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TORNADO REPORT

The Performance, under actual tornado conditions, of Single Family Residential Construction built
under the older SBCCI’s Appendix D Standard are compared to the newer (post Hurricane Andrew)
SBCClI’srequirements of SSTD-10

Sub Title: THE SSTD-10 CONCRETE MASONRY HOMES PERFORMED EXTREMELY WELL
IN THE RECENT ORLANDO AREA TORNADOES

By Belcher! and Gulde?

Overview - This pictorial review, illustrates the performance of single family residential structures built
under the SBCCI’s Appendix D as compared to the homes constructed to meet the newer requirements of
SSTD-10. As a matter of record, the Appendix D requirements were the building requirements prior to
Hurricane Andrew; the SSTD-10 requirements were put in place a short time after Hurricane Andrew. The
Tornadoes that struck on the night of February 22" surrounding the Orlando Area in Seminole County and
Osceola County provided an excellent opportunity to assess the performance of single family residences
constructed under both standards. The performance of homes constructed under the newer SSTD-10
requirement was excellent, thus illustrating the value and the real worth of the new standard.

Hurricane Andrew Review - As a point of reference, a summary from Hurricane Andrew would state that
mobile homes and manufactured homes disappeared in the wind. The frame homes although fairing
somewhat better were virtually destroyed beyond the ability of engineers and inspectors to assess the
specific manner of failure. Block homes, although receiving extensive damage, were not so badly
damaged as they performed in a manner as to afford the engineers and inspectors the opportunity to assess
the specific manner of failure. It is a matter of records that overall, the block homes performed very well in
Hurricane Andrew as compared to other residential building systems.

Appendix D — Under the requirements of Appendix D, a block home required vertical reinforcement steel
in each corner and at a spacing of not more than 256 sq. ft. with a horizontal bond beam at the top of the
wall. A home with an eight-foot high wall, using the 256-sq. ft. rule would have vertical steel spaced at 32
feet apart. Although the performance of block homes under Appendix D has been generally superior to the
general performance of a frame house; to improve the performance even further, the SSTD-10 requires
closer spacing of vertical steel reinforcing.

SSTD-10 - The steel reinforcing required by SSTD-10 can generally be summarized as placement of a
vertical steel bar at each corner plus on either side of a six foot or larger opening, at each end of the shear
wall segments, and at closer spacing along the wall length. The closer spacing along the length of the wall
usually figures to be at about every 8 feet or 12 feet. The requirement for the horizontal bond beam at the
top remains. Some folks thought that the Appendix D requirements were adequate; however, the increased
requirements under SSTD-10 has proven in these Tornadoes, to be a wonderful safety, security, and
financial benefit.

Life Safety Issues— The general public have a right to consider their home a refuge of safety from most
storms and a place where their life is not threatened by the weather. The building codes attempt to
establish a standard whereby the life and safety of residential occupants is generally not threatened. Many
articles have been published illustrating that the mobile homes, the manufactured houses, and the RV’s
sustained tremendous damage and loss of life. Loss of life has been placed at 42 with no life loss in
conventionally constructed homes. Most of the conventionally constructed homes where the tornadoes hit
were constructed of block. This result attests to the durability of block and the general safety of block
homes even in a very devastating tornado.

Safety, Security, and Financial Benefit — One of the most dramatic comparisons of safety and financial
benefit became apparent to Mr. Mclntosh of Seminole County. His home was of the SSTD-10 block
construction. He built the home16 month before the night that the tornadoes ravished the neighborhood.



Frame homes on either side of his block home were destroyed as was the mobile home to the front of his
home. The tree behind his home was tore apart. His home suffered missile damage, garage door damage
and some roof damage but remained occupied and the neighbors came to him seeking refuge in the night
and days following the storm. Consider the financial implications that his neighbors had to face compared
to those Mr. Mclntosh faced. He suffered some very repairable roof damage, some missile damage and a
new garage door. His neighbors lost everything, their homes, the contents, everything. A huge financial
difference. Additional details regarding the McIntosh home appear later in the report.

Osceola County - Lakeside Atlantic Gulf Communities— This community provided the opportunity to
assess the manner by which residential construction sustained damage in two side by side communities
devastated by the tornado. The west community was Flamingo Lakes, which represented construction of
the SBCCI’s Appendix D era. To the immediate East of Flamingo Lakes was Parsons Pond, which
represented construction of the SBCCI’s SSTD-10 era. We’ll review the community of Flamingo Lakes
first and then follow the path of the tornado right to Parsons Pond. Following will be a pictorial review of
the damage assessment findings.

Flamingo Lakes— SBCCI: Appendix D era homes

CG4-10

Some reporters referred to this home as “ground zero”, or “direct hit”.
This photograph illustrates the most severe damage. The homes in the direct hit area were totally
destroyed. However, even in this state of destruction, the block homes could still be evaluated as to how
and why they came apart. As illustrated in this photograph, even with total destruction of the immediate
home, the block walls on the structure immediately to the side stood. This series of photographs will
describe the basic flaws found in the Appendix D homes.



CG4-14

Classical or Typical Failure mode of the Appendix D home.

This photograph should be described as illustrating the *“classical failure mode” of the Appendix D home.

The following steps are deemed by most inspectors to have taken place:

1. The garage door is breached, this pressurizes the inside.

2. The up-lift force on the roof, through the truss connectors, lifts the horizontal bond beam at the top of
the block wall.

3. With the bond beam block course lifted from the wall, the wall falls out or is blown out from the
pressurized inside.

4. Sheathing is lifted from the trusses.

Illustrating another photo of the “Classical Failure Mode”.



This failure mode is repeated in most of the Appendix D homes. The thirty-two feet spacing between
vertical steel rebars as tie-downs aids in allowing the bond beam to lift from the wall and the wall to be
blown outward. The newer SSTD-10, by spacing the vertical steel closer remedies this. No failures of this
sort were observed in the SSTD-10 homes.

CG4-06

Vertical steel rebars are observed at the corners and one at mid-length of the wall. (The vertical element
near the window is in fact a plumbing pipe).

Note:

All walls are designed to be supported at the top of the wall by the roof or ceiling diaphragm. When this
fails, then the walls are expected to fail. In the most direct hit areas when the roof diaphragm was lost, then
the walls also failed. For non-engineers, it should be noted that walls are designed as simple beams
supported at their base and again supported at the top of the wall by the roof or ceiling diaphragm. No
walls are designed to stand after the loss of the roof. However, often times because of the inherent safety
factors in block construction, the walls do stand even after the loss of the supporting roof.

JB2-30  -0006




The photograph above illustrates that most block walls remained standing even though they lost the support
from the roof. This is a testimony to the inherent strength of the block systems even under Appendix D,
and now under SSTD-10 they even perform better.

CG6-11

At the base of the bond beam block is a grout stop. There are a number of ways to accomplish the grout
stop. The most common grout stop in today’s construction consists of a simple plastic screen covering the
cavities of the block below. During the era of the Appendix D construction, oftentimes, a felt paper was
used to stop the grout. This felt paper is illustrated in this photograph. The felt paper is a bond breaker and
should not be used as a grout stop. To achieve good bond, the plastic screening is preferred and is most
commonly used.

CG4-13

View illustrating that the homes most directly hit were demolished, whereas as one moves to either side,
the homes begin to stand even though they may loose the roof diaphragm.



JB2-41 -0017

Home at the left lost almost three walls; the home adjacent to the immediate right suffered primarily the
loss of the roof and minimal exterior wall damage.

CG4-12

Truss Straps Embedded in the Bond Beam Block

In the loss of the roof diaphragm, most inspectors observed that in most cases the strap embedded in the
bond beam did not pull out. If the truss departed from the strap, it was due to the nails pulling out, the truss
breaking, or the truss strap breaking. There were few failures from the strap pulling out from the concrete.



JB2-45 0021

Truss Straps.

This photograph illustrates the strap over the truss and the fact that most failure started with the plywood
delaminating from the truss. This was typical of what was found in Hurricane Andrew. Also illustrates
how the up-lift starts to separate the bond beam from the lower part of the wall.

CG4-11

A corner of safety.

Even in the most severely damaged block homes, many residents expressed that they were able to a corner
of safety. With the roof gone and often times some of the walls, there yet remained in most cases enough
structure that it provided a margin of safety, even if it was a small margin.



JB2-44 0020

No Loss of Life.

Overview illustrating even with severe roof damage and even the loss of some wall areas, most of the walls
stood and provided some amount of safety. Although physical damage was great, the Appendix D homes
provided enough safety that no loss of life occurred in these homes.

JB2-42 0018

Roof Damage Abounds
Away from the immediate impact area, homes begin to primarily exhibit roof damage.



CG4-09

Roof all gone — Yet, a lot to be thankful for.
Many residents showed their thankfulness with signs such as this painted on their homes. It is truly
amazing that there was no loss of life in these devastated homes.

Uplift, Bond Beam separation, Sheathing Loss
A photograph documenting the typical scenario regarding the Appendix D homes that were not in the
immediate direct hit area.



JB3-49 0001

Classical Appendix D Failure

Garage door is breached, the home is pressurized on the interior, the bond beam lifts up, the wall blows out.
Remedy: Closer spacing of vertical steel, better attachment of sheathing. Loss of sheathing lead to the
trusses falling down and then the walls loosing their support and falling.

Par sons Pond Area— SBCCI’'s SSTD-10

The Parsons Pond area was adjacent to the East of the Flamingo Lakes area. Parsons Pond was constructed
after Hurricane Andrew and the building code in effect was referred to the SBCCI’s SSTD-10 Standard.
The following series of photographs will follow the path of the Tornado from Flamingo Lakes to and
through the Parsons Pond area.

JB3-50 0002

View from Flamingo Lakes towards Parsons Pond
The photographer is standing at Flamingo Lakes and the camera is pointed to Parsons Pond. The damage
area that is visible are the first damaged homes in the Parsons Pond area.



Overview of the Performance in the Parsons Pond ar ea.

The homes in Parsons Pond were SSTD-10 era homes. The first three homes were frame homes and were
damaged beyond repair. The remaining homes were constructed of block to the SSTD-10 standard and the
performance was excellent. The following series of photographs document and detail the performance.
Comparing the performance of these homes to the Appendix D era homes, one must be pleased to see the
improvement in performance and be especially pleased with the additional safety afforded and the
tremendous financial savings. All the SSTD-10 block homes were repairable and the primary damage was
confined to some roof loss. One home suffered some wall loss, but it was due to missile damage. The
missile was a neighbor’s car that was thrown by the Tornado into the corner of the garage. This will be
illustrated a little later in the report. The enhanced performance under SSTD-10 attests to the benefit of
this newer and needed standard.

JB3-51 0003

Closer view across Parsons Pond towards the damaged homes.

P.S. to this report
Although this report was submitted to TMS, it was never published by them as they

felt that it was biased toward masonry construction. The authors were merely
reporting their findings.









Seminole County — Overview

The same overall analysis that mobile homes, manufactured housing, and RV’s were totaled or disappeared
in the wind. The frame homes generally sustained damage as to make them non-repairable. The older
Appendix D homes sustained the same type of damage as did the similar homes in Flamingo Lakes. The
newer SSTD-10 block homes, came through the tornado in excellent manner. This again attests to the fact
that the SSTD-10 requirements are in fact a real life safety issue and performed in an absolutely excellent
manner. In a spirit of brevity, only one example of this performance in Seminole County will be illustrated,
although many more examples can be brought forward.

JB1-19

Robert MclIntosh home — 855 Myrtle — Seminole County

Frame homes on either side of Mr. Mclntosh’s home were destroyed. One can view part of the mobile
home, which was destroyed, to the front side of the home. At the rear of the home the severity of the storm
was evident due to the tremendous tree damage. This block home proved to be an oasis of safety for Mr.
Mclntosh, his family and his neighbors. He reported that his neighbors came to his home for safety and
security. The performance of this SSTD-10 block home was outstanding, thus attesting to the value of the
new standard. This home suffered some roof damage to the rear of the home. Missile damage to the
garage wall and missile damage to the hurricane channel reinforced garage door. An oasis of safety in the
midst of destruction.



JB 1-22

Robert McIntosh Home — Front View
Although this home appears to have wood siding on it, it is actually a block home with vinyl siding.

CG5-11

Missile Damage
Mr. Mclintosh is pointing to the hole, which was caused by a 4x4 missile impacting the side of his garage.
This is on the backside of his home. One can view the soffit damage above his head. Although this block
home was in the middle of an area of devastation, it withstood the ravages of the storm and the damage is
readily repairable. This home was built about 16 months prior to the tornado event.



CG 5-13

Hurricane reinforced Garage Door

Mr. Mclntosh had already replaced his missile damaged garage door with a new door. He took the steel
channels from his prior door and placed them on the new door. The new door is viewed installed. The old
missile damaged door is seen lying on the ground in front of the garage. This attests to the value of the
hurricane resistant garage doors.

Topic: SSTD 10 CONCRETE MASONRY HOMESPERFORMED WELL IN THE RECENT
ORLANDO AREA TORNADOES

Authors: Belcher! and Guldée’

Summary: A comprehensive review, utilizing slides, illustrating the performance of single family
residential structures built under the SBCCI’s Appendix D as compared to the homes constructed to meet
the newer requirements of SSTD-10. The Tornadoes that struck on the night of February 22" surrounding
the Orlando Area in Seminole County and Osceola County provided an excellent opportunity to assess the
performance of single family residences constructed under both standards. The performance of homes
constructed under the newer SSTD-10 requirement was excellent, thus illustrating the value and worth of
the new standard.

L earning Objectives: 1) Gaining a more comprehensive understanding of the current SBCCI’s SSTD-10
standard for residential construction in High Wind Areas. 2) Gain a definitive understanding of the
difference between the standard of Appendix D and SSTD-10.

Innovation: The unique feature of this report is that prior to the tornadoes of February *98, there was no
real world workshop to document the performance of the new residential standard. This event provided the
“real world laboratory” for documenting the performance. Prior to this it was all theory, now the facts are
in and they tell the real story.

Audience: This is a lesson that should be presented to all parties in the residential Construction business.
This should include Residential Architects, Engineers, Designers, Building Code Officials, Building
Inspectors. This report is an excellent introduction for the entry-level candidate, but will be appreciated by
the experienced and advanced practitioner. All levels will benefit and find value in this information.



1. Joe Belcher, CBO, JDB Code Services, phone 407/282-6634
2. Jim Gulde, CSI, CDT, CCCM, Masonry Institute of Florida, 304 Kachuba Court, Altamonte Springs
Florida, ph 407/834-1976, fx 407/834-3772.

This report is available as a presentation program from the two authors:
Speaker’s Experience

Joe Belcher is recognized by many as a former Building Official of Gainesville, Florida. He is a certified
Building Official, General Contractor, Construction Document Technologist and Masonry Consultant. A
code consultant with over twenty years experience. Joe has worked in the enforcement (ten years) and
industry sides of the codes. His wide range of speaking engagements includes the National Hurricane
Conference and the Governor’s (Florida) Hurricane Conference. Joe has presented educational sessions at
the annual conferences of the Southern Building Code Congress International (SBCCI), the Building
Officials Association of Florida, the Building Officials Association of South Florida, the American Society
of Civil Engineers, the Florida AlA, the Florida Fire Marshals Association, the Building Officials of
Georgia. Joe has been extremely active in codes and served on many committees developing the codes.
Joe served on the Southern Building Code Congress International committee, which developed the first
version of the SBCCI Standard for Hurricane Resistant Residential Construction, SSTD 10, and remains
active in the process to update and simplify the Standard. Joe has investigated the damage of all hurricanes
making landfall in Florida and as far north as the Carolinas since Hurricane Elena.

Jim Gulde s a well-known speaker in the construction industry. He lectures in the Civil Engineering
Departments and Architecture Departments of the University of Florida, University of South Florida,
Miami University and is Past Chairman of the Board of the National Concrete Masonry Association, Past
Director of The Masonry Society, active on committees of ACI, ASTM, TMS, NCMA, CSI, MACS and
other Masonry Industry groups. He has conducted the masonry certification workshop throughout Florida
for the past eight years and has over 2000 graduates of the workshop. The attendees at these workshops
include Architects, Engineers, Building Officials, Building Inspectors, General Contractors, Educators, and
Laboratory Technicians. His speaking engagements have brought him to every major city in Australia, to
Russia, and Europe as well as throughout the United States and Canada. His subjects include, but are not
limited to the following: Block Structure, Wind Load Design, Energy Efficiency of Block, Stucco on
Block, Flexibility in Design, Developing Curb Appeal, Key Masonry Inspection Points, Utilizing
Architectural Block in Commercial Structures, Most common misunderstandings about Masonry. His
presentation includes many local, state and national forums.

P.S. to this report
Although this report was submitted to TMS, it was never published by them as they

felt that it was biased toward masonry construction. The authors were merely
reporting their findings.






