for attention to be paid to the earthquake resistance of hospitals in The Caribbean and Latin America is manifest.  The main tectonic plates and fault lines of the region are illustrated in Photo 1.

Institutional Facilities
In most cities, health-care facilities operate in normal times with little or no spare capacity.  In the aftermath of a major earthquake the times are certainly not normal.  In any large city the likelihood of mass casualties in the wake of a severe earthquake is great.  In such circumstances it is vital that the health-care facilities operate at close to optimum efficiency.  Too often hospitals are part of the problem in disasters, not part of the solution.  This situation is often amplified, since emergency management agencies rarely assume that the hospitals will not operate at full efficiency after the hazardous event.

During the 1971
 earthquake in San Fernando (California) the most dangerous place to be was in a hospital.  About 85% of the deaths in that event happened in hospitals.  During the 1997
 earthquake in Cariaco (Venezuela) the most dangerous place to be was in a school.  About 65% of the deaths in that event happened in schools (Photos 2 & 3).  (Schools are another class of institutional building which suffers unreasonably during earthquakes.  We do not seem to treat hospitals and schools any differently than other less-critical buildings.)

Changing the Paradigm
The conventional and traditional approach to earthquake-resistant design is to resist minor earthquakes without damage, to resist moderate earthquakes without structural damage (but tolerating non-structural damage) and to resist major earthquakes without collapse.  In other words, emphasis is placed on saving lives, not on saving facilities.  This is no longer satisfactory for hospitals and other health-care facilities.

There is a growing feeling that there must also be a greater effort to protect property.  This ground-swell of opinion comes from two quarters:

· The insurance industry is unhappy about the large sums which must be paid out to repair or rebuild properties following devastating earthquakes.  These are often buildings which satisfied the design philosophy inherent in current standards, ie the occupants were not killed or injured although the building may have been severely damaged.

· The users of critical facilities are unhappy that those facilities cannot be used fully or efficiently or (in some cases) cannot be used at all when they are most needed.

There are two aspects that must be addressed in the new, proposed paradigm for health-care facilities:

· The improved performance of non-structural components;

· The mitigation of damage to load-bearing structures through the use of response-reducing devices.

Non-structural Components
For existing facilities, we can and should address the issue of non-structural components (Photo 4 shows the principal non-structural components found in buildings).  In new facilities the problem is readily solved at the design stage at modest cost.  In modern hospitals those elements not part of the principal load-resisting system account for approximately 80% of the cost.  Traditionally structural engineers are not consciously and directly involved with these elements.  Architects, electrical and mechanical engineers are usually responsible for them.  These disciplines do not focus on earthquake resistance.  In most cases the relevant persons are by no means equipped for the task of providing earthquake-resistant components.

Examples of non-structural components in hospitals (Photo 4) include: suspended ceilings (Photo 5); electrical and communications systems; storage cabinets (Photo 6); light fixtures; heating, ventilating and airconditioning equipment; medical plumbing (gases and vacuum); other plumbing (Photo 7); envelope cladding; doors; partitions; furniture and moveable equipment (Photo 8).

What is required is nothing less than a reorganisation of the design team for hospitals.  Structural engineers must be consciously involved in “non-structural” components since architects are unable or unwilling to attend to their security in earthquakes.  This would require a corresponding reallocation or redistribution of fees among the various parties in the design team.

The Main Load-bearing Structure
Earthquake forces are resisted by the absorption of energy.  Traditionally this has been achieved by the plastic yielding of chosen components of the main structure.  In a few instances the design aim is to resist the earthquake forces in the elastic range of the whole of the structure.  This is a very expensive approach indeed and can be afforded for only the most critical facilities such as nuclear power installations.  The plastic yielding of a structural component is, by most definitions, the “failure” of that component.  There is at least some loss of utility and more usually the critical loss of utility.

Another route must be taken.  That route could follow the paths of energy isolation and energy dissipation by devices other than the main structure.

Energy isolating and dissipating devices are no longer untried.  Many successful installations have been completed in several countries.  New Zealand is in the forefront of these approaches to earthquake resistance with more than 20 years of successful experience with base isolation.  In the non-seismic field, isolation from manmade ground motions has been employed for generations.  The Royal Festival Hall on the South Bank of the River Thames in London incorporated base isolation devices because of the nearby railways when it was constructed for The Festival of Britain in 1951.

Here in the Caribbean the lead may well be taken by the French islands of Martinique and Guadeloupe.  M Frank Hubert, an architect in Martinique, has been promoting the idea some years and there are indications that his repeated message is bearing fruit.

In Central America and Mexico such devices have been employed in the retrofitting of existing health-care facilities as well as in new construction (see below).  These devices protect buildings by limiting the energy entry at source (eg base isolation) or by providing energy-dissipating devices in the superstructure.  By so doing it becomes feasible to move the goalposts with respect to performance expectations.  With base isolation, the earthquake forces reaching the building are sufficiently reduced that it becomes feasible and economical to design the main structure to remain within the elastic range during most earthquakes.

Photo 9 shows the headquarters of the Social Security
 system in Mexico City being retrofitted with energy absorbers (A group of 6 energy absorbers can be seen in the background.).  A close-up of one of the devices is shown in Photo 10.  An interesting example of the external installation of energy absorbers in shown in Photo 11, a maternity hospital in Mexico City, where trussed buttresses are connected to the original building through energy absorbers.  A close-up of the device is shown in Photo 12.  In this application there was minimum disruption to the operations of the facility during retrofitting.

Concluding Comments
The aim is to design health-care facilities so that they function with little degradation in efficiency in times of major earthquakes.  This is not Utopia.  This is a readily achievable goal.  What is required is a determination on the part of those who commission the design of hospitals and those who administer hospitals to achieve success.

Earthquakes are not natural disasters, they are natural events which sometimes lead to man-made disasters.  Let us not be fatalistic.  Let us not regard destruction by earthquakes as "acts of God".  In these days of widespread technological education, sophisticated research and reliable building materials, earthquakes should not lead to disasters.
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�Director/Consultant, Consulting Engineers Partnership Ltd, with activities principally in the Caribbean.  Eng Gibbs is based in Barbados.


�CARICOM is the acronym for The Caribbean Community, a grouping of Commonwealth Caribbean countries (mostly former colonies of Great Britain)


�PAHO is The World Health Organization (WHO) in the Caribbean and Latin America.  Because  PAHO preceded the birth of WHO, they were allowed to retain their original name.


�09 February 1971 - San Fernando is close to Los Angeles.


�09 July 1997 - Cariaco is on the north-east coast of Venezuela, close to the historically-active El Pilar fault.


�Most of the hospitals in Mexico are operated by Social Security.





1

