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Hurricanes in the Caribbean
In recent times in the Caribbean there has been a heightened awareness of the damage potential of hurricanes.  Such damage is done both by wind and by water.  Damage by the wind can be either direct (ie due to wind pressures acting on the structures) or indirect, as in the case of flying debris impacting on vulnerable structures such as glazed windows.

The pattern in recent times has been a reduction of deaths and injuries (because of better warning systems and other preparedness activities) and an increase in property damage (because of commercially-driven unsuitable building practices and locations).

Anyone who actually experiences a major hurricane, especially during daylight hours, would realise how inadequate and sterile are wind-loading standards.  A quotation from Professor Joseph Minor, modified by Tony Gibbs, puts it this way:

"The real environment in a hurricane consists of strong, turbulent, winds (sustained for many hours), that change slowly in direction as the storm passes, and carry large amounts of debris while accompanied by torrential rains."
Hurricane straps and other wind-resistant devices should be tested recognising the characteristics of repeated, dynamic and fluctuating loads in such events.

During the past twenty-five years there have been several memorable hurricanes in the Caribbean.  These events repeatedly illustrated the effects of such storms on buildings and other structures.  They include Hurricane David in the Commonwealth of Dominica and the Dominican Republic in 1979; Hurricane Gilbert in Jamaica and Mexico (Cancun, Yucatan) in 1988; Hurricane Hugo in Dominica, Guadeloupe, Montserrat, Antigua, St Kitts, Nevis and The Virgin Islands in 1989; Hurricane Andrew in Cat Cay in the Bahamas in 1992;  Hurricane Luis in Antigua and Sint Maarten / St Martin and Hurricane Marilyn in St Thomas in 1995, Georges in Antigua-Barbuda and StKitts-Nevis, Floyd in The Bahamas, Lenny in the north-east Caribbean.
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Damage due to Hurricane Winds
The main types of damage to buildings and structures experienced in Caribbean hurricanes are:

Foundations

The uplift forces from hurricane winds can sometimes pull buildings completely out of the ground.  In contrast to designing for gravity loads, the lighter the building the larger (or heavier) the foundation needs to be in hurricane-resistant design.  Anchoring buildings to their foundations is critical for lightweight structures.

Structural Frames
A common misconception is that the loss of cladding relieves the loads from building frameworks.  There are common circumstances where the opposite is the case and where the wind loads on the structural frame increase substantially with the loss of cladding.

Usually the weakness in structural frames is in the connections.

Masonry Houses
These are usually regarded as being safe in hurricanes.  There are countless examples where the loss of roofs has triggered the total destruction of un-reinforced masonry walls.

Timber Houses
The key to safe construction of timber houses is in the connection details.  The inherent vulnerability of light-weight timber houses, coupled with poor connections, is a dangerous combination which has often led to disaster.

Rafters

Of particular interest in recent hurricanes was the longitudinal splitting of rafters with the top halves disappearing and leaving the bottom halves in place.  The splitting would propagate from holes drilled horizontally through the rafters to receive holding-down steel rods.
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Prevention of Damage
Hurricanes are not natural disasters, they are natural events which sometimes lead to manmade disasters.  In these days of widespread technological education, sophisticated research, reliable building materials, computer-based geographical information systems and satellite-assisted warning programmes, hurricanes in the Caribbean should not lead to disasters.

One of the first steps which must be taken by the construction industry is the use of appropriate standards addressing the effects of wind on buildings.

Apart from formal and mandated standards, the most effective influence on the improvement of the security of buildings against hurricanes can be wielded by the general insurance industry.  Insurance companies have a vested interest in this subject and could provide a strong incentive for the improvement of standards of design and construction.

Most insurance companies provide hurricane cover at the same rates for most buildings, irrespective of their relative abilities to withstand natural hazards.  In this system "Peter pays for Paul".  Graduated premiums, based on design type, materials and quality of construction would be a meaningful step in the right direction.  There is some evidence that Caribbean insurance companies are moving in this direction.

So what can be done for new construction as well as for the large existing stock of buildings?  Quite a lot.  Listed below, in very general terms, are some issues which should be addressed for new construction and then for the strengthening of existing buildings.

Location

The location of the building is important.  We often have little choice in the matter, perhaps because of financial constraints.  It is as well, therefore, to recognise when a building is being located in a more vulnerable area.  The rational response would be to build a stronger-than-normal house.  Such vulnerable areas include open-ended valleys, which act as funnels for the wind, and exposed hill crests.  Both conditions lead to acceleration of wind speeds with the corresponding increase in damage potential.  This situation should be taken into account in assessing the need for retrofitting and in determining the extent of the retrofit.

Shape


We do have control over the shape of new buildings and shape is the most important single factor in determining the performance of buildings in hurricanes.  Simple, compact, symmetrical shapes are best.  The square plan is better than the rectangle.  The rectangle is better than the L-shaped plan.  This is not to say that all buildings must be square.  But it is to say that one must be aware of the implications of design decisions and take appropriate action to counter negative features.

Even more important than plan shape is roof geometry.  For lightweight roofs it is best that they be of hipped shape (sloping in all four directions, usually), steeply pitched (30 to 40 degrees), with little or no overhangs at the eaves (with parapets if possible) and with ridge ventilators where these are practicable.

These characteristics should be taken into account in assessing the need for retrofitting and in determining the extent of the retrofit.

Materials

The strengths of materials are important characteristics as would be expected.  Durability is equally important, especially in the corrosive environments prevalent in coastal situations which are commonplace in all Caribbean islands.

Forces


Although the determination of wind forces on buildings is not a precise exercise, it is nevertheless desirable to use the information in standards documents such as CUBiC and BNS CP28 to get better approximations of the forces and the patterns of forces than mere guesswork can provide.

Connection Details
The famous German architect, Mies van der Rohe, used to preach to his students that "God is in the details".  For anti-hurricane construction this could be rewritten "God is in the connections".  It is imperative that all the components of a building envelope be securely interconnected.

Retrofitting

We must address the huge stock of existing buildings.  Any improvement is worthwhile.  It won't be easy (it may not even be possible) to protect many existing buildings from major damage in another David, Gilbert, Hugo or Andrew.  But all hurricanes are not great ones.  The more severe the event the less frequent its occurrence.  Conversely, the less strong the hurricane the greater the likelihood of it visiting any particular community.  Small improvements would be needed more frequently than major strengthening so, at least, a start should be made with the small things.

Add to and improve the connections of lightweight roofs to purlins, purlins to rafters and rafters to walls; invest in storm shutters; add bolts to external doors; increase the connections of door and window frames to walls; pay attention to the maintenance of buildings.

Costs


The good news is that using hurricane straps is affordable to all building owners.
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Reinforced Concrete and Steel Frames
The detailing requirements for reinforced concrete and steel frames for wind resistance are essentially the same as for gravity loads except, of course, for the directions of the loads and the corresponding distributions of moments, shears and direct forces.  Therefore, nothing further will be said here about this issue.
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Masonry
Masonry, whether load-bearing or not, located on the exterior of buildings must be detailed so as to resist in-plane forces and forces transferred to the wall by the building as a whole and by the direct wind forces normal to the surface of the wall.  The latter forces should be catered for by horizontal and vertical reinforcement obtained from a rational analysis of the wall panel.

In several countries (including South Florida) the practice is to secure wall panels by means of stiffeners (or columns) placed at intervals around the perimeter of the building.  It is very easy to demonstrate by analysis that this is often an unsatisfactory solution to the problem.  The proof of this is the many unreinforced wall panels that are damaged and destroyed in major hurricanes even when surrounded by stiffeners and belt beams.
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Timber Structure
The important issue here is the adequate connection of each timber component to the adjacent structural components, whether timber or not.  In this regard the use of metal hurricane straps is to be recommended at all times.
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