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History of
Caribbean Wind-loading Standards

Pre-1950s

CP3 : Chapter V : Part 2 - 1952

South Florida Building Code

Ronan Point - 1968

CCEO-BAPE Standard – 1970

OAS-NCST-CCEO-BAPE Standard – 1981 (BNS CP28)

CUBiC : Part 2 : Section 2

A Brief Overview
of Some Important

Wind-loading Standards

• ISO 4354 and CUBiC:Part-2:Section-2 
• ENV 1991-2-4
• ASCE 7-98 and DRBC-03
• AIJ Recommendations
• AS1170.2
• Barbados Standard BNS CP28
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Barbados StandardBNSCP

Australian StandardAS

Japan StandardAIJ

Dominican Republic Building CodeDRBC

EurocodeENV

Caribbean Uniform Building CodeCUBiC

International Standard OrganizationISO

IdentificationStandard

Different International Wind StandardsDifferent International Wind Standards

Standard Averaging Time Return Period(s)

ISO 4354 10 minutes 50 years

CUBiC 10 minutes 50 years

ENV 1991-2-4 10 minutes 50 years

ASCE 7-98 3 seconds 50 years

AIJ 10 minutes 100 years

AS1170.2-1989 3 seconds 20 and 1000 years

BNS CP28 3 seconds 50 years

Note: Canadian and British standards now use 1-hour averaging time.
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Comparative table with different waysComparative table with different ways
of reporting wind velocityof reporting wind velocity

1201371711813 second gust

105120149158Fastest mile

849612012710 minutes

79911131201 Hour

Wind Velocity (mph)Wind Velocity (mph)Averaging timeAveraging time
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Differences and similarities for calculating

design wind speeds and dynamic pressures

AS1170.2-89

BNSCP28

AIJ

DRBC-03

ENV 1991-2-4

CUBiC

ISO 4354

Building  
Pressure/Force

PressureSpeedStandard
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Building Shape or
Type

ISO
4354

CUBiC ENV
1991

ASCE
7-98

AIJ AS1170
.2

BNS
CP28

stepped roofs no no no yes no no yes

free-standing walls, yes yes yes yes no yes no
free-standing roofs no no yes no no yes yes

attached canopies no no no no no yes yes
multispan roofs no no yes yes yes yes yes
multispan canopies no no yes no no no no

arched roofs yes yes yes yes yes yes yes
domes no no yes no yes no no

bins, silos, tanks yes yes yes no no yes no
circular sections yes yes yes yes yes yes yes
polygonal sections no no yes no no yes yes
structural angle yes yes yes no no yes yes

bridge decks no yes yes no no no no
lattice sections yes yes yes yes no yes yes

flags no no yes no no no no
spheres no yes yes no no no yes
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The trend for Caribbean standardsThe trend for Caribbean standards
is to adopt and adaptis to adopt and adapt
the ASCEthe ASCE--7 approach7 approach

(Dominican Republic, new CUBiC, Cayman, Bahamas)(Dominican Republic, new CUBiC, Cayman, Bahamas)

ASCE 7 Methods

• Method 1: Simplified (tables & limited use)

• Method 2: Analytical (almost all cases)

• Method 3: Wind Tunnel (unusual cases)
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Method 1: Simplified
The building must be:
1. a simple diaphragm building;
2. a low-rise building;
3. enclosed and conform to the wind-borne debris 

provisions;
4. a regular shaped building or structure;
5. not classified as a flexible building;
6. not assessed as having unfavourable aerodynamic 

characteristics and not having an unfavourable site
location;

7. of a structure with no expansion joints or separations;
8. not subject to unfavourable topographic effects;
9. of an approximately symmetrical cross section.

Summary for Method 2

• MWFRS
λ p = q GCp - qi (GCpi)

• C&C for h< 60 ft
λ p = qh [(GCp) - (GCpi)]

• where:
λ qz = 0.00256 Kz Kzt Kd V2 I
λ qh = 0.00256 Kh Kzt Kd V2 I

Kz = exposure velocity pressure coefficient
Kzt = topographic factor
Kd = directionality factor
V = basic wind speed
I = importance factor

p = design pressure
q = effective velocity pressure
G = gust effect factor (gef)
Cp = external pressure coefficient
qi = velocity pressure (internal) 
GCpi = gef + internal pressure coefficient
GCp = gef + external pressure coefficient
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Kzt

Kz

I

Kd

SymbolSymbol

Takes into account the fact that the 
structure be located on top of a hill or on a 
escarpment increasing the wind velocity

Topography

Represents the wind velocity at height z
above the ground in different terrains

Exposure

Converts a 50-year return period into a 
100-year return period recommended for 
hospitals 

Importance

Takes into account the probability that the 
maximun wind has the same direction than 
that of the maximun pressure

Directionality 

What does it mean?What does it mean?ParameterParameter

The first step in Method 2 is to determine the The first step in Method 2 is to determine the 
appropreiate parameters for evaluating the appropreiate parameters for evaluating the 
velocity pressure, velocity pressure, qq

Represents the net force on open 
structures

FDesign Force

Represents the design pressurep Design Pressure

Reflects the internal pressure due to 
quantity and sizes of wall openings

Cpi
Internal Pressure 
Coefficient

Cp

G

SymbolSymbol

Represents the wind pressure on the 
building’s external walls

External Pressure 
Coefficient  

Represents the turbulence-structure 
interaction and the corresponding 
dynamic amplification

Gust Factor

What does it mean?What does it mean?NameName

Meaning of factors in ASCEMeaning of factors in ASCE--77
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Method 2: Analytical
1. basic wind speed V and wind directionality 

factor Kd
2. importance factor I
3. exposure category or exposure categories and 

velocity pressure exposure coefficient Kz or Kh
4. topographic factor Kzt
5. gust effect factor G or Gf
6. enclosure classification
7. internal pressure coefficient GCpi
8. external pressure coefficients Cp or GCpf, or 

force coefficient Cf
9. velocity pressure qz or qh
10. design wind load p or F

1
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1

Directionality Factor Kd
Structure Type Kd

Buildings
     Main Wind Force Resisting System
     Components and Cladding

0.85
0.85

Arched Roofs 0.85

Chimneys, Tanks, and Similar Structures
     Square
     Hexagonal
     Round

0.90
0.95
0.95

Open Signs and Lattice Framework 0.85

Trussed Towers
     Triangular, square, rectangular
     All other cross sections

0.85
0.95

1
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Importance Factor I

I
V
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Importance Factor I
Category

Non-Hurricane Prone Regions,
Hurricane Prone Regions with

V=85-100 mph,
and Alaska

Hurricane Prone Regions
with V>100 mph

I 0.87 0.77

II 1.00 1.00

III 1.15 1.15

IV 1.15 1.15

2
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Velocity Pressure Exposure 
Coefficient Kz

V z =
⎛
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⎟
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V z
3 3 3 3

1α

3

Exposure Constants
Exposure
Category

Gradient
Height

1/α

A 1500 ft 1/5

B 1200 ft 1/7

C 900 ft 1/9.5

D 700 ft 1/11.5

3
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D              C               B             A

3

3
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Effects of exposure and altitudeEffects of exposure and altitude

Exposure B

0

100

200

300

400

0 10 20 30 40 50

Exposure C

0

100

200

300

400

0 10 20 30 40 50

3

1.631.391.39581.26.98.9830

1.611.371.37561.24.96.9628

1.591.351.35541.21.93.9326

1.571.321.32521.20.92.9224

1.551.301.30501.18.90.9022

1.531.281.28481.16.88.8820

1.511.251.25461.13..85.8518

1.481.231.23441.11.82.8216

1.461.201.20421.07.79.7914

1.431.171.17401.04.76.7612

1.41.141.14381.00.72.7210

1.371.101.1036.96.67.708

1.341.071.0734.90.62.706

1.301.031.0332.85.57.70≤ 5

Case 1 y 2Case 2Case 1Case 1 y 2Case 2Case 1

Height Z (m) B C Height  Z (m) B C

Exposure Exposure

Exposure Coefficients Exposure Coefficients KKzz KKhh

Exposure type B C

NOTE:

1. Case 1 shall be 
used for all primary 
systems in 
buildings with 
height ‘h’ less than 
18 m and for 
secondary systems 
of any type of 
structure

2. Case 2 shall be 
used for all primary 
systems of any 
other structure not 
indicated in case 1 

3. For  values of Z  
not shown, linear 
interpolation shall 
be permitted

3
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Kz and Kh

Height above
ground level,

z ft (m) A B C D

0-15 (0-4.6) 0.32 0.57 0.85 1.03
20    (6.1) 0.36 0.62 0.90 1.08
25    (7.6) 0.39 0.66 0.94 1.12
30    (9.1) 0.42 0.70 0.98 1.16

  40    (12.2) 0.47 0.76 1.04 1.22
  50    (15.2) 0.52 0.81 1.09 1.27

60    (18) 0.55 0.85 1.13 1.31
  70    (21.3) 0.59 0.89 1.17 1.34
  80    (24.4) 0.62 0.93 1.21 1.38
  90    (27.4) 0.65 0.96 1.24 1.40
100  (30.5) 0.68 0.99 1.26 1.43

Velocity Pressure Coefficients, K h and Kz

3

Topographic Factor Kzt

[ ]23211 KKKKzt +=

4
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Sketch showing effects of topographySketch showing effects of topography

on wind velocity on a hilly island on wind velocity on a hilly island 
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4

Topographic effectTopographic effect

showing wind velocity increaseshowing wind velocity increase
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4

[ ]23211 KKKK zt +=

Gust Effect Factor G or Gf
• Gust  intensity
• Gust frequency
• Gust size

– Integral scale longitudinal and lateral
• Frequency of structure
• Structural damping
• Aerodynamic admittance
• Gust correlation

5
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Gust Effect Factor G
Rigid Structures: Complete Analysis
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gQ = peak factor for background response
IZ  = intensity of turbulence
Q  = background response factor
gv = peak factor for wind response 

LZ = integral length scale of turbulence

5

Gust Effect Factor Gf
MWFRS for flexible buildings and other structures
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gQ = peak factor for background response
gR = peak factor for resonant response
R  = resonant response factor
IZ  = intensity of turbulence
Q  = background response factor
gv = peak factor for wind response

5
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Building, Enclosed
A building that does not comply with the requirements for 

open or partially enclosed buildings.

Building, Open
A building having each wall at least 80%.

This condition is expressed for each wall by the equation:
Ao ≥ 0.8 Ag, where

Ao = total area of openings in a wall that receives positive 
external pressure, in ft2

Ag = the gross area of that wall in which Ao is identified, in ft2

6

Building, Partially Enclosed
1. The total area of openings in a wall that receives positive 
external
pressure exceeds the sum of the areas of openings in the balance of the
building envelope (walls and roof) by more than 10%, and
2. The total area of openings in a wall that receives positive 
external pressure exceeds 0.37 m2 (4 ft2) or 1% of the area of that wall, 
whichever is smaller, and the percentage of openings in the balance of 
the building envelope does not exceed 20%.

1. Ao > 1.10 Aoi
2. Ao > 4 ft2 or > 0.01 Ag, whichever is smaller, 

and Aoi/Agi ≤ 0.20
where
Ao, Ag are as defined for Open Building
Aoi = the sum of the areas of openings in the 
building envelope (walls and roof) not including 
Ao, in ft2

6
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GCpi Gust Factor combined with
Internal Pressure Coefficient

Enclosure Classification GCpi

Open Buildings 0.00

Partially Enclosed Buildings                             +0.55

                             -0.55

Enclosed Buildings                             +0.18

                             -0.18

7

Analytical Method
for MWFRS

 qz = 0.00256 Kz Kzt Kd V2 I
 p = qGCp - qi(GCpi)

 for all rigid buildings
 p = qh[(GCpf) - (GCpi)]

 alternate for low-rise rigid buildings
 p = qGfCp - qi(GCpi)

 for flexible buildings

8
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Design pressure on primary systems (structural)Design pressure on primary systems (structural)

Rigid Primary SystemsRigid Primary Systems

Flexible Primary SystemsFlexible Primary Systems

p = q GCp - qi (GCpi)

p = qGf Cp - qi (GCpi)

8

8
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8

8
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8
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Wind Tunnel Results (GCp)8

8
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8

Analytical Method
for Components & Cladding

 qz = 0.00256 Kz Kzt Kd V2 I
 p = qh[(GCp) - (GCpi)]

 for buildings with h ≤ 60 ft
 p = q(GCp) - qi(GCpi)

 for buildings with h > 60 ft

8
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8
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8

Wind basic pressureWind basic pressure

2
2
1 Vq ρ=

Dynamic part of Dynamic part of 
Bernoulli’s basic Bernoulli’s basic 
equationequation

9



Code Developments for
Wind-resistant Design of Buildings

17 March 2005

Tony Gibbs 33

Constant 0.00256
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9
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dztz2

1 IVKKKq ρ=

modified basic pressure:modified basic pressure:

ASCEASCE--77

Modified basic pressure  in ASCEModified basic pressure  in ASCE--77
to accomodate local parametersto accomodate local parameters

9
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Velocity  Pressure

qz = 0.00256 Kz Kzt Kd V2 I

qh = 0.00256 Kh Kzt Kd V2 I

9

Analytical Method for
Open Buildings and Other Structures

 qz = 0.00256 Kz Kzt Kd V2 I

 F = qz G Cf Af

9 & 10
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Design pressure for components and cladding Design pressure for components and cladding 
and design force for special and open structuresand design force for special and open structures

towers, signs, tanks, silostowers, signs, tanks, silos

p = qh [(GCp) - (GCpi)]

F = qzGCf Af

Design pressureDesign pressure

Design forceDesign force

10

8
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Turbulent flow of wind on Turbulent flow of wind on 
longitudinal and transverse sides longitudinal and transverse sides 
of high rise buildingsof high rise buildings

Turbulent flow on high rise buildings Turbulent flow on high rise buildings 
due to upwind obstructionsdue to upwind obstructions
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Wind velocity increase 
due to large openings  
at lower floors

Wind velocity increase Wind velocity increase 
due to large openings  due to large openings  
at lower floorsat lower floors

Wind flow over gabled roof buildings 
showing turbulence on leeward roof and 
walls

Wind flow over gabled roof buildings Wind flow over gabled roof buildings 
showing turbulenceshowing turbulence on leeward roof and on leeward roof and 
wallswalls
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Pressure increase due to wind on overhanging roofsPressure increase due to wind on overhanging roofs

W
in

w
a
rd

L
e
e
w

a
rd

Roof

SECTION

Protection effect of upstream buildingProtection effect of upstream building

A favorable location of 
adjacent buildings can 
decrease the hurricane 
effects reducing the 
wind loads
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Unfavorable location of an adjacent buildingUnfavorable location of an adjacent building

A bad location of             
nearby buildings might 
induce increase of wind 
loads

Pressure coefficients on high rise buildingsPressure coefficients on high rise buildings

- 0.6

- 0.7

- 0.6

- 0.6

- 0.6

0.4

0.40.4
0.30.3

0.3

0.6

0.5

0.7

- 0.5
- 0.5

- 0.6

- 0.5
0.8

0.9

- 0.6

- 0.6

- 0.5

- 0.6

SIDE FRONT BACK W
IND

WIND

ROOF

Pressure varies
with
height
(Widward)

Pressure
keeps constant
with height
(Leeward)



Code Developments for
Wind-resistant Design of Buildings

17 March 2005

Tony Gibbs 42

Design pressure diagram on gabled roof buildingDesign pressure diagram on gabled roof building

θ

h

L

z

GCpqz

q GCph

q GCph
q GCph

Wind
direction

Design pressure diagram on flat roof buildingDesign pressure diagram on flat roof building

36.6  psf
 26.7  psf

157  ft

  17.0  psf

  15.3  psf

   13 .0  psf

     10 .6  psf

     8.2  psf

   5.6  psf

20.9  psf

106  p lf 106  p lfW ind

Notes:
1 .  A sim ilar  load ing  with

negative in ter nal
p ressures m ay be
considered;  it w ill  have
reduced  up lift on  the
roof and  wi ll not  affect
to tal hor izon tal  shear

2 .  The load  dist ribut ion
steps on  w indward  wall
are the sam e as qz
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Pressure sketch for wind perpendicular to the ridge Pressure sketch for wind perpendicular to the ridge 
on a pitchedon a pitched--roof industrial buildingroof industrial building

(+) Internal Pressure of + 3.2 psf

(-) Internal Pressure of - 3.2 psf

7.5 psf

7.0 psf
- 15 ft

8.8 psf
12.0 psf

10.9 psf

200 ft

14.0 psf

13.4 psf

2.3 psf
5.5 psf

4.4 psf- 15 ft

Pressure sketch for wind parallel to the ridge Pressure sketch for wind parallel to the ridge 
on a pitchedon a pitched--roof industrial building roof industrial building 

11.64

3.88

-306.03

20.94

38.01

44.21

-226.90 -187.34

-203.16

Net Pressure Parallel to Ridge

Internal Pressure (+)
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Wind load path on pitched roof buildingsWind load path on pitched roof buildings

Detail of  stud to concrete footing connectionDetail of  stud to concrete footing connection

galvanized strap

m
in

. 
d

e
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3
'-

0
"

ground
surface

concrete base

concrete pier

doble base plate

stud

Stud to concrete connection
Foundation anchorage
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Stud & top plate connection

galvanized plate

doble top plate

stud

Stud and top plate connectionStud and top plate connection

galvanized hurricane

double top plate

rafter

strap

Rafter & top plate connection

Rafters and top plates should be anchored  Rafters and top plates should be anchored  
by galvanized strapsby galvanized straps



Code Developments for
Wind-resistant Design of Buildings

17 March 2005

Tony Gibbs 46

Anchorage of timber beams to concrete beamsAnchorage of timber beams to concrete beams

beam

Timber rafter connection to concrete

of rafter

galvanized hurricane
straps either side

rafter

Use of galvanized 
hurricane straps are 
recommended

Open web
steel joist

Weldable steel rod
welded to joist
bearing plate

concrete filled core
at each joist

Tension rod in

required
Lap as

hold-down
for

As required

Anchor welded to lintel

Steel joist

Anchorage details between steel joist and masonry wallsAnchorage details between steel joist and masonry wallsAnchorage details between steel joist and masonry walls
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Hipped roof recommended over flat roofHipped roof recommended over flat roofHipped roof recommended over flat roof

PLAN ISOMETRIC

Hatched area indicates
where more frequent

fixings are required

Hipped roof

PLAN ISOMETRIC

hatched area indicates
where more frequent

fixings are required

gabled roof

Gabled roof with slopes of 20 to 30 degrees 
are preferred against hurricanes
Gabled roof with slopes of 20 to 30 degrees Gabled roof with slopes of 20 to 30 degrees 
are preferred against hurricanesare preferred against hurricanes
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Metal sheet fixings and
purlin-to-rafter connection

spacer block

self-tapping screw

metal sheeting

purlin

galvanized hurricane strap
fixed to rafter and purlin

rafter

ridge connection

valley connection

Connection details between Connection details between 
metal sheet roof and purlinsmetal sheet roof and purlins

ELEVATION

storm shutter in open position

when closed
surface bolts to secure

PLAN

fixed to frame
shutter panels

Permanent window  shutter detailsPermanent window  shutter details



Code Developments for
Wind-resistant Design of Buildings

17 March 2005

Tony Gibbs 49

housing chamber for

ELEVATION

CROSS SECTION

shutter guide

roll-up shutter

Details of rollDetails of roll--up up 
shuttershutter

Summary for Method 2

• MWFRS
λ p = q GCp - qi (GCpi)

• C&C for h< 60 ft
λ p = qh [(GCp) - (GCpi)]

• where:
λ qz = 0.00256 Kz Kzt Kd V2 I
λ qh = 0.00256 Kh Kzt Kd V2 I

Kz = exposure velocity pressure coefficient
Kzt = topographic factor
Kd = directionality factor
V = basic wind speed
I = importance factor

p = design pressure
q = effective velocity pressure
G = gust effect factor (gef)
Cp = external pressure coefficient
qi = velocity pressure (internal) 
GCpi = gef + internal pressure coefficient
GCp = gef + external pressure coefficient


