
Mitigation Assessment Team Report on

Hurricane Ike

National Hurricane Conference



April 9, 2009 NHC

Hurricane Ike damage—Seen again and again

We looked out of the window, and of all of the homes that
were between our house and the beach, not one was left. It
is just a clean sweep, nothing but desolation. . . . we could
not see the water from our house before this storm.

. . . Sarah Littlejohn, following the 1900 Hurricane

(Bixel and Turner. Galveston and the 1900 Storm. Univ. of Texas Press, 2000)
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MAT Mission 

 Conduct forensic engineering analyses

 Recommendations to communities, states and 

organizations/agencies 

 Improve construction codes and standards, designs, 

methods, and materials
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Products

 Ike MAT Report 

(400+ pages)

 46 Specific 

Recommendations

 8 Recovery Advisories 

(3-9 pages w/specific 

target)
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MAT Recommendations

 46 Specific Recommendations

– 21 Residential

– 11 Critical Facilities

– 14 Further Studies and Standards/Codes Revision

 Some recommendations that will be highlighted:

– 3 feet of freeboard until new DFIRMs in place

– Foundation scour and erosion guidance needed

– Vulnerability assessment of critical facilities

 Please ask questions



April 9, 2009 NHCHURRICANE IKE

Recovery Advisories

– Attachment of Brick Veneer in High-Wind Regions

– Design and Construction in Coastal A Zones

– Designing for Flood Levels Above the BFE

– Enclosures and Breakaway Walls

– Erosion, Scour, and Foundation Design

– Minimizing Water Intrusion Through Roof Vents in 

High-Wind Regions

– Metal Roof Systems in High-Wind Regions

– Siding Installation in High-Wind Regions
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MAT Deployment
 Small team goes out first (pre-MAT)

 Gather information

 Go or no go decision

 Ike MAT activated, 3 main teams deployed 1 month post-Ike

– Louisiana Flood

– Texas Flood

– Texas Wind

 Some teams split up for special assignments

– Houston CBD

– Revisit homes from 1990 TTU/SBCCI study

– Investigate performance of mitigation projects (HMGP, ICC)
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Pre-MAT

Customs and Border 

Patrol Support

6 people deployed to 

field within 5 days

Ground and aerial 

inspections
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MAT

October 2008: 20+ people deployed for > 1 week

Assisted by local builders, engineers, facility managers
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MAT “Borrows” from Others 

 High Water Mark Surveys (HCFCD, 

USGS, FEMA)

 Wind Speed Measurements and 

Models (NWS, others)

 Aerial Imagery (NOAA, others)

 Other Field Investigations, e.g., 

ASCE-COPRI
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Ike photos
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The MAT had excellent 

cell phone coverage on 

Bolivar Peninsula, 6 

days after Ike
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14 ft
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Ike Lesson 1: Elevate Residential Structures

 Observation: Ike Flood Levels reached 2-5 ft above 

the BFE across much of the study area

 Pre-FIRM and low didn’t have a chance
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Ike Lesson 1: Elevate Residential Structures

 Observation: Ike Flood Levels reached 2-5 ft above 

the BFE across much of the study area

 Many Zone X homes were flooded

Zone X, 

nearest BFE 

= 4 ft below 

flood level
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Ike Lesson 1: Elevate Residential Structures

 Observation: Ike Flood Levels reached 2-5 ft above 

the BFE across much of the study area

 Homes elevated several ft above BFE survived

BFE = 16 ft NGVD, 

Floor at 21.5 ft

Floor at +/- BFE
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Ike Confirmed Wave Damage Patterns from 
Prior Storms
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Incipient Wave Damage

Sheathing on underside removed

Joists pushed landward
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Wave Crest Above Floor
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Wave Crest Above Floor
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Wave Crest Above Floor
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Wave Crest Above Floor
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Recovery 
Advisory on 
Designing 
for Flood 
Levels 
Above BFE
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MAT Recommendation: Freeboard
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But Adding Freeboard is Too Expensive. . . 

No-One Does It 
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2006 Study 
Demonstrated 
Freeboard is 
Cost-Effective

(search FEMA web site 
for “NFIP Evaluation”)



April 9, 2009 NHC

2006 Study, Flood Damages Avoided Benefit:

V Zones: It is almost always worth spending 

an additional 2.0 - 2.5% of the at-BFE 

construction cost, per foot of freeboard 

Construction cost ~ 0.25 - 0.5% per foot

B/C >> 1.0
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2006 Study, Flood Damages Avoided Benefit:

A Zones: It is almost always worth spending 

an additional 0.5 - 1.0% of the at-BFE 

construction cost, per foot of freeboard 

Construction cost ~ 0.8 - 1.5% per foot

1.0 < B/C < 1.0 (depends on scenario)
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A 2007 Survey showed > 60% of the 20,000 

NFIP communities have a freeboard 

requirement (0.5 ft to 3 ft). TFMA (May 2008) 

survey results are available on-line.

The 2009 IRC will mandate 1 ft of freeboard in 

V Zones and Coastal A Zones

But Adding Freeboard is Too Expensive. . . 

No-One Does It 
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But Owners Don’t Think About Avoiding Flood 

Damage -- It Won’t Happen to Them
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But Owners Don’t Think About Avoiding Flood 

Damage -- It Won’t Happen to Them
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2006 Study, Flood Premium Savings:

V Zones: an owner can recover freeboard 

costs in 1-3 years through reduced flood 

insurance premiums

A Zones: an owner can recover freeboard 

costs in <5 to >10 years
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MAT Recommendation: Outside SFHA
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MAT Recommendation: Coastal A Zone
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Recovery 
Advisory on 
Coastal A 
Zone
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Ike Lesson 2: Use Strong & Deep Foundations

 Observation: Many foundations failed when lateral 

loads exceeded column/pile capacity 
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Ike Lesson 2: Use Strong 
& Deep Foundations

 Observation: columns of 

surviving homes showed 

numerous horizontal 

cracks -- a result of lateral 

flood loads on the 

foundation and wind loads 

on the elevated building
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Ike Lesson 2: Use Strong & Deep Foundations

 Observation: non-

breakaway decks caused 

damage to columns when 

decks failed
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Ike Lesson 2: Use Strong & Deep Foundations

 Observation: Many foundations failed due to lack of 

embedment and/or scour/erosion 
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Ike Lesson 2: Use Strong & Deep Foundations

 Observation: scour and erosion far exceeded design 

guidance

Scour hole was reported 

to be 10 ft deep

Design guidance 

estimates scour around 

pile = 2 x pile diameter
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Ike Lesson 2: Use Strong & Deep Foundations

 Observation: linear scour features follow roads, 

canals
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Recovery 
Advisory 
on Erosion, 
Scour and 
Foundation 
Design
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Erosion, Scour Foundation Design

Affect Flood 

Loads?

Affect 

Embedment?

Erosion Yes Yes

Scour No Yes
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Ike Lesson 2: Use Strong & Deep Foundations

 Does method of foundation design/construction, or 

soil disturbance contribute to scour?
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Maybe, but there are other (unknown) factors at work . . . 

It is unlikely all 5 buildings circled above had the same 
foundation design or level of soil disturbance . . . 
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MAT Recommendation: Scour

 FEMA should assist engineers and codes/standards 

organizations to develop new scour guidance based 

on Ike knowledge

 FEMA should study foundation scour in detail 

following future events

 Potential linear scour should be incorporated into 

design and land development guidance/practices
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Ike Lesson 3: Breakaway Wall 
Performance Can be Improved
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Ike Lesson 3: Breakaway Wall 
Performance Can be Improved
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Louvers Performed Better Than Solid Walls
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MAT Recommendation: Breakaway Walls

• Promote use of lattice/louvers

• Promote use of flood vents
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A change to the May 2009 FIM 

will rate V zone enclosures as 

“free of obstructions” if they 

are constructed with 

louvers/lattice on all walls 

except one (for garage door 

or solid breakaway wall). 

Current rating practice calls 

this “with obstruction”.

V zone Flood insurance 

premiums will drop 

significantly with this change 

(new construction and re-

rating of existing homes).
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Recovery 
Advisory on 
Enclosures 
and 
Breakaway 
Walls
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Ike Lesson 4: We Need to do a Better Job 
Mitigating Residential Structures

 MAT viewed 31 homes 
that had been elevated 
using HMGP or ICC 
funds

 Good News: none 
sustained flood damage 
during Ike

 Bad News: many of the 
homes lacked continuous 
load paths from elevated 
home to foundation to 
ground; other problems
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Ike Lesson 5: Elevate Critical Facilities

 Observation: Critical Facilities elevated above Ike 

surge and waves on strong foundations survived

Crenshaw Elementary 

and Middle School, 

Bolivar Peninsula

Elevated 10 ft above 

grade, Ike surge reached 

5 ft above grade
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Ike Lesson 5: Elevate Critical Facilities

Many existing critical facilities are vulnerable

Approximately 2/3 of the UTMB buildings had first floors below 

Ike’s 12.5 ft NGVD flood level; virtually all had equipment and 

utilities below ground.
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Ike Lesson 5: Elevate Critical Facilities
 Criminal Justice 

Complex Ike 
flood at 6 ft   
(18-24” depth)

 Similar flooding 
during Rita 
(2005)

 All utilities for 
security and 
communications 
systems run 
under the slab, 
and were 
damaged

 Prisoners had to 
be transferred.

 1985 FIRM 
classified as Zone C

 Post-Rita map 
shows ABFE = 6 ft
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MAT Recommendations: Critical Facilities

 New/replacement critical facilities should be located 

outside the 500-yr floodplain, where possible.

 Where not possible, elevate at least to 500-yr flood 

level or to ASCE 24-05 freeboard, whichever is 

higher

 Executive Order 11988; other guidance

 For existing facilities, evaluate vulnerability; raise or 

floodproof critical components; relocate or replace 

facility if necessary

 Audit facilities for flood, wind and other hazards
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Ike Lesson 6: We Need to do a Better Job with 
Some New Critical Facilities - Case in Point

Pre-Rita Post-Ike
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South Cameron Parish Hospital

 Constructed in 1963, 6 years after Audrey, with 
floor elevation ~ 8 ft NGVD (several feet below 
Audrey surge level)

 Destroyed by Rita in 2005 (storm surge at site ~ 
12-13 ft NGVD)

 Rebuilt in 2008, with top of floor elevation at 
10 ft NGVD

 Ike water level was just below floor, utilities 
were damaged
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South Cameron Hospital

Ike Water Level just 

below top of floor

Rita Surge Elev. 

12-13 ft NGVD
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Ike Damaged Below-Floor Utilities

Piping and 

Conduits 

Replaced 

Post-Ike

Marsh Grass Trapped at Top of 

Columns During Ike
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Rooftop Condition, Post-Ike
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Ike Lesson 6: We Need to do a Better Job with 
Some New Critical Facilities

Case in Point: South Cameron Parish Hospital

 It is not clear what, if any, influence the flood 

history at the site had in choosing a site or the 

floor elevation for the new facility

 The 2008 construction represents a missed 

opportunity to truly mitigate at this site


