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Our Floodprone Nation- Getting Worse!
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Photo Credit: Caltrans

3.5 million miles of streams rivers and 
coastlines in the United States (1.2 
million miles mapped)

8.7 million properties at risk from 
flooding in SFHA (per FEMA)

Annual flood losses roughly doubling 
per decade - now $20+ billion/yr.



Our Floodprone Nation – Getting Worse!
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From First Street Foundation:

17.7 million properties similar risk from 
flooding in SFHA + non-mapped + 
pluvial areas (per First Street 
Foundation)

New precipitation model shows 1-in-
100 year flooding can now be expected 
every 8 years in some areas



A Portfolio Approach to Flood Loss Reduction
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Engineering & Technology Standards – ANSI 2510, ASCE 7, ASCE 24 

Building Codes

Special Purpose Regulations – Minimum NFIP Standards, USACE Levee 
Design Manual and National Levee Safety Guidelines

Land Use Standards – Zoning and Subdivision Regulations

Infrastructure – Sedimentation and Erosion Control, Future Conditions 
Guidelines



ANSI 2510
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Developed from FM Approvals 2510 
for flood abatement technologies as 
they evolve

Standards for six types of products:
•Perimeter barriers
•Opening barriers
•Flood Mitigation Valves
•Flood Mitigation Pumps
•Penetration Sealing Devices
•Flood Glazing



ANSI 2510
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ASFPM’s Flood Mitigation Certification Program 
allows for testing and certification of these 
products connecting them to the practitioner 
community

Partnership
•ASFPM
•US Army Corps of Engineers
•FM Approvals

Requirement for ANSI 2510 certified products 
when using FEMA Public Assistance or Mitigation 
funds



Land Use: Subdivision Design and Flood 
Hazard Areas
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1.43 million housing starts in the US 
last year.  Most are in subdivisions

Over 60+ recommended standards for 
more effective flood risk management

Focuses more on the where to build as 
well as infrastructure layout and design

Partnership between ASFPM and the 
American Planning Association supported 
by FEMA



Infrastructure:  Planning for Resilience
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As a nation we don’t have consistent flood 
resilience design standards for infrastructure

Critical inputs – rainfall/frequency, future 
conditions

Another collaboration between APA and 
ASFPM, researched best practice and 
strategies from communities tackling this 
issue.



Key Takeaways
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It is important that our standards and codes evolve 
when it comes to flooding

We pay far less attention to land use and its role in 
flood loss or hazards reduction than we should  

Imperative that we identify all current and future 
flood prone areas in the nation and a national Atlas 
15 – codes and standards depend on them



ASCE 7 Flood Supplement –Chapter 5
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https://ascelibrary.org/doi/10.1061/9780784415788.sup2

• Supplement 2 approved by ASCE, published as part of ASCE 22 May 23, 2022
• Available for free online

https://ascelibrary.org/doi/10.1061/9780784415788.sup2
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From ASCE Standard to ICC Code Adoption

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

International 
Building Code
(3-year cycle)

ASCE 7
(6-year 
cycle)

20
24

20
27

2022 2028

20
30



September 6, 2023 National Institute of Building Sciences 12

From ASCE Standard to ICC Code Adoption

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

International 
Building Code
(3-year cycle)

ASCE 7
(6-year 
cycle)

20
24

20
27

2022 2028

20
30

7-22
Supplement 2
Flood loads



September 6, 2023 National Institute of Building Sciences 13

From ASCE Standard to ICC Code Adoption
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7-22
Supplement 2
Flood loads

ASCE 24
Flood
resistant
design & 
construction
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Existing
(ASCE 7-22)

Changes
(ASCE 7-22 Supplement 2)



Chapter 5 Revisions (Supplement 2)
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Increase the flood hazard area from 100-year to 500-year for all RC II, III, 
and IV structures

Mean Sea Level

100 yr

Horizontal extent of 
100 yr flood (SFHA)

Area subjected to ASCE 7 Chapter 5 Area not subjected to ASCE 7



Chapter 5 Revisions (Supplement 2)
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Increase the flood hazard area from 100-year to 500-year for all RC II, III, 
and IV structures

Mean Sea Level

100 yr

New area subjected to ASCE 7 Chapter 5 Supplement 2

Area not 
subjected to 
ASCE 7

100 yr (SFHA)

500 yr



Approximately 10% of the US population lives within 500-year floodplain

Who is impacted by Flood Hazards?
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Chapter 5 Revisions (Supplement 2)
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• Incorporate a risk-based approach where flood hazard is tied to structure risk category
RC I  100-year RC II 500-year RC III 750-year RC IV 1000-year

Note:  ASCE 7 Chapter 5 does not prescribe elevation requirements for structures.  ASCE 24 does that.



Mean Sea Level

Area subjected to ASCE 7 Chapter 5 Supplement

Area not 
subjected 
to ASCE 7 
Chapter 5

500 yr

500 yr

Add the effects of Relative Sea Level Rise

500 yr + RSRL

RC II

Chapter 5 Revisions (Supplement 2)
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Future- Climate Change 
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Chapter 5 Revisions (Supplement 2)
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Revisions provide requirements and guidance for Hazards, Loads, Load Cases, Reliability Analysis 

• Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

• Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

• Load Cases

o Combinations of loads

o Stability check

• Reliability Analysis

o Consistency with 
Chapter 2



Flood Hazard Area
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

5.3 DESIGN REQUIREMENTS
5.3.1 Flood Hazard Area.
For Risk Category II, III, and IV structures, the Flood Hazard Area shall be the 500-year floodplain 
designated as the Special Flood Hazard Area and the Shaded X-Zone.  For Risk Category I structures, 
the Flood Hazard Area shall be the 100-year floodplain designated as the Special Flood Hazard Area.

Intention to extend the design requirements out to the 500-year floodplain for RC II, III, and IV 
structures



Flood Hazard Area
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

5.3.3 Design Stillwater Flood Depth.

The design stillwater flood depth, df, in ft (m) shall be determined in accordance with Equation 5.3-1:

df = (SWELMRI - Ge) + ∆SLR (5.3-1)

where 

SWELMRI = stillwater elevation corresponding to the risk category and MRI defined in Table 5.3-1 provided by a flood hazard study adopted by the 
Authority Having Jurisdiction in ft (m). Where the stillwater elevation for a given MRI is not provided in the flood hazard study, the 100-year stillwater 
elevation shall be scaled to the required MRI per Section 5.3.3.1.

Ge = elevation of grade at the building or other structure inclusive of effects of erosion in ft (m), per Section 5.3.5.

∆SLR = relative sea level change for coastal sites in ft (m), see Section 5.3.4.  DSLR shall not be taken as less than 0.



Flood Hazard Area
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

5.3.3.1 Stillwater Elevation Determination When MRI Data Not Available.

Where MRI data is not available, SWELMRI shall be determined according to Equation 5.3-2 

SWELMRI = CMRI (SWEL100 – Zdatum)+Zdatum (5.3-2)

where 

SWEL100 = stillwater elevation for the 100-year MRI provided by a flood hazard study adopted by the Authority Having Jurisdiction in ft (m). 

CMRI = flood scale factor associated with the MRI from Table 5.3-1 for different locations.

Zdatum = elevation of mean water level based on local datum, in ft (m). For riverine sites, Zdatum shall be taken as the annual high-water level. Zdatum shall 
be permitted to be taken as zero for coastal sites. Values for SWEL100, SWELMRI, and Ge shall all reference the same local datum.

v
Risk 
Category

MRI
(year)

Annual 
Exceedance 
Probability 

(AEP)

CMRI

Gulf of 
Mexico 
Coastal 
Sites1

CMRI

All Other 
Coastal 
Sites1

CMRI

Great 
Lakes 
Sites2

CMRI

Riverine 
Sites

I 100 1.00% 1.00 1.00 1.00 1.00
II 500 0.20% 1.35 1.25 1.15 1.35
III 750 0.13% 1.45 1.35 1.20 1.45
IV 1,000 0.10% 1.50 1.40 1.25 1.50

Intention is to use modern flood 
information as it becomes 
available.  



Requirement to Consider Sea Level Rise 
Based on Historic Rates
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

5.3.4 Effects of Relative Sea Level Change.
The effects of relative sea level change shall be included in the calculation of flood conditions and flood loads for sites whose 
flooding comes from coastal sources.  A project lifecycle of not less than 50 years shall be used for this quantification.  The 
minimum rate of relative sea level change shall be the historically recorded sea level change rate for the site over a 50-year period. 
The increase in relative sea level during the project lifecycle of the structure shall be added to the design stillwater flood elevation 
as required by Section 5.3.3.

Figure shows how designer can get the necessary sea 
level rise information for project site

Historic rate does not include 
climate projections



Commentary Language to Bridge Between 
Existing Practice and Proposed Changes
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

In ASCE 7-22 Supplement 3, loads in Chapter 5 are based on the stillwater elevation.  In prior editions, flood 
loads also were based on stillwater elevation, but the Chapter referenced a DFE in some load calculations.  ASCE 
7-22 Supplement 3 drops the reference to the DFE.
If needed for comparison purposes, the ASCE 7-22 Supplement 3 coastal DFE can be determined in accordance 
with Equation C5.3-1:

DFE = df + Ge + 0.7Hdesign (C5.3-1)

where 
Hdesign = design wave height in ft (m) as calculated in Section 5.3.7.1. 
Ge = elevation of grade at the building or other structure inclusive of effects of erosion in ft (m), per Section 

5.3.5.
df = design stillwater flood depth, in ft (m), per section 5.3.3

The ASCE 7-22 Supplement 3 riverine DFE is the same as the Design Stillwater Flood Elevation.  The DFE 
calculated above is not the same DFE that is used for NFIP, ASCE 24, or other model building code purposes.  
Each DFE should be calculated separately per the applicable Standard for its intended purpose.



Revised Method to Estimate Velocity

September 6, 2023 National Institute of Building Sciences 27

Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

Existing
ASCE 7

ASCE 7-22
(proposed)

Storm 634 peak SWL 
Galveston
Overland velocities

Figure compares existing ASCE 7 method to estimate velocity (black) with new method (red).  
Data points are computer simulation by USACE for scenario hurricane impacting Galveston, TX.

• Based on USACE Hurricane 
Simulations

• Reduction Factor, C = 0.5

• Cap on maximum velocity, Vmax 
depends on MRI 
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New Methods Gives Designers Ability to 
Refine Wave Height at Project Site
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2 Wave information

near site (shoreline)

No wave information 
at site

Most conservative 
scenario, H/d = 0.78

Existing ASCE 7

Wave information 
available at site (best 
case)

Intention is to allow designers to improve 
wave height estimates if this is important to 
design
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Debris Hazard Considerations
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

• Bring forward items from Commentary
• Make consistent with Chapter 6 Tsunami
• Limit the ‘sphere of influence’ overland

Debris Type Applicable 
Risk 

Categories

Threshold 
Depth (ft)1

Impact on 
Columns, piles, 

bearing walls and 
transfer beams

Impact on 
non-load 
bearing 

elements2

Wood Poles RC III/IV 3 ft (0.91 m) Yes Yes
Passenger 
Vehicles 

RC II/III/IV 3 ft (0.91 m) Yes Yes

Small Vessels RC II/III/IV 3 ft (0.91 m) Yes3 Yes3

Shipping 
Containers

RC III/IV 3 ft (0.91 m) Yes3 n/a

Ships/barges RC III/IV 6 ft (1.8 m) Yes3 n/a

Extraordinary 
Debris

RC IV 12 ft (3.7 m) Yes3 n/a

Table indicates what debris 
types must be considered 

based on structure RC

Figure shows how debris hazard is 
considered based on debris source, open 
water, and urban environments
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Other Improvements in First Section
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

• Loads on Breakaway Walls – in existing standard
 Added requirement to resist the lateral earth pressure requirement of Chapter 3 

• Site-specific studies
 allowed for velocity and wave hazards but not depth
 reductions comparable to other chapters

Table 5.3-6 Maximum Allowable Reductions for Site-specific Studies

Hazard Allowable Reduction 
with Peer Review

Allowable Reduction 
without Peer Review

Velocity, V 30% 20%
Wave height, H 30% 20%

• PBD allowable per Section 1.3.1.3.  PBD statement in Chapter 5 allows 
for flood-specific guidance in commentary

Table C5.3-4 Matrix of Expected Performance and Hazard Levels for Flood
Hazard Level

vs
Performance

Operational Repairable Significant 
Damage

Unsafe to 
Occupy

Routine RC IV, RC III RC II
Design RC IV RC III, RC II

Extreme RC IV RC III RC II
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Wave Forces
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

• Added provisions for nonbreaking waves based on accepted 
engineering practice

• Include wave loads on elevated structures 

Figure shows definition sketch for elevated 
structures for use with Goda Equations

Figure shows definition sketch for non-elevated 
structures for use with Goda Equations

Intention is to 
provide designers 
with explicit 
equations 
commonly used in 
engineering practice 
not found in existing 
Chapter 5
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Debris Impact
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

• Debris impact loads required per 5.3.9 with several exceptions 
• Some guidance from 7-22 commentary moved to provisions
• Three procedures to calculate debris impact 
• Specification of debris types and properties

Table 5.4-4 Minimum Debris Properties 
Debris Type Minimum debris 

weight (Wdebris)
Minimum elastic debris 

stiffness (ke) 
Wood Log/Pole 1,000 lb (4.448 kN) 4,200,000 lb/ft (61,300 kN/m)

Passenger Vehicle 2,400 lb (12.455 kN) 72,000 lb/ft (1,051 kN/m)

Small Vessels 2,500 lb (11.121 kN) 360,000 lb/ft (5,254 kN/m)
20 ft Shipping 

Container
5,000 lb (22.241 kN) 2,940,000 lb/ft (42,900 kN/m)

40 ft Shipping 
Container

8,400 lb (37.365 kN) 2,040,000 lb/ft (29,800 kN/m)

Ships/Barges
Established based on local conditions

Table lists minimum debris 
properties used for design

• Extraordinary Debris Impact for RC IV structures
• Debris impact load redistribution – related to progressive collapse
• Improved consistency of debris impact with Chapter 6 Tsunami 
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Combination of Loads
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Hazard

o Flood depth, 

o Flood velocity, 

o Wave conditions,

o Scour depth,

o Debris hazards

Load

o Hydrostatic,

o Hydrodynamic, 

o Wave forces,

o Debris impact

Load Cases

o Combinations of loads

o Stability check

Reliability Analysis

o Consistency with 
Chapter 2

5.5 FLOOD LOAD CASES

The flood load (Fa) used in the Chapter 2 load combinations shall include the following 
flood load cases in the applicable directions:

For coastal flooding:

1. Combination of hydrostatic loads including buoyancy (5.4.2), hydrodynamic 
loads (5.4.3) and debris impact loads (5.4.5)

2. Combination of hydrostatic loads including buoyancy (5.4.2), hydrodynamic 
loads (5.4.3) and wave loads (5.4.4)

For riverine flooding:

1. Combination of hydrostatic loads including buoyancy (5.4.2), hydrodynamic 
loads (5.4.3) and debris impact loads (5.4.5)

5.5.1 Stability for Uplift.
5.5.2 Stability for Sliding.

Clear requirement on how 
individual loads must be 
combined

Overall flood load Fa is used in 
Chapter 2.

Stability checks are often done 
in practice, but existing 
standard does not include this.



Summary
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Complete revision to Chapter 5

• Increase the flood hazard area from 100-year to 500-year for all RC II, III, and IV structures

• Incorporate a risk-based approach where flood hazard is tied to structure risk category
RC I  100-year RC II 500-year RC III 750-year RC IV 1000-year

• Hazards:  Flood depth, velocity, wave, scour and debris hazards

• Loads:  Provides hydrostatic, hydrodynamic, wave, and debris impact loads 

• Load cases: Combination of flood loads and stability checks, consistency w/ Chapter 2

and as a subcommittee

• Understand how proposed changes would affect engineering design and impact related standards

• Document analytical work and case studies for future cycles and for engineering practice



FEMA's Role

Provides Support to:
Communities
Design Community
Other Agencies

Through:
Funding/Flood Insurance
Hazard Data Products
Guidance Publications
Technical Assistance

Hazard & Design Data Is Key!
National Institute of Building Sciences 35



FEMA Programs Over Time

National Flood Insurance Program
Request for Information 2021

Maps and products have evolved 
and improved over time
Agency goals

Climate Change
Equity

National Institute of Building Sciences 36



Federal Contribution
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• Data from the US Army Corps of 
Engineers contributed to the 𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀
factor in ASCE 7 Chapter 5 Flood 
Loads

• Integration of flood resistant design 
and construction requirements in 
consensus codes and standards

• Guidance on flood code provisions
• FEMA currently evolving flood 

hazard data from binary to 
graduated risk

Source - ASCE Standard 7-22 Minimum Design Loads and Associated Criteria for 
Buildings and Other Structures SUPPLEMENT 2



Changing Market Conditions
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Moving towards higher minimum return periods or 
risk-based consensus standard

• Freeboard provides varying levels of 
protection within the floodplain

• Freeboard could provide protection to the 
1,000-year flood or just over the 100-year 
flood depending on the area

• A Return Period based approach is more 
consistent protection

• Calculations should reflect flood heights as 
well as other changing factors (e.g., velocity 
or wave heights)

500 yr

500 yr

100 yr

100 yr

6 inches

3 feet

Floodplain 1

Floodplain 2

1 ft of freeboard

1 ft of 
freeboard

Riverine Example

• Useful life of the building – it’s longer than the mortgage
• Non-Residential Expected Service Life* 51.6 – 87.2 years 
• Residential Expected Service Life** 61 years

National Institute of Building Sciences 39



Future of Flood Risk Data (FFRD) Initiative: 
Objectives

Shift from binary to 
probabilistic analysis

1 Empower private and 
SLTT stakeholders

3

Modernize data management 
and delivery

2
Drive risk-informed 
actions

4
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• 1D Modeling
• Fluvial flooding only
• Event-based analyses

• 2D Modeling
• Fluvial and pluvial flooding
• Probabilistic analyses

Analysis 
Framework

Annual Exceedance Probability (AEP)
10% 1% 0.1% 0.01%

Pr
ec

ip
ita

tio
n 

(in
)

100%

Inland/Riverine Flooding Examples
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Some of the Features, Benefits, and Uses of FFRD

Produces multiple flood hazard 
outputs for each modeled 
scenario, including depth, 
velocity, duration, etc.

Analyzes a wider range of flood 
scenarios across many different 
probabilities (frequent to extreme; 
well beyond the 500-yr)

Identifies multiple flood 
hazard sources in the 
same analysis

Generates retrievable hazard 
data at any site of interest and 
can support credible site or 
structure-level evaluations

A B

A

1.0

6.5%

B

1.0

3.2%

1.6

1.5 1.7

I
(100-yr)

ASCE Risk Categories

II
(500-yr)

III
(750-yr)

IV
(1,000-yr)

I
(100-yr)

ASCE Risk Categories
II

(500-yr)

III
(750-yr)

IV
(1,000-yr)

3.4

3.8

4.3



Prototype – Compare Conditions at Multiple Sites

Note: Images are draft and may not 
reflect a final depiction of the prototype National Institute of Building Sciences 45



Developing Guidance on Supplement with 
Examples
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Remain engaged in advancing flood-
resilient standards

Coming Attractions:  ASCE 7-28

ASCE 7-28 Future Conditions Subcommittee goals;
 Current loads based on historical data, which may not 

represent future conditions well with respect to 
climate related loads in particular

 Propose a new chapter for ASCE 7-28 (chapter 36)
 Written in mandatory language for potential (voluntary) 

adoption by jurisdictions/projects
 Address Flood, Snow, Rain, Ice, & Wind
 Starting point for us: “preparing for a 3 deg C world” and its 

impacts on loads
 Use climate models rather than analysis of historical data
 Modifies environmental loads for those who wish/required to 

include them. 
 Will be dependent on Design Life/Risk Category of the buildingPathways to Resilient Communities (1).pdf (asce.org)

National Institute of Building Sciences 47

https://www.asce.org/-/media/asce-images-and-files/advocacy/documents/pathways-to-resilient-communities-asce-toolkit.pdf


National Initiative to Advance Building 
Codes (NIABC) Priorities

https://www.fema.gov/sites/default/files/
documents/fema_niabc-progress-
report_122022.pdf
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Advancements in Flood Resilience
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• Rapidly changing technology
• Comprehensive approach (zoning, 

comprehensive planning, subdivision 
standards, floodplain management 
requirements, codes and standards, 
research, testing, etc.)

• Evolving
• Expanding regulatory floodplain 
• Flood hazard data from binary to graduated risk
• Risk Category/performance-based design



Thank you
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cberginnis@floods.org
Dan.Cox@oregonstate.edu
John.Ingargiola@fema.dhs.gov

Questions?
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