DRAFT

September 10, 2009


Vulnerability Standards

V-1
Derivation of Vulnerability Functions*

(*Significant Revision)
A. Development of the vulnerability functions is to be based on a combination of the following: (1) historical data, (2) tests, (3) structural calculations, (4) expert opinion, or (5) site inspections.  Any development of the vulnerability functions based on structural calculations or expert opinion shall be supported by tests, site inspections, and historical data. 

B. The method of derivation of the vulnerability functions and associated uncertainties shall be theoretically sound.

C. 
D. Building height, construction type, and construction characteristics shall be used in the derivation and application of vulnerability functions.
E. In the derivation and application of vulnerability functions, assumptions concerning building code revisions and building code enforcement shall be justified.
F. Vulnerability functions shall be separately derived for building structures, mobile homes, appurtenant structures, contents, and time element coverages.

G. The minimum windspeed that generates damage shall be reasonable.

H. Vulnerability functions shall include damage due to hurricane hazards such as windspeed and wind pressure, water infiltration, and missile impact.  Vulnerability functions shall not include explicit damage due to flood, storm surge, or wave action.
Purpose:
The development of vulnerability functions shall not be based exclusively on structural calculations or expert opinion.  Use of structural calculations or expert opinion shall be supported by site inspections, tests, and historical data, and their use shall be appropriate.

The development of vulnerability functions shall be documented with respect to the sources, including data and calculations derived from site inspections and engineering judgment.


The effects of building codes and their enforcement that affect the vulnerability functions shall be considered and be reasonably represented in the model.


Separate vulnerability functions are required for building structures, mobile homes, appurtenant structures, contents, and time element coverages. 
Damage certainly occurs above the hurricane threshold of 74 mph, but can also occur for windspeeds well below this threshold.

Relevant Forms:
G-3, Vulnerability Standards Expert Certification






V-1, One Hypothetical Event

Disclosures

1. Provide a flow chart documenting the process by which the vulnerability functions are derived and implemented.

2. Describe the nature and extent of actual insurance claims data used to develop the model’s vulnerability functions.  Describe in detail what is included, such as, number of policies, number of insurers, date of loss, and number of units of dollar exposure, separated into personal residential, commercial residential, and mobile home. 

3. Summarize site inspections, including the source, and provide a brief description of the resulting use of these data in development, validation, or verification of vulnerability functions.

4. Describe the research used in the development of the model’s vulnerability functions.

5. Describe the categories of the different vulnerability functions.  Specifically, include descriptions of the structure types and characteristics, building height, year of construction, and coverages in which a unique vulnerability function is used.  

6. Describe the process by which local construction and building code criteria are considered in the model.

7. Identify the one-minute average sustained windspeed at which the model begins to estimate damage.

8. Describe how the duration of windspeeds at a particular location over the life of a hurricane is considered.

9. Provide a completed Form V-1, One Hypothetical Event.

Audit

1. Historical data shall be available in the original form with explanations for any changes made and descriptions of how missing or incorrect data were handled.  To the extent that historical data are used to develop vulnerability functions, demonstrate the goodness-of-fit of the data to fitted models.  Complete reports detailing loading conditions and damage suffered are required for any test data used.  Complete structural calculations shall be presented so that a variety of different structure types and construction characteristics may be selected for review.  The basis for expert opinion and original site inspection reports shall be available for review.

2. Copies of any papers, reports, and studies used in the development of the vulnerability functions shall be available for review.  Copies of all public record documents used may be requested for review.

3. Multiple samples of vulnerability functions for building structures, mobile homes, appurtenant structures, contents, and time element coverages shall be available.  The magnitude of logical changes among these items for a given windspeed shall be explained and validation materials shall be available.

4. Justify the construction types and characteristics used.
5. Provide validation of the mean vulnerability functions and associated uncertainties.
6. Document and justify all modifications to the vulnerability functions due to building codes and their enforcement.  If age of building is used as a surrogate for building code and code enforcement, provide complete supporting information for the number of age groups used as well as the year(s) of construction that separates particular group(s).  

7. Provide validation material for the disclosed minimum windspeed.  Provide the computer code showing the inclusion of the minimum windspeed at which damage occurs.

8. The effects on building vulnerability from local and regional construction characteristics and building codes will be reviewed.

9. Form V-1 will be reviewed. 

V-2
Mitigation Measures

A. Modeling of mitigation measures to improve a structure’s wind resistance and the corresponding effects on vulnerability shall be theoretically sound.  These measures shall include fixtures or construction techniques that enhance:

· Roof strength

· Roof covering performance

· Roof-to-wall strength

· Wall-to-floor-to-foundation strength

· Opening protection

· Window, door, and skylight strength.

B. Application of mitigation measures shall be empirically justified both individually and in combination.

Purpose:
Florida Statutes require rate filings to include, but not be limited to, the fixtures or construction techniques listed in this standard.  Subsequent Florida Office of Insurance Regulation Informational Memorandum 02-0470M refers to a public domain study and further defines the items required:

1. Enhanced roof strength.  Example: Braced gable end roof.

2. Enhanced roof covering performance.  Example:  Roof covering materials that comply with the Florida Building Code (110 mph rated shingle).

3. Enhanced roof-to-wall strength.  Example: Hurricane clips or straps, increased size or decreased spacing of nails in roof deck attachment.

4. Enhanced wall-to-floor-to-foundation strength.  Example: Stronger anchor bolts or closer spacing of anchors.

5. Opening protection.  Example: Shutter products.

6. Window, door, and skylight strength.  Example: Impact resistant glazing.

Also listed are items that shall be considered:

1. Roof shape – hip roof (sloping ends and sloping sides down to the roof eaves line).

2. Wall construction – wood frame, unreinforced or reinforced masonry.

3. Opening protection for non-glazed openings – doors and garage doors.

4. Gable end bracing for roof shapes other than hip roof.

It is necessary to account for the total impact that the use of multiple mitigation measures will have on damage.  When multiple mitigation measures are used, the effect on damage may not be the sum of the effects of the individual measures.  

Relevant Forms:
G-3, Vulnerability Standards Expert Certification



V-2, Mitigation Measures – Range of Changes in Damage



V-3, Mitigation Measures – Mean Damage Ratio

Disclosures

1.
Provide a completed Form V-2, Mitigation Measures – Range of Changes in Damage.  

2. Provide a description of the mitigation measures used by the model that are not listed in Form V-2.

3.
Describe how mitigation is implemented in the model.  Identify any assumptions.
4.
Describe the process used to ensure that multiple mitigation factors are considered appropriately in the model.
Audit

1. Forms V-2 and V-3 (Trade Secret List item) provide the information used in auditing this standard. 

2. Individual mitigation measures as well as their effect on damage due to use of multiple mitigation measures will be reviewed.  Any variation in the change over the range of windspeeds for individual and multiple mitigation measures will be reviewed.

3. Mitigation measures used by the model that are not listed as required in this standard will be disclosed and shown to be theoretically sound and reasonable.

Form V-1:  One Hypothetical Event

A.
Windspeeds for 335 ZIP Codes and sample exposure data are provided in the file named “FormV1Input09.xls.”  The windspeeds and ZIP Codes represent a hypothetical hurricane track.  The modeler is instructed to model the sample exposure data provided in the file against these windspeeds at the specified ZIP Codes and provide the damage ratios summarized by windspeed (mph) and construction type.

The windspeeds provided are one-minute sustained 10-meter windspeeds.  The sample exposure data provided consists of four structures (one of each construction type – wood frame, masonry, mobile home, and concrete) individually placed at the population centroid of each of the ZIP Codes provided.  Each ZIP Code is subjected to a specific windspeed.  For completing Part A, Estimated Damage for each individual windspeed range is the sum of ground up loss to all structures in the ZIP Codes subjected to that individual windspeed range, excluding demand surge and storm surge.  Subject Exposure is all exposures in the ZIP Codes subjected to that individual windspeed range.  For completing Part B, Estimated Damage is the sum of the ground up loss to all structures of a specific type (wood frame, masonry, mobile home, or concrete) in all of the windspeed ranges, excluding demand surge and storm surge.  Subject Exposure is all exposures of that specific type in all of the ZIP Codes.

One reference structure for each of the construction types shall be placed at the population centroid of the ZIP Codes.  Do not include contents, appurtenant structures, or time element coverages.

	Reference Frame Structure:
One story

Unbraced gable end roof

Normal shingles (55mph)

½” plywood deck

6d nails, deck to roof members

Toe nail truss to wall anchor

Wood framed exterior walls

5/8” diameter anchors at 48” centers for wall/floor/foundation connections        

No shutters

Standard glass windows

No door covers

No skylight covers

Constructed in 1980
	Reference Masonry Structure:

One story

Unbraced gable end roof

Normal shingles (55mph)

½” plywood deck

6d nails, deck to roof members

Toe nail truss to wall anchor

Masonry exterior walls

No vertical wall reinforcing

No shutters

Standard glass windows

No door covers

No skylight covers

Constructed in 1980



	Reference Mobile Home Structure:

Tie downs

Single unit

Manufactured in 1980
	Reference Concrete Structure:


Reinforced concrete moment-

resisting frame


Twenty story


Constructed in 1980



B.
Confirm that the structures used in completing the form are identical to those in the above table.  If additional assumptions are necessary to complete this form (for example, regarding structural characteristics, duration, or surface roughness), the modeler shall provide the reasons why the assumptions were necessary as well as a detailed description of how they were included.  

C.
Provide a plot of the Form V-1, Part A data. 

Form V-1:  One Hypothetical Event

Part A

	Windspeed (mph)
	
	Estimated Damage/

Subject Exposure

	41 – 50 
	
	

	51 – 60 
	
	

	61 – 70
	
	

	71 – 80
	
	

	81 – 90
	
	

	91 – 100
	
	

	101 – 110
	
	

	111 – 120
	
	

	121 – 130
	
	

	131 – 140
	
	

	141 – 150
	
	

	151 – 160
	
	

	161 – 170
	
	


Part B

	Construction Type
	
	Estimated Damage/

Subject Exposure

	
Wood Frame
	
	

	
Masonry
	
	

	
Mobile Home
	
	

	
Concrete
	
	


Form V-2:  Mitigation Measures – Range of Changes in Damage

A.
Provide the change in the zero deductible personal residential reference structure damage rate (not loss cost) for each individual mitigation measure listed in Form V-2 as well as for the combination of the four mitigation measures provided for the Mitigated Frame Structure and the Mitigated Masonry Structure below.  

B.
If additional assumptions are necessary to complete this form (for example, regarding duration or surface roughness), the modeler shall provide the rationale for the assumptions as well as a detailed description of how they are included.  

C.
Provide this form on CD in Excel format without truncation.  The file name shall include the abbreviated name of the modeler, the standards year, and the form name.  A hard copy of Form V-2 shall be included in the submission. 
	Reference Frame Structure:
One story

Unbraced gable end roof

Normal shingles (55mph)

½” plywood deck

6d nails, deck to roof members

Toe nail truss to wall anchor

Wood framed exterior walls

5/8” diameter anchors at 48” centers for wall/floor/foundation connections        

No shutters

Standard glass windows

No door covers

No skylight covers

Constructed in 1980


Mitigated Frame Structure:

Rated shingles (110mph)

8d nails, deck to roof members

Truss straps at roof

Plywood Shutters


	Reference Masonry Structure:

One story

Unbraced gable end roof

Normal shingles (55mph)

½” plywood deck

6d nails, deck to roof members

Toe nail truss to wall anchor
Masonry exterior walls

No vertical wall reinforcing

No shutters

Standard glass windows

No door covers

No skylight covers

Constructed in 1980

Mitigated Masonry Structure:
Rated shingles (110mph)

8d nails, deck to roof members

Truss straps at roof

Plywood Shutters




Reference and mitigated structures are $100,000 fully insured structures with a zero deductible policy as indicated under “Owners” Policy Type for Form A-6.

Place the reference structure at the population centroid for ZIP Code 33921 located in Lee County.  

Windspeeds used in the form are one-minute sustained 10-meter windspeeds.
Form V-2:  Mitigation Measures – Range of Changes in Damage


	
INDIVIDUAL
 MITIGATION MEASURES
	PERCENTAGE CHANGES IN DAMAGE  



            ((REFERENCE DAMAGE RATE - MITIGATED DAMAGE RATE) / REFERENCE DAMAGE RATE) * 100

	
	FRAME STRUCTURE
	MASONRY STRUCTURE

	
	WINDSPEED (MPH)
	WINDSPEED (MPH)

	
	60 
	85 
	110
	135 
	  160
	60 
	85
	110 
	135
	160

	
	REFERENCE STRUCTURE
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	
	
	
	
	
	
	
	
	
	
	
	

	
	BRACED GABLE ENDS
	
	
	
	
	
	
	
	
	
	

	
	HIP ROOF
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	METAL
	
	
	
	
	
	
	
	
	
	

	
	RATED SHINGLES (110 MPH)
	
	
	
	
	
	
	
	
	
	

	
	MEMBRANE
	
	
	
	
	
	
	
	
	
	

	
	NAILING OF DECK
	8d
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	CLIPS
	
	
	
	
	
	
	
	
	
	

	
	STRAPS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	TIES OR CLIPS
	
	
	
	
	
	
	
	
	
	

	
	STRAPS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	LARGER ANCHORS OR

CLOSER SPACING
	
	
	
	
	
	(
	(
	(
	(
	(

	
	STRAPS
	
	
	
	
	
	(
	(
	(
	(
	(

	
	VERTICAL REINFORCING
	(
	(
	(
	(
	(
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	WINDOW
	PLYWOOD
	
	
	
	
	
	
	
	
	
	

	
	SHUTTERS
	STEEL
	
	
	
	
	
	
	
	
	
	

	
	
	ENGINEERED
	
	
	
	
	
	
	
	
	
	

	
	DOOR AND SKYLIGHT COVERS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	WINDOWS
	LAMINATED
	
	
	
	
	
	
	
	
	
	

	
	
	IMPACT GLASS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	MITIGATION MEASURES IN COMBINATION
	PERCENTAGE CHANGES IN DAMAGE  



            ((REFERENCE DAMAGE RATE - MITIGATED DAMAGE RATE) / REFERENCE DAMAGE RATE) * 100

	
	FRAME STRUCTURE
	MASONRY STRUCTURE

	
	WINDSPEED (MPH)
	WINDSPEED (MPH)

	
	60
	85
	110
	135
	160
	60
	85
	110
	135
	160

	
	
	
	
	
	
	
	
	
	
	
	

	
	MITIGATED STRUCTURE
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Form V-3:  Mitigation Measures – Mean Damage Ratio

Trade Secret List Item

A.
Provide the mean damage ratio (prior to any insurance considerations) to the reference structure for each individual mitigation measure listed in Form V-3 as well as the percent damage for the combination of the four mitigation measures provided for the Mitigated Frame Structure and the Mitigated Masonry Structure below. 

B.
If additional assumptions are necessary to complete this form (for example, regarding duration or surface roughness), the modeler shall provide the rationale for the assumptions as well as a detailed description of how they are included.  

C.  Provide a graphical representation of the vulnerability curves for the reference structure and the fully mitigated structure.

	Reference Frame Structure:
One story

Unbraced gable end roof

Normal shingles (55mph)

½” plywood deck

6d nails, deck to roof members

Toe nail truss to wall anchor

Wood framed exterior walls

5/8” diameter anchors at 48” centers for wall/floor/foundation connections        

No shutters

Standard glass windows

No door covers

No skylight covers

Constructed in 1980


Mitigated Frame Structure:

Rated shingles (110mph)

8d nails, deck to roof members

Truss straps at roof

Plywood Shutters


	Reference Masonry Structure: 
One story

Unbraced gable end roof

Normal shingles (55mph)

½” plywood deck

6d nails, deck to roof members

Toe nail truss to wall anchor
Masonry exterior walls

No vertical wall reinforcing

No shutters

Standard glass windows

No door covers

No skylight covers

Constructed in 1980

Mitigated Masonry Structure:
Rated shingles (110mph)

8d nails, deck to roof members

Truss straps at roof

Plywood Shutters




Reference and mitigated structures are $100,000 fully insured structures with a zero deductible policy as indicated under “Owners” Policy Type for Form A-6.

Place the reference structure at the population centroid for ZIP Code 33921 located in Lee County.  

Windspeeds used in the form are one-minute sustained 10-meter windspeeds.
Form V-3:  Mitigation Measures – Mean Damage Ratio

Trade Secret List Item
	INDIVIDUAL
 MITIGATION MEASURES
	MEAN DAMAGE RATIO

	
	FRAME STRUCTURE
	MASONRY STRUCTURE

	
	WINDSPEED (MPH)
	WINDSPEED (MPH)

	
	60 
	85 
	110
	135 
	  160
	60 
	85
	110 
	135
	160

	
	REFERENCE STRUCTURE
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	BRACED GABLE ENDS
	
	
	
	
	
	
	
	
	
	

	
	HIP ROOF
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	METAL
	
	
	
	
	
	
	
	
	
	

	
	RATED SHINGLES (110 MPH)
	
	
	
	
	
	
	
	
	
	

	
	MEMBRANE
	
	
	
	
	
	
	
	
	
	

	
	NAILING OF DECK
	 8d
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	CLIPS
	
	
	
	
	
	
	
	
	
	

	
	STRAPS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	TIES OR CLIPS
	
	
	
	
	
	
	
	
	
	

	
	STRAPS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	LARGER ANCHORS OR 

CLOSER SPACING
	
	
	
	
	
	(
	(
	(
	(
	(

	
	
	
	
	
	
	
	
	
	
	
	

	
	STRAPS
	
	
	
	
	
	(
	(
	(
	(
	(

	
	VERTICAL REINFORCING
	(
	(
	(
	(
	(
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	WINDOW
	PLYWOOD
	
	
	
	
	
	
	
	
	
	

	
	SHUTTERS
	STEEL
	
	
	
	
	
	
	
	
	
	

	
	
	ENGINEERED
	
	
	
	
	
	
	
	
	
	

	
	DOOR AND SKYLIGHT COVERS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	WINDOWS
	LAMINATED
	
	
	
	
	
	
	
	
	
	

	
	
	IMPACT GLASS
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	MITIGATION MEASURES IN COMBINATION
	MEAN DAMAGE RATIO

	
	FRAME STRUCTURE
	MASONRY STRUCTURE

	
	WINDSPEED (MPH)
	WINDSPEED (MPH)

	
	60 
	85 
	110
	135 
	  160
	60 
	85
	110 
	135
	160

	
	
	
	
	
	
	
	
	
	
	
	

	
	MITIGATED STRUCTURE
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