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1.
INTRODUCTIONtc \l1 "1.
INTRODUCTION
This paper is a supplement to the USAID/OAS funded Post Georges Disaster Mitigation Project, following Hurricane George, which in 1998 affected The Leeward Islands, Netherlands Antilles, Puerto Rico, Dominican Republic, Haiti and Cuba.

It contains specific reference to the recorded effects of Hurricane Keith on Regional Belize, in September 2000. Principally though, it attempts to capture the construction process, with particular focus on the design, approval and construction of small buildings in Belize, as well as the categories of damages, suffered and the strategies adopted in the reconstruction process thereafter.

It is hope that lessons learnt from this experience will be shared with the building fraternity of the Caribbean for the benefit of all.

This paper was first presented at a workshop for Building Inspectors for Antigua & Barbuda, and St. Kitts & Nevis, that was held in St. Johns, Antigua in January 2001.

2.
BELIZEtc \l1 "2.
BELIZE
Physical Features:
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Belize (formerly British Honduras) lies on the eastern or Caribbean coast of Central America, bounded on the north and part of the west by Mexico, and on the south and the remainder of the west by Guatemala. The inner coastal waters are shallow and are sheltered by the world’s second longest coral reef, dotted with Islets called 'Cayes', extending almost the entire length of the country.

There is a low coastal plain, much of it covered with mangrove swamp, but the land rises gradually towards the interior. The Maya Mountains and the Cockscomb Range form the backbone of the southern half of the country, the highest point being Doyle's Delight (1124 meters above sea level) in the Cockscomb Range. The Cayo District in the west includes the Mountain Pine Ridge, ranging from 305 to around 914 metres above sea level. The northern districts contain considerable areas of flat land. There are many rivers, some of them navigable for short distances by shallow-draught vessels. A large part of the mainland is forest.

The area of the mainland and Cayes is 8,867 square miles. The country's greatest length from north to south is 280 kilometres and its greatest width is 109 kilometres. The climate is subtropical, tempered by trade winds. Temperatures in coastal districts range from about 10C (50F) to about 35.6C (96F); inland the range is greater. Rainfall varies from an average of 1,295 millimetres in the north to 4,445 millimetres in the extreme south. The dry season usually extends from February to May and there is sometimes a dry spell in August.

Population:

The May 2000 Population and Housing Census showed a population of 240,204 — the main ethnic groups being Mestizo, Creole, Maya and Garifuna (Caribs). Other ethnic groups accounts for a small percentage of the population - viz: East Indian, German, Dutch and Mennonite. The ethnic groups, however, are heavily intermixed. The multi-racial make-up of the Belizean society includes Chinese and Arabs, and other ethnic groups.
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Languages:
English is the official language and the language of instruction in the schools. Spanish is also widely spoken. It is taught in primary and secondary schools in order to further develop bi-lingualism. 
In certain areas of the country, such as the Orange Walk and Corozal Districts in the north and the Cayo District in the west, the majority of the people speak Spanish as a mother tongue.

In the southern Districts of Stann Creek and Toledo, there are people whose first language is Garifuna or Maya.

The Capital:
The capital Belmopan was built in 1970. It is the seat of Government. Belmopan was created following extensive damage to the former capital Belize City, by Hurricane Hattie in 1961. Belmopan is situated inland between elevation 240 and 270 ft. amsl, practically in the geographic centre of the country, some 80 kilometers to the southwest of Belize City. Its population is increasing as more people, mainly government workers, continue to relocate to the new capital.

Industries:
The main industries are sugar, citrus, fisheries and bananas. Sugar accounts for more than 33.4% of the country's foreign exchange earnings. Because of the uncertain future of these traditional exports, major efforts are being made towards agricultural diversification. Industrial development is encouraged through a number of incentives which include the awarding by government of tax holidays and import duty exemption on inputs of up to a maximum of 25 years to qualifying companies. 

Belize is home to a number of growing enterprises which include, but not limited to, the manufacture of metal doors and windows, furniture, concrete blocks, bricks, clothing, boat building, soft drink bottling, brewing, cigarette manufacture, tyre recapping, the production of flour and animal feed, wire and paper products, an agricultural fertilizer plant, matches, plywood and other wood products, a meat packing plant, food processing operations and the manufacture of rolled steel bars for the construction industry and a host of other manufacturing activities.

3.
LAND ACQUISITIONtc \l2 "3.
LAND ACQUISITION
The first step in the process of building construction is the acquisition of suitable land and the zoning of urban areas is the determining factor on general residential locations.

In Belize, the Land Utilization Authority (LUA) is the agency responsible for the approval of sub-divisions, land access and general standards for lotifications. In recent years, the LUA has been very effective in enforcing minimum standards and even produced a guideline document. For Village or Municipal expansion, land is obtained by application to the local authority. These councils are responsible for approving recommended purchase or lease. 

Traditionally, the land would be surveyed, pegged off and some street works effected, usually with inadequate drainage consideration. Over the past decade, increase efforts at planned subdivision development has become more commonplace and some are now even being implemented to paved standards, with sidewalks.

Usually, enforcement violations are more often associated with individual construction as opposed to housing schemes. Unauthorized construction by squatters and other deliberate violations are sometimes difficult to address objectively, but early intervention brought on by effective monitoring lends for a good success rate. More difficult cases, such as those with legal overtones or social sensitivity, can best be solved with some political input. This default approach is generally effective almost universally.

4.
BUILDING DESIGNStc \l1 "4.
BUILDING DESIGNS
The ambiance of a Town or City is influenced by the geometry of the township, the topography of the landscape, mix of green areas and public spaces; as well, as the individuality of the edifices. The latter is more visually dominant and the level of its impact is clearly dependent on the creativity of its conceptualizer.

In Belize, like most Islands in the Caribbean, designs are not only done by Architects and Engineers, but also by Builders, Draftsmen, Technicians and sometimes simply, by homeowners to-be. Most designs in violation can be attributed to ignorance, traditional malpractice and deliberate disregard for Authority.

Designs By Builderstc \l2 "Designs By Builders
Many builders obtain jobs that require design work for building extensions as well as new constructions. Some have associates that provide technical support. Others attempt to help themselves sometimes to the detriment of their client and at the risk of violating local requirements.

On the other hand, some builders are so experienced that they generally refuse to construct buildings with substandard dimensions, detailing or functional deficiencies. 

A contractor’s foreman recently said,” My boss is so keen on standards that he refuses to construct buildings with the ceiling height less than 9’-0” “. He further stated that once; the contractor increased the floor to ceiling height of a building, even though he knew that the owner would not pay him for the extra wall height.

These categories of contractors are welcome aids to enforcement agencies and should be recognized for their positive contributions.

Designs By Draftsmentc \l1 "Designs By Draftsmen
In Belize, it is estimated that more than 85% of residential buildings are designed by draftsmen, Technical Drawing lectures and students. This is generally the main source for violations and substandard proposals. Some draftsman get paid by the job and as such, may target completing 2 or 3 sheets for the design, irrespective of whether all necessary details are provided and if they can get away with an approval without a foundation plan, site plan or electrical/ plumbing layout, they will. This type of design agreement encourage short cutting by draftsman in the preparation of plans and is the source of most questionable designs. Some draftsmen visit their project site frequently and acquires quite some experience in the process. About 1/3 of them don’t, and continue to repeat the same errors and omissions on successive jobs.

In the Capital City, Belmopan, the City Engineer organizes annual interactive sessions for a night at the meeting room of a major hotel. These sessions afford the local authority an opportunity to pool the best industry experts along with the City Engineer, to present to draftsmen, builders and designers issues such as:


New material and techniques


Popular material and techniques


Bad material and techniques


Building design presentation and short-comings


Approval requirements


Master Plan changes/update


Zoning issues


Enforcement expectations and


Architectural and Structural do’s and don’t

The participants (usually about 30) share their experiences and ask questions on issues of uncertainty. These sessions principally targets the draftsmen but the resulting exchange benefits the entire building fraternity.

Designs By Architects/Engineerstc \l1 "Designs By Architects/Engineers
Designs produced by Local Architects and Engineers are generally quite thorough and maintain a more then 90% approval rating on first submission. Their creations are typically more functional, aesthetic and sound.

This is the preferred approach to building design, however, except for the Island of San Pedro, Ambergris Caye, which is estimated at having a 36% utilization of Architects/ Engineers; the other mainland municipalities are all under 13%.

It is hoped that the new Engineers and Architects Registration bill, which was tabled in the House of Representatives recently, will bring some stimulus to further promote and recognize the desirable eminence of industry professionals.

5.
USE OF BUILDING CODEStc \l1 "5.
USE OF BUILDING CODES
Engineers and Architects of Belize were trained in countries around the world and as such, except for the graduates of UWI, who are exposed to the Caribbean Uniform Building Code (CUBiC), design protocol adopted are generally of the country of their Alma Mater. 

The British Standards and American References are widely used. In the wake of Hurricane Mitch in 1998, an OAS/ USAID funded production of the Belize Residential Construction Guidelines and the Belize Building Standards were produced and made public on May 2000. 

These documents are quite user-friendly, have good coverage and bears attributes of the OECS Guideline presently in use in the Caribbean.

Belizean Designers have been slow in adopting these new standards but with some serious promotion and through the advocacy of the Association of Engineers and Architects, as well as workshops and training sessions organized for Builders and Draftsmen, greater appreciation and use can be accomplished. There is optimism that this will be realized. It is estimated that more than 87% of residential designs in Belize are not produced by Architects and Engineers, and as such, effort should be made to target increased familiarization and use by Builders, Draftsmen and Municipal Inspectors.

6.
HOME OWNERS PREFERENCEtc \l1 "6.
HOME OWNERS PREFERENCE
Individuals have their own taste in what they would want and what looks good, but those who can afford a choice, tend to be influenced by several factors.

tc \l3 "
Locationtc \l3 "Location
Most prefer to be near the town center but new lots are generally on the outskirts of the town and as such that desire is hardly ever met. Others prefer near the sea, corner lots, high grounds and a plot facing the east. The east facing lot offers a shady frontage in the evening.

The need for the avoidance of flood prone areas and vulnerable coastal locations is recognized but not taken seriously enough. Some Individuals tend to build wherever a lot is available. For many years, Government has been encouraging new urbanization on higher, safer locations by providing housing schemes and avail lots for individual construction at higher elevations in-land.

The City of Belmopan was created with that in mind following Hurricane Hattie in 1961.

Traditionally, there was a preference for constructing timber “houses on stilts” or two story buildings with most having no enclosed ground floor initially. Today, the trend seems to suggest masonry bungalows with relatively mild roof slopes; louver, sash or sliding windows, and of course a verandah or porch. Low cost housing reflects minimal floor levels but where owners have a choice, 2 to 4 feet above ground is preferred.

Funding
Housing construction in Belize is truly booming, and the stimulus for it all is simply the availability of lots, access (streets/roads) to lot and of course, financing. The present Government in its 1998 Manifesto, promised to ensure the construction of 10,000 houses in Belize in 5 years. To date, it is estimated that almost 6000 has been built. Many felt that it was impossible, but the output rate seems to suggest that it is achievable.

RESIDENTIAL CONSTRUCTION PRICES

Income
Area (Sq. Ft.)
Construction Rate
Cost Range

Low
360 - 640
$30 - $50
$10,800 - $32,000

Middle
640 - 2200
$50 - $65
$32,000 - $143,000

Upper
2200 ->5000
$65 - >$100
$143,000 - >$500,000

Many sources of funding for housing exist in Belize and prospective homeowners simply need to have a stable job to qualify. Of course, the level of present liabilities and access to land is critical to approval. Prime sources are the 4 main banks, Credit Unions the Development Finance Cooperation and the Ministry of Housing. It is estimated that almost 80% of all housing loans are from these sources. 

Other well-known sources are Housing Foundations, Insurance Agents, The Reconstruction and Development Corporation and the Public Service Union (PSU). Some sources offer good rates but prefer that bridging financing fund the construction phase, before they effect a mortgage. The Ministry of Housing has been doing its share of mass housing production and even has a housing factory using Cuban Technology creating low cost Units using large blocks.

7.
APPROVAL PROCESS 

Generally, before a loan is secured, the homeowner to-be, must be in a position to present at least, a lease certificate for a property and an approved set of construction plans. Sometimes, both are provided by the housing agency, but in most cases, the individual must obtain these.

The approval process is as follows: 

1.
Application form filled out

2.
Fee paid

3.
Plans submitted

4.
Vetted and perused by Engineering Assistant

5.
Reviewed by City Engineer

6.
Evaluation Certificate Prepared

7.
Approval Letter and certificate sent to Applicant   

If the review result in disapproval, then the plans are returned and the process repeats from step 3.

Typically, the approval process firstly seeks to ensure compliance with the following:


Zoning 


Development scale (min. square footage or value of buildings)


Verification of ownership

Secondly, a detail evaluation is conducted in respect of the following: 


Foundation


Floors


Walls


Roof


Stairs


Veranda/ Patio


Ventilation


Natural lighting


Spatial layout 


Waste disposal


Site plan


Electrical


Plumbing


Storm resistance


Integrity


Aesthetics


Presentation  

Material types used are noted, as well as, the building use classification, floor area, number of bedrooms and number of exits on all floors.

Other information, such as, the lot reference and the designer/ draftsman is also recorded.

The approval letter authorizes construction and stipulates minimum recommended floor height, period of validity of approval and any other recommendations of the City Engineer.

Thereafter, it is expected that works will commence within 6 months and that the authorities will be informed as critical phases of the construction unfold; such as:


Casting of foundation


All major concrete pour  


Completion 


Final inspection

The processes described above are mostly adhered to in Capital City Belmopan and Belize City, and to a lesser extent in the District Towns.

DESIGN SOURCES 

With Approval Ratings and Enforcement Levels

Municipality
Design Source (%)
Enforcement (%)


Draftsmen**
Builders
Arch./ Eng.
App. Rate
Monitoring

Corozal Town
73
16
11
75
70

Orange Walk Town
73
14
13
62
57

Belize City
82
6
12
69
64

Belmopan City
80
6
14
92
87

San Ignacio Town
74
16
10
70
65

Santa Elena Town
72
14
14
65
65

Benque Viejo Town
62
26
12
<50
<40

Dangriga Town
88
4
8
68
63

Punta Gorda Town
79
15
6
52
47

San Pedro Town*
49
15
36
93
88

*/ Downtown Only, **/ Includes Technicians

There are ten Municipalities in Belize, comprising two (2) Cities and eight (8) Towns. The Cities have enforcement agents with designated City Engineers. The Towns on the other hand, have a weaker enforcement structure with generally no qualified professional on board, despite the need for design reviews of 3 and 4 storey buildings.

8.
CONTRACTORS/ BUILDERS

Since the construction industry is very active, there is an obvious trend of expansion and evolution amount contractors. In most categories, they are expanding their equipment fleet and diversifying in job types. Some larger ones are however, reducing their equipment inventory in order to cut overheads and maintenance requirements, while preparing for increased sub-contracting.

Less than 40% of Belizean contractors received formal technical training in construction or engineering. However, on the over all, their level of competence is largely based on acquired experience and the benefit of 

Education
%

Primary
12

Secondary
48

Tertiary
18

having been an apprentice under trained professionals.

It is estimated that some 66% of builders are in possession of a secondary education of which, more than a third have had tertiary training.

In all sectors of construction in Belize, there are Immigrant Contractors who migrated to Belize and settled in the industry with success. Most are considered large contractors and in that category, they represent more than 60%. 

The University of Belize is effecting a marked impact at enhancing the new cadre of contractors, technicians and general tradesman. The Government has also embarked at a project that will establish vocational institutions in all districts. This influence will no doubt improve their general standard of delivery since it will result in a more technically trained industry population from work force to management. 

9.
DESIGN AND CONSTRUCTION

Design
The design of small buildings in Belize is typical throughout the country but some structural and layout practices are peculiar to certain districts. In the Belize District some small buildings are placed on piles due to poor soil, but for more than 95% of the country, this is not necessary.

Foundations are usually wide strip footing, usually 9”- 12” thick with widths of 18”-36”. Floor slabs are normally 4” to 5” thick with steel fabric reinforcement or mild steel rods. A damp proof membrane is always used under floor slabs. 

Block masonry walls are used throughout but some alternatives are also taking root such as:


Covintec (sandwich of steel fabric and polystyrene)


Solid concrete ( With brick pattern )


Polycrete (concrete with Styrofoam beads)


Stone masonry


8” thick Styrofoam with reinforcement voids 


Pre-cast RC panels

Timber has been traditional, as in most former colonial territories, but this practice has lost its popularity; though still a favorite to some. The use of sheet rock (drywall) for interiors is now very popular.

Roofs are mostly Gable and hip with flat roofs if made of concrete.

Eaves are generally 18” to 36”. Load bearing walls are usually assumed in the structural design philosophy. However, in the two northern districts of Corozal and Orange Walk, RC columns are almost always used.

The use of a belt beam at roof level is considered a key feature in ensuring that your building possesses adequate integrity to resist wall cracking and differential settlement effects. A floor height of not less than 12” is the norm but some people prefer to be on the porch or relaxing and looking out when it is about 4 feet above ground.

Construction
The construction of small buildings can be so exciting to observe, since they are typically completed in 12 to 15 weeks under organized and continuous execution. Excavations are usually 2 to 3 ft. deep and manual effort is preferred. The use of blinding under footings is hardly ever done and concreting for small works is produced by hand mixing or a 1-batch mixer. Ready mix concrete is readily available and is used for floor slabs and roofs. With reliable water supply in municipalities, the use of an underground water cistern is uncommon.

The key hurricane sensitive fixings that receive special considerations are:


Roofing connection


Lath or purlin connection (not enough focus) 


Rafter/Truss connection (usually bolted)


Wall plate connection (usually bolted but now hardly ever used)


Wall anchorage to floor slabs 

For elevated buildings a utility room or some other enclosure is created on the ground floor to increase lateral stability. When of timber, bracings are absolutely necessary and steel straps are used to connect columns at footings as well as at beams.

Formwork is usually of plywood or modular steel panels, but some low budget construction uses undressed lumber or even corrugated zinc for slab soffits.

The use of power tools is wide spread among contractors and this is truly a time saver.

10.
HURRICANE DAMAGE BY KEITH     

[image: image2.wmf]
Hurricane Keith’s Category IV forces affected buildings large and small. Typically, damages recorded were:


Roofing sheets ripped off 


Roofing tiles ripped off


Roofing sections dislodged


Entire roof loss


Wall collapse following roof loss


Complete destruction of poorly built structures

Close observation revealed that most damages could have been avoided if the following were adhered to:


Appropriate lath/ Purlin spacing


Appropriate roof sheet fixings (every corrugation)


Appropriate roof shingle/Tile fixings


Use of full length rafters and purlins (ie. Without short splices) 


Use of joist/rafter cleats or hangers


Bolted hurricane straps for rafters/ trusses at belt beam


Nuts & bolts at corbel for lean-to roofs


Notched bracings for elevated wooden houses


Deep embedment of wooden posts without pad footing


Avoid use of thin gauge roofing sheet where roof or sheet overhang is significant.


Effect periodic maintenance that addresses corroded or rotted elements


Special emphasis on the security of ridging, flashings and roof perimeter near eaves. (Areas that initiate most roof failures)


Removal of trees near to buildings


Set-out buildings clear of falling power poles

The northeastern Islands of Belize were mainly hit by the hurricane with building damages effected particularly on the Islands of Ambergris Caye and Caye Caulker. Winds and tidal waves were exclusively from the west and debris in the form of loose objects like boats, vehicles (gulf carts), and other out door items battered many buildings and fences. Power Poles and tall trees, also inflicted damage to many buildings.

Many galvalum corrugated roofing were ripped off. This material is usually of a minimum gauge but could have survived if they were secured appropriately.

Some roofs had a nail or screw at every 4th corrugation instead of every other corrugation. 

Spanish tiles, plycem, corrugated zinc and asphalt shingle roofing all failed due to lack of recommended mechanical fixings and sub-standard/ inappropriate adhesives.

Some 2-storey buildings had excellent integrity at the foundation, column and 1st floor beam levels but lack adequate security at connections above the floor level, resulting in the total dismantling of the buildings superstructure.  

11.
 RECONSTRUCTION

Immediately after Keith, reconstruction began as many were left homeless and in shelters.

The process involved the following:


Repairs to damaged buildings


Construction of temporary buildings


Construction of new permanent replacement buildings     


Construction of Housing Project

The Government’s unprecedented initiative on housing construction, had resources virtually on stand-by and afforded a rapid jump-start on the process of rebuilding.

No doubt, detailing of roofs is more closely reviewed for plan approvals and inspections are done more objectively. However, a more concerted effort needs to be taken in order to address the issues of strategic standards at the design and construction stages.

The Inter-American Development Bank and the Caribbean Development Bank have agreed to fund an investigative report on the effects of this hurricane with recommended improvements to current construction methods. The first report, which will involve Wind Tunnel testing of the various roof systems used in Belize, is due in April 2001. This should provide clear threshold category rating for roof systems, which will enable reliable hurricane rating on buildings complying with the recommended standards. 

For now, reconstruction continues with a renewed sense of awareness, of the perils of sub-standard roof construction.

12.
  RECOMMENDATION 

The Government and people of Belize are fully cognizant of the threat that hurricane poses to the country and is particularly aware of the vulnerability of the Cayes, coastal localities and the low-lying areas of the mainland.

To this end, the village of Hattieville and the City of Belmopan were created inland at the higher elevations in an effort to offer a safer urban location for citizens seeking permanent refuge.

This however, is not enough and with the new trend of worsening unpredictable weather phenomenon, which now plagues the region, we must better prepare for adversity with a strategy of fortification by absolute enforcement. 

With this in mind, the following recommendations are hereby recorded with sincere prudence and hope that mitigative consideration be given the highest priority in the interest to human safety and damage to property:   


Enforcement of the use and adherence to design codes and acceptable construction guideline must be mandatorily effected.


Training of enforcement officers must be instituted such that the inspection protocol formulated is objectively consistent across the country and free of the influence of waivers.


Legislate amendment to the Statutory Instrument on enforcement, targeting:


Greater fines for violations involving unapproved construction


Impose higher violation charge on contractors who curtail on construction by ignoring approved design details in the interest of financial gains 


Provide for legal status of Inspectors, Builders, Draftspersons, Engineers and Architects by ensuring the establishment of Formal Registration offices.


Accelerate the relevant output of the National Emergency Management Organization (NEMO) in order to advance enhancement resource access, as early as possible.


The Ministry of Works/Housing and Municipal Authorities must advocate for provision of sufficient funding in their budget to accommodate necessary additional inspectors.


Take advantage of resources available that can provide scientific research and tangible recommendations on improved hurricane resistant construction.


Commission an investigation into the impact of fallen power poles on damage to houses and other buildings, including those caused by communication towers. /1

The Government must absolutely refrain from promoting urbanization at vulnerable high-risk tidal wave and flood prone locations.


Islands must review strategy on location of securing boats in event of a storm/hurricane, with a view to avoid the reoccurrence of vessels being thrown onto buildings.


City Engineers must demand additional information for design details as required without fear or favor.

Further to the above recommendations, please note that Sections 9, 10 and 11 of this paper contains tangible leads on desirable practices, than can result in more durable construction and consequently a safer tropical habitation.

Like most countries in the region, Belize is a Democracy that fosters the ideals of governance by objectivity and equal opportunity and as such, with a serious plan of execution and some Political will, the above is achievable.   

*******

/1: The BTL Tower in San Pedro collapsed during Keith causing it to crash onto the BEL Power Plant knocking off power supply. Another one was recently built in a residential neighborhood in Caye Caulker.
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