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• Between 1965 and 1992 there were no 
significant hurricanes in South Florida.

1940 1950 1960 1970 1980 1990 2000 2010

• Earlier restrictions prohibiting wood frame 
construction were rescinded when lumber 
industry threatened a lawsuit claiming 
discrimination against materials

27 Years

THE RISE OF INFERIOR BUILDING PRODUCTS



MASONRY VS. HURRICANESMASONRY VS. HURRICANES
Hurricane Andrew 1992Hurricane Andrew 1992



FROM TIM 
REINHOLD AT

CLEMSON 
UNIVERSITY



ENGINEERING 101

Diaphragm - A roof or floor 
system designed to transmit 
lateral forces to shear walls or 
lateral load resisting elements.



Hurricane 
Andrew
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Hurricane 
Andrew



SIMPLY SUPPORTED 
WALL

Allowed to rotate at the 
ends -but kept from 
moving horizontally



CANTILEVERED WALL

Fixed at the base -but 
allowed to both rotate
and move horizontally at 
the top



• Don, please add a description here

TITLE OF SLIDE



Hurricane Andrew
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Connection
?
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Andrew









No connection 
to the 

prestressed 
roof



Hurricane 
Andrew



Grout Missing



Where’s the 
grout ?
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Andrew







Recommended 

Hip Roof 
Framing









DESIGNING MASONRY FOR WIND LOADS
Lessons from Hurricane Andrew

• DESIGN FAILURES
• Bond beam design for uplift
• Roof connection at top of

• wall for lateral wall stability
• Proper bar laps and embedment

• CONSTRUCTION FAILURES
• Roof connection at top of

• wall for lateral wall stability
• Proper steel placement and bar lapping
• Proper grouting of cells



Surrounded by 
flattened subdivisions 
this area was virtually 
undamaged.  The 
damage varied wildly 
by builder and material 
type.



Moore, Oklahoma Moore, Oklahoma 

May 20th, 2013May 20th, 2013

















OVERALL – BEST HURRICANE
ANDREW PERFORMANCE!



IBHS Wind Tunnel Testing







STANDARD FOR 
HURRICANE 

RESISTENT 
RESIDENTIAL 

CONSTRUCTION 
SSTD 10-93



Still a Referenced
Document in the 

7th Ed. FBC -
Residential



STANDARD FOR 
HURRICANE 

RESISTANT 
RESIDENTIAL 

CONSTRUCTION
SSTD 10-99



ICC 600-2020
Update Version  
Completed And 
Available Online

Current (Older) Version 
Referenced in 7th Ed. 
FBC 



SSTD 10-99



ICC 600



1998 FLORIDA 
TORNADOES

Central Florida – February 22, 1998 



1998 Florida 
Tornadoes



1940 1950 1960 1970 1980 1990 2000 2010

On the night of February 22, 1998 powerful tornadoes 
ripped through Central Florida killing 42 people.      

No deaths occurred in masonry homes - All those killed were in 
light frame manufactured homes or trailers.

1998 FLORIDA TORNADOES



1998 FLORIDA TORNADOES

FLAMINGO LAKES
Pre-Hurricane Andrew 

…..Appendix D era

Typical Failure: 
• Envelope is breached, 
• Sheathing lifts off, 
• Bond beam deflects 

upward and wall falls out.  
• Bond beam deflects 

downward. 

62



CG6-11
Photograph 
of the Felt 
Grout Stop
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•Parsons Pond area just to the East of 
the Flamingo Lakes destruction 

•All homes were constructed in 
accordance with the SSTD-10.     

•First 3 homes were wood frame.    
•All of the remaining homes were block.    
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JB-53-0005:Frame Home No. 1 Complete collapse ! 

Both front and back ends completely separated 
from the side walls.  



The picture can't be displayed.

66

JB3-57-0009:  Foreground-Frame Home No. 1  
The back wall, gable end intact lying on the grass. The corner 
connection failed.  The connection of the gable end at the roof failed.   
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CG4-19: Frame Home No. 3 – Block home with 
blue tarp  is in the background. 
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The picture can't be displayed.
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CG3-34:  Results of missile (automobile) impact:
Belcher, CBO, is viewing the displacement of the 
masonry in the area of the impact.



1998 FLORIDA TORNADOES

70

Seminole County. 
** Same Scenario **

Robert McIntosh Home
855 Myrtle 
Seminole County



Lessons from 1998 
Florida Tornadoes
(Build with BLOCK)

• Masonry Design Failures 
in Post Andrew 
structures (Built to SSTD 
10-93) 

• None

DESIGNING MASONRY FOR WIND LOADS



FLORIDA TORNADOES 
2007

Central Florida  - February 2, 2007 



1940 1950 1960 1970 1980 1990 2000 2010

Between 3 and 4 am on February 2, 2007 tornadoes ripped 
through Central Florida killing 21 people.      

Again, nearly all those killed were in light frame manufactured 
homes or trailers.

2007 FLORIDA TORNADOES



2007 FLORIDA 
TORNADOES
• Villages of Lady Lake

• All  Post-Huricane Andrew 
Construction

74







2007 Florida Tornadoes2007 Florida Tornadoes



2007 Florida 
Tornadoes
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2007 Florida 
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2007 
Florida 

Tornadoes



MASONRY BOND BEAMS



DESIGNING MASONRY FOR 
WIND LOADS

LESSONS FROM 2007 TORNADOES  

(BUILD WITH BLOCK)
• Masonry Design Failures

• 8” Bond beam
• Embedment of Verticals into Bond Beam (use 16” bond 

Beam)  



2017 HURRICANE IRMA
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2017 HURRICANE IRMA



Hurricane Irma 
Damage Report

A Structural 
Damage 

Perspective

Don Beers, Adrian Engineering, Inc.
Joe Belcher, JDB Code Services, Inc.
Pat McLaughlin
McLaughlin Management Assoc., Inc



2017 Hurricane Irma 

• During our review of damage from Hurricane 
Irma, both up in Jacksonville and throughout 
SW Florida and the Keys, we found only two 
instances of failed masonry – regardless of age.

• An old unreinforced wall fell over in Naples
• An old unreinforced masonry home got washed 

away by storm surge (1811 Long Beach Drive, Big 
Pine Key)



2017 Hurricane Irma 



2017 
Hurricane 
Irma 

Other than this damage we 
found not a block out of place.   
Perfect performance for every 
concrete masonry wall 
impacted by Irma.    

The performance of masonry 
was regardless of real or 
imagined “tornado” or “micro-
burst” wind action.    In many 
cases nothing was left of the 
former structure except the 
concrete masonry.



Damage to 
Competitive 
Products

Civil Air Patrol Bldg., 2003 Mainsail Drive, Naples



Damage to 
Competitive 
Products

31153 and 31221 Hollerich Drive – Big Pine Key



Damage to 
Competitive 

Products

561 Blackbeard Road
Little Torch Key



Damage to 
Competitive 

Products

530 Blackbeard Road
Little Torch Key



2017 Hurricane Irma 

491 W Indies Dr

711 W Indies Dr

The area highlighted within the 
panel extends from 491 to 711 W 
Indies Drive on Ramrod Key.  
Within that area 8 wood frame 
homes were totally destroyed.   
There was no damage to any 
concrete masonry home along W 
Indies Drive other than minor roof 
damage.   



2017 Hurricane Irma 
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2017 Hurricane Irma 



2017 
Hurricane 
Irma 

Total # of Homes Surveyed – 51
• # of All Concrete Masonry Homes – 13
• # of Concrete Homes with Wood 2nd Floors 

– 3 (none of these were destroyed)
• # of Wood Frame Homes – 33 + 3 second 

floor wood = 36
• # of Homes with Unidentified Const Type - 2
• # of Destroyed Wood Homes – 9
• % of All Wood or 2nd Floor Wood Homes 

Destroyed – 25%
• % of All Wood or 2nd Floor Wood Built After 

1992 Destroyed – 12.5% (1 out of 8)(491 
built 2002)



2018 
Hurricane 
Michael



The Secret 
of 

Masonry 
Resilience  

Product Weight and Stability

Natural Safety Factors

Simplicity of Design

Simplicity of Connections

Ease of Proper Installation 



Does Weight Make a Difference – Experience Says YES



The Secret 
of 

Masonry 
Resilience  

Product Weight and Stability

Natural Safety Factors

Simplicity of Design

Simplicity of Connections

Ease of Proper Installation 



NATURAL 
SAFETY 

FACTORS
SHEAR 

CAPACITY

MASONRY 5.77 TIMES AS 
STRONG AS WOOD

Ratio 
5.77



Hurricane 
Andrew

Does the shear 
strength of the 

wall make a 
difference –
experience 

says YES



NATURAL 
SAFETY 

FACTORS
CORNER 

OPENING 
RESTRAINT 

MASONRY 6.2 TIMES AS 
STRONG AS WOOD

Ratio 
6.2



1998 FLORIDA 
TORNADOES

Does the 
strength of the 

corner 
connection make 

a difference –
experience says 

YES

118



The Secret 
of 

Masonry 
Resilience  

Product Weight and Stability

Natural Safety Factors

Simplicity of Design

Simplicity of Connections

Ease of Proper Installation 





2017 Hurricane Irma 

Does the Simplicity of Design Make a Difference –
Experience Says YES



The Secret 
of 

Masonry 
Resilience  

Product Weight and Stability

Natural Safety Factors

Simplicity of Design

Simplicity of Connections

Ease of Proper Installation 



Thousands of Connections to Install



Hurricane Andrew - 2002

Masonry 1st Floor



530 Blackbeard Road
Little Torch Key

Masonry 1st Floor

Hurricane Irma - 2017



The Secret 
of 

Masonry 
Resilience  

Product Weight and Stability

Natural Safety Factors

Simplicity of Design

Simplicity of Connections

Ease of Proper Installation 





Summary

Light-frame wood construction did not perform as expected. Heavy-frame masonry construction performed. 

All structural connections in coastal environments need to convert from galvanized to stainless steal connections.  

Light gauge metal cladding and exterior insulation and finishing systems (EIFS) had failed with Irma wind speeds.

Irma was not a code event – did not test the code.  Winds < 125 mph

Tornado / Microbursts occurred pushing winds gust over 130 mph.  

Codes need to adopt ICC 600-2014 (Hurricane Resistant Residential Construction methods)

Codes need to adopt more parity between heavy and light frame materials. 

We need to prepare now for the inevitable.   



The 
Future

Maintaining strong 
codes governing the 
construction of all 
types of wall systems.



QUESTIONS?


