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While it is essential to improve metrics on 
energy efficiency, renewable resources, and 
environmental quality for the future of our 
planet, those actions do little to protect a 
building from natural disasters. 

As Aris Papadopoulas, a leader in the disaster 
resilience movement, explains, “A highly 
rated building may be ‘green,’ but if hazard-
vulnerable, it cannot be sustainable. And when 
it becomes a pile of rubble, it is no longer 
green either.”1 Put another way: What good is 
a green building if you have to build it twice? 
That’s where resilience come into play.

ACHIEVING DISASTER RESILIENCE 
WITH ICF CONSTRUCTION

FROM HAZARD-PRONE TO 
DISASTER-READY

Imagine 3000 football fields, each filled four 
stories high with debris. That is the staggering 
amount of waste generated by three of 
America’s major hurricanes of the past 25 
years—namely, Hurricanes Andrew, Katrina 
and Sandy. When you pile on debris from 
the dozens of other severe storms that have 
shattered American communities since 1992’s 
Hurricane Andrew, the extent of material loss 
is inconceivable. This doesn’t even take into 
account the lives lost, bodily injuries, loss of 
productivity, economic instability, and emotional 
turmoil experienced by the victims.

In the wake of each new disaster (whether it 
be a hurricane, tornado, earthquake, fire or 

flood), there is a scurry of activity surrounding 
emergency response, damage assessment, and 
return to normalcy. Since recovery processes are 
invariably delayed after a catastrophic event, 
the lessons learned tend to concentrate on 
streamlining emergency capacity in order to 
better service disaster victims and communities. 
Rarely in the public discussion is the emphasis 
on preventative measures relative to the built 
environment—measures that would help 
reduce the pile of debris in those representative 
football fields.

Since the advent of LEED (Leadership in Energy 
and Environmental Design) in 2000, a great 
deal of attention has been paid to sustainable 
building practices in the construction industry. 
But somewhere along the way, “sustainable” 
has become synonymous with “green.” 
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LEARNING OBJECTIVES

Upon completion of this course the student  
will be able to:

1. Define the term “resilience” as it pertains to 
construction practices and the impact of  
natural disasters.

2. Recognize the many obstacles that have 
prevented resilient construction from being the 
norm in the building industry.

3. Identify the advantages of ICF system 
over traditional construction materials 
in strengthening disaster resiliency and 
sustainability.

4. Outline best-practice construction guidelines for 
new ICF construction projects.

5. Recognize the short-term ROI of disaster-
resilient ICF construction during the design/
construction phases, as well as the long-term 
benefits in terms of occupant safety, 
sustainability, and insurance savings.

CONTINUING EDUCATION

CREDIT: 1 LU/HSW

COURSE NUMBER: AR062018-6

Use the learning objectives above to focus your 
study as you read this article. To earn credit and 
obtain a certificate of completion, visit  
http://go.hw.net/AR062018-6 and complete the 
quiz for free as you read this article. If you are 
new to Hanley Wood University, create a free 
learner account; returning users log in as usual.

This image shows the devastation from Hurricane Katrina, with sole resilient building (ICF construction) standing.
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In this course, we’ll examine what “disaster 
resilience” means and how effective planning 
and application of progressive structural design, 
practices and building materials—particularly 
Insulated Concrete Forms (ICF)—can fulfill a 
two-pronged sustainability objective: reducing 
a building’s carbon footprint while fortifying it 
against nature’s inevitable hazards. 

RESILIENCE DEFINED

Resilience is generally defined as the ability to 
recover from or adjust easily to misfortune or 
change. This interpretation can be misleading, 
since it implies that something bad has to 
happen before someone or something responds 
in a resilient fashion.

“Resilience” in relation to natural disasters has 
a much broader meaning that encompasses 
actions taken before a natural disaster hits, 
as well as effective response following such 
an event. The UN International Strategy for 
Disaster Reduction (UNISDR) defines resilience 
this way: “The ability of a system, community, 
or society exposed to hazards to resist, absorb, 
accommodate, and recover from the effects of 
a hazard in a timely and efficient manner, which 
includes preserving and restoring essential basic 
structures and functions.”2

Based on this definition, achieving a high 
resilience capacity in any community requires 

intense coordination among a variety of key 
players in the public and private sectors to 
adopt and enforce resilient planning strategies, 
upgraded code language and building design 
criteria. Specific to the construction industry, high 
resilience capacity boils down to this: focusing 
not only on building back better, but even more 
importantly, building better from the start. This 
philosophy of up-front resilience planning for 
long-term sustainability is gaining momentum, 
thanks to the efforts of numerous private and 
governmental organizations. 

Of major importance has been the UN 
International Strategy for Disaster Reduction 
(UNISDR), which in 2015 united several private-
sector initiatives under the umbrella of the 
Alliance for Disaster Resilient Societies (ARISE). 
With this alliance driving change, progressive 
businesses will be able to capitalize on the 
emergence and growth in resilient-related 
products and services for the building sector. 

The Insurance Institute for Business and Home 
Safety (IBHS) has also stepped forward to create 
FORTIFIED for Safer Living. This multi-hazard 
program specifies code-plus construction, design 
and landscaping standards that will increase a 
building’s resilience during all-natural hazard risks 
for a geographic area. Similar to the incentive-
based LEED-certification system for “green” 
building, FORTIFIED offers multiple designation 

levels based on degree of compliance with 
enhanced building standards. IBHS’s efforts 
are no doubt making great strides toward 
counteracting the ambiguity and inconsistency of 
current minimum building codes.3  
(For more information, see www.disastersafety.org/fortified.) 

As momentum grows in the resilient-build 
movement, the pendulum will shift from a 
green-dominant strategy toward an integrated 
approach that rewards use of materials and 
processes that sustain the environment and the 
structure itself—a classic win-win for society, 
communities, builders and owners alike.

ROADBLOCKS TO DISASTER PREPAREDNESS 

“While disasters are starkly visible, the 
process of risk creation is invisible or opaque 
to 99% of people.” 

Dr. Richard Olsen, Director, Extreme Events 
Institute, Florida International University

Disasters have been inflicting damage on 
humankind since the beginning of time. So 
why is disaster resilience a relatively new 
concept that just started to take hold in the 
21st Century? The obstacles to a path toward 
resilient design and building practices—
particularly in the residential sector—have  
been plentiful: 

Despite the destruction from Hurricane Harvey, the ICF building remains intact. 

WHAT CONSTITUTES A DISASTER?

A disaster is a sudden, calamitous event that seriously 
disrupts the functioning of a community or society and 
causes human, material, and economic or environmental 
losses that exceed the community’s or society’s ability to 
cope using its own resources. 

The combination of hazards, vulnerability and inability to 
reduce the potential negative consequences of risk results 
in disaster.

Natural hazards are naturally occurring physical 
phenomena caused either by rapid or slow onset events:

• Geophysical – Earthquakes, Landslides, Tsunamis, 
Volcanic Activity

• Hydrological – Avalanches, Floods

• Climatological – Extreme Temperatures, Drought, 
Wildfires

• Meteorological – Cyclones, Storms, Wave Surges

• Biological – Disease Epidemics, Insect/Animal 
Plagues 

Source: International Federation of Red Cross and Red 
Crescent Societies (http://www.ifrc. org/en/what-we-do/
disaster-management/ about-disasters/what-is-a-disaster)
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sounds expensive. Surprisingly, many of the 
measures involve minimal costs with sizable 
benefits, like safeguards against hurricane 
winds. In cases of adjustments that do require 
substantial investment, like fortification against 
earthquakes, those gains are realized through 
long-term ROI. 

Every dollar spent on pre-event mitigation 
related to earthquakes, wind and flooding 
saved about $4 in post-event damages.6 

Multihazard Mitigation Council

As a “culture of resilience” catches on in the 
private sector, code-plus standards such as 
IBHS’s FORTIFIED program or the U.S. Resiliency 
Council’s report card system will become 
more widely recognized in the industry and 
government sectors. Following the path of 
LEED, these upgraded codes are predicted 
to spur incentives for owners through lower 
insurance premiums, tax breaks, financing 
options, favorable permits, and enhanced  
resale value.

Probably the best news is the abundance of 
opportunities for adopting resilient building 
practices in the years ahead. Currently, the 
U.S. owns approximately 20% of the world’s 
building stock. Each year, it adds new stock at a 
rate of 1.8% per year while renovating existing 
stock at the same steady rate. By 2040, 75% 
of the U.S. building environment will be new 
or renovated. Great strides can be made in 
reducing the vulnerability of a majority of the 
nation’s property if action is taken now. 

It’s all about going “green”—The green 
movement is years ahead of resilience in  
capturing the public’s attention. The 
construction industry is motivated to earn LEED 
certifications and incentives, but has not tuned 
into disaster resilience as an equal partner in 
building sustainability.

Competition from other crises—Terrorism, war, 
famine, and a slew of other immediate crises all 
compete for Americans’ attention—and money. 
So investing in something that may or may not 
happen (i.e., disasters) tends to get pushed to 
the background. It only gets top billing when an 
actual catastrophe hits, and then the focus is on 
emergency response, not preventative measures.

False sense of security—Part of the willingness 
of a consumer or a community to gamble on 
disaster risk is the mindset that chances are low 
that it will happen to them. Besides, if a disaster 
does strike, the underlying assumption is that the 
government will have their back (because, for 
decades, that’s been the government’s response).

Although taxpayers have been largely absorbing 
the residual risk for victims of natural disasters, 
this is not a sustainable approach. Eventually, the 
expenditures will surpass what our government 
can cover via taxes or loans. 

RESILIENCE: THE NEXT WAVE IN 
CONSTRUCTION 

Careful steps taken upfront by architects, 
engineers, developers and builders can have a 
huge impact on the long-term resilience of a 
commercial or residential structure. But it sure 

Persistence of minimal building codes—The 
vested interests of various public and 
private entities have sabotaged government 
enforcement—let alone the upgrading—of 
minimum building codes because tighter 
regulations might hurt their investments or the 
affordability of their products. FEMA highlights 
the need to surpass any minimums to ensure 
safety: “Meeting minimum regulatory and code 
requirements for the siting, design,  
and construction of a building does not  
guarantee that the building will be safe from  
all hazard effects.”4

Short-term affordability over long-term 
investment—First-cost of a build is top priority 
for most consumers, so the building industry 
designs and builds to that spec, unless a client is 
willing to invest in a custom build. That translates 
into cheaper materials and structural features that 
make the building more vulnerable to high winds, 
water damage, and seismic events. Affordability 
as a primary decision-making tool becomes a “pay 
now or pay later” proposition. Most consumers 
are willing to gamble tomorrow for  
a more cost-effective today.

Pressure to keep insurance premiums 
low—Insurance companies are often viewed as 
the villain when disaster strikes. But early in the 
life cycle of a building, when insurers are advising 
against minimal protection, their voices are not 
heard because higher coverage means higher 
premiums. It is only when coverage is assessed 
post-disaster that cutting corners on premiums 
inflicts painful consequences.

A VULNERABLE NATION

Some ominous facts about America’s preparedness 
for natural disasters 5

• The number of natural disasters has doubled over 
the past four decades. 

• With accelerated trends in urbanization and coast-
alization, 45% of our residential and commercial 
built investments lie in 18 hurricane-prone states. 

• Almost two-thirds of the country is impacted by 
wind vulnerability.

• 90% of one- and two-story homes are constructed 
of combustible softwoods. 

• The U.S. is the most tornado-prone country in  
the world.

• The New Madris Fault has the potential for larger 
and more powerful earthquakes than previously 
thought.

• The majority of our built environment is classified 
as Risk Category II structures, carrying the lowest 
level of protection for occupied buildings. 

The starting of an ICF foundation wall. All the ICF forms and bracing are placed on the interior to allow for easy access and to expedite construction.
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Ultimately, the resilience movement will 
lead to increased market demand for better 
building construction—which is the best 
possible motivator for progressive construction 
professionals to get ahead of the curve. 

Resilience in Action 

The stark images of neighborhoods wiped out 
by a ruthless tornado or houses submerged in 
floodwaters are unmistakable. But as communities 
learn from previous oversights, resilience success 
stories abound. Here are just a few pioneers 
of resilient design, code enhancement and 
grass-roots activism who are highlighted in the 
groundbreaking book, Resilience: The Ultimate 
Sustainability: 

Code-plus residential construction in 
the post-Katrina era—John Bowman is an 
owner of a small family contracting business 
specializing in building watertight concrete 
floors and basements. After Hurricane Katrina, 
John moved his business from Illinois to 
the Gulf Coast to lend his expertise to the 
construction of watertight basements and 
retaining walls—skills that were sorely lacking in 
the area. His innovations have since expanded 
to building entire resilient homes to code-plus 
standards, often with an aesthetic combination 
of wood, steel and concrete materials. His 
signature feature is the spraying of concrete 
on the outer walls using a gunite technique, 
which he hopes to extend to existing wooden 
structures as a cost-effective approach to 
improving hazard resilience.

Resourceful roof retrofitting initiative—
Margot Brandenburg focused her resilience 
efforts on founding MyStrongHome, a 
non-profit/for-profit organization that retrofits 
existing homes in the wind-hazard prone areas 
of the Atlantic and Gulf Coasts. Within a few 
years, the company had retrofitted the roofs 
of 30 homes in three coastal states according 
to FORTIFIED code-plus standards for wind 
resistance. Since the upgraded roofs reduced 
insurance premiums, MyStrongHome was able 
to finance the retrofits using the insurance 
savings—at no additional cost to the owner. 
In the wake of the success of this pilot, the 
organization has set an aggressive goal of 
retrofitting 10,000 additional homes over the 
next five years.

Ä This article continues on  
http://go.hw.net/AR062018-6.  
Go online to read the rest of the article and 
complete the corresponding quiz for credit.

QUIZ

1. True or False: “Resilience” in relation to natural disasters has a much broader meaning that encompasses actions taken 
before a natural disaster hits, as well as effective response following such an event.

a. True b. False

2. True or False: Typically after a natural disaster in the U.S., a community’s primary focus is on adopting construction 
techniques that will serve as preventative measures in future events.

a. True b. False

3. To be truly sustainable, a building should be built for disaster resilience as well as comply with __________ standards.

a. LEED b. Building Code 

c. FORTIFY d. AIA

4. Which organization created the FORTIFIED…for Safer Living code-plus building standard?

a. U.S. Green Building Council (USGBC) b. Insurance Institute for Business and Home Safety (IBHS)

c. Federal Emergency Management Agency (FEMA) d. UN International Strategy for Disaster Reduction (UNISDR)

5. Which one of these wind hazard design guidelines is recommended for achieving elastic response of a building structure?

a. 300-year wind speed b. 400-year wind speed 

c. 700-year wind speed d. 900-year wind speed

6. Continuous load path is not fully achieved until it terminates at:

a. Building’s foundation b. Surface where loads are applied

c. Soils that support building 

7. An ICF wall can withstand hurricane winds ranging from 200–300 mph. By comparison,  
what is the capacity of light-wood frame construction?

a. 75 mph b.125 mph 

c. 175 mph d. 250 mph

8. Which one of these is not typically a cost-saving advantage of ICF construction?

a. Light-weight construction reduces need for hazardous heavy equipment,  
  resulting in less injury potential and lower insurance costs 

b. 9-1 construction methodology requires less trades and building wraps

c. No additional layering required to meet wind/energy codes  

d. Up-front materials costs are 10% less than traditional light wood frame construction 

e. ICF protection of concrete from freezing extends building season and eliminates the  
  need for additional heating and tarps

9. In which of these ways have ICF increasingly contributed to the green movement?

a. ICF insulation is typically composed of 100%  b. Concrete aggregate is now commonly recycled onsite 
  post-industrial recycled polypropylene

c. Virgin materials/fuels used in cement-making process d. a and c above 
  are being substituted with recycled municipal,  e. b and c above 
  agricultural and industrial by-products f. All of the above 

10. True or False. According to a 2017 Boston College study, insurance quotes for concrete builder risk policies  
were 22–72% HIGHER than those for wood-framed construction projects 

a. True b. False

SPONSOR INFORMATION

Amvic Building System, based in Toronto, Ontario, and Calgary Alberta, is an industry leading manufacturer of 
Expanded Polystyrene (EPS) building materials. The main product lines sold across North America include Amvic 
Insulated Concrete Forms (ICF), AmDeck Floor & Roof System TM., SilveRboard, SilveRboard XS, SilveRboard 
Graphite XS, Envirosheet, Ampex Insulated Panel for Hydronic heating and Amdry Insulated Subfloor. Amvic 
products consistently exemplify exceptional quality, superior strength and ease of installation. In addition, they 
result in long term cost savings, offer superior comfort, and are environmentally friendly.

http://go.hw.net/AR516Course5
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Forward-thinking in the commercial 
sector—As the world’s largest publicly traded 
metals and electronics recycler, Sims Metal 
Management was already fulfilling a mission 
of resource sustainability. When it came time 
to build a new recycling plant on the Brooklyn 
waterfront in 2006, the corporation had the 
foresight to invest 5% more in capital to build 
to code-plus standards. Six years later, when 
Hurricane Sandy struck the Northeastern 
seaboard, Sims was ready. The decision to 
elevate the base floor 4 feet above the required 
spec was a critical one. While most of the 
riverfront area was knocked out due to high 
waters, Sims Metal Management’s plant  
weathered the storm without any flood damage.

A state-wide commitment to disaster 
readiness – Typically, a community needs 
to experience a disaster first-hand before it 
jumps into action to heighten preventative 
measures. But the state of Oregon was an 
exception. In 1999, when geologists ramped 
up their warnings about the potential for a 
seismic event along the dormant Cascadia 
Fault, the Oregon State Senate took steps that 
paved the way for the development of the 
Oregon Resilient Plan. Their efforts were further 
motivated by the 2011 Tohoku earthquake and 
tsunami, as well as a study predicting that the 
effect of a magnitude 9.0 earthquake would 
equate to $32 billion in economic losses and 
thousands of lives lost state-wide.

With the understanding that Oregon was ill-
prepared for such a disaster, the comprehensive 
plan called for a complete assessment of critical 
buildings, a sustained investment in upgrading 
public structures, and development of a seismic 
rating system and incentives for resilient 
building practices. Perhaps the state’s biggest 
challenge remains figuring out how to fund 
the retrofitting of a million single-family homes 
constructed almost entire of wood framing. 
Although wood’s lightness is an advantage with 
seismic motion (compared to their weakness in 
the face of wind), the issue is with inadequate 
wall-to-foundation anchoring, unbraced cripple 
walls, and roof-to-wall connections. But given 
its progressive approach to date, Oregon is 
poised to resolve these problems on its road to 
disaster resilience.

BUILDING DISASTER-RESILIENT 
STRUCTURES

Resilience is generally defined as the ability to 
recover from or adjust easily to misfortune or 
change. Minimum state or local building codes 

Aspect Guidelines

Flood Hazard Design • Foundation 

• Elastic response, with little or no structural damage

• Main structure 

• Constructed above Design Flood Elevation (DFE) to eliminate need for a design 
that resists flood loads

• Include freeboard in building design to safeguard against damage to main 
structure and contents in case of flood elevations in excess of DFE

Wind Hazard Design • Elastic response of building structure: 

• 700-year wind speed

• 3-sec gust 

Seismic Hazard Design • All portions of building designed using Maximum Considered Earthquake (1 
percent in 50 years), taking into account:

• Ground motion

• Peak ground acceleration 

Erosion Hazard Design • Ratio of soil strength to soil stresses, taking into account:

• Type/importance of bluff-top development

• Bluff height

• Potential bluff failure (deep rotational vs translational failure)

Design Above  
Minimum Requirements

• Siting further landward beyond minimum distance requirements

• Elevating building above minimum requirements

• Embedding piles deeper than minimum requirements

• Choosing structural members and connections that exceed requirements for 
gravity, uplift, and/or lateral forces

• Improving roofing systems to provide greater resistance to wind

• Choosing roof shapes (e.g., hip roofs) that reduce wind loads

• Protecting openings with permanent or temporary shutters/covers

• Eliminating enclosures below an elevated building

Typical Load Types 
(dead and live loads)

• Flood

• Hydrostatic

• Buoyancy

• Hydrodynamic

• Breaking wave

• Debris impact

• Tsunami

• Wind

• Windward

• Leeward

• Uplift

• Seismic 

• Base shear

Site Characteristics Affecting Load

• Orientation in relation to flow

• Erosion/scour potential

• Dune protection

• Building setback

• Ground roughness around site

• Debris potential

• Soil liquefaction

• Depth of foundation members

• Types of soil support material 

Building Characteristics Affecting Load

• Height above ground

• Obstructions below BFE

• Foundation type/size

• Roof shape

• Building geometry

• Height above grade

• Number and location of openings

• Building geometry

• Building weight

• Building system response coefficient

• Height above grade

• Number of stories

Continuous Load Path • Ability of all elements of a building (from roof to foundation) to carry or resist 

• lateral and uplift loads

• Continuous load path starts at point/surface where loads are applied, moves 
through building, continues through foundation, and terminates where loads are 
transferred to soils that support building

• Each link in load path chain must be strong enough to  
transfer loads without breaking

FORTIFIED DESIGN & BUILDING PRACTICES7

(exceeding minimum codes and regulatory requirements)

 Sample Design Considerations
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concrete forms. Here’s what Randy Robbins, a 
survivor of the Attica, Kansas tornado of 2004 
feels about his family’s decision to go with ICFs: 
“Safety was a secondary consideration when 
we chose to build with ICF. For us, the greatest 
benefit was its energy efficiency. Yet we’re alive 
today because of these walls.” 

Anatomy of an ICF System

An insulated concrete form (ICF) system offers 
the best of both worlds: the strength and 
durability of reinforced concrete and the energy 
efficiency of expanded polystyrene (EPS) rigid 
insulation. It is clearly a synergistic partnership, 
producing a combined effect that is greater 
than the sum of the separate benefits of each 
building product. 

The ICF system serves as a permanent interior 
and exterior substrate for walls, floors and 
roofs. To construct an ICF wall, two layers of 
rigid insulation are separated with recycled 
polypropylene webs to create an ICF block.  
These hollow blocks are interlocked (in dry-
stack fashion) and the webs locate and hold 
reinforcing steel (rebar) before the cavities 
are filled with concrete. The end-result is a 
reinforced concrete wall in the center, encased 
in barrier insulation on each side. The materials 
work as a team, with the concrete and rebar 
providing an ideal load-bearing wall that carries 
vertical loads and resists lateral loads from wind 
and seismic motions. The entire ICF  
wall assembly with all the layers combined 
creates a secure air tight envelope with good 
acoustic properties.

In the case of ICF roof and floor systems, the 
EPS functions as a one-sided insulating form 
on the bottom surface. EPS panels up to 30 
feet in span are placed between concrete walls, 
then fitted with reinforced steel and filled with 
concrete. Since ICF walls are concrete bearing 
walls, any traditional flooring or roofing system 

neighborhood in total disarray—blown-off 
roofs, stripped siding, exposed interiors, 
collapsed foundations. Then you spot a sole 
residential structure that incurred only minimal 
damage to its roof, windows, doors and 
landscaping. That contrast in resiliency often 
stems from early decisions made in the critical 
design/build phase. 

One of the smartest decisions a home owner 
can make is to use Insulated Concrete Forms 
(ICF) as an innovative building envelope 
alternative to traditional light-wood frame 
or light-gauge steel. Consider structures that 
survived the wrath of Hurricane Katrina. 
Several ICF buildings not only withstood the 
tremendous wind gusts, but also the force of 
the storm surge. But, ironically, most builders 
or home owners don’t choose ICF systems for 
their disaster resiliency. The bigger draw is the 
well-known energy efficiencies of insulated 

take into account the natural hazard risks of 
a particular building site. But these standards 
do not provide an optimal (or advisable) level 
of protection, particularly in high-risk areas. 
There is a degree of “residual risk” that must 
be evaluated so that additional mitigating 
measures can be taken prior to the design and 
construction of a building. If residual risk is 
ignored, the owner must be prepared to absorb 
any potential losses beyond those covered by 
basic insurance. 

Although the chief focus of this course is on 
the advantages of Insulated Concrete Forms 
(ICF) as a primary building material for disaster 
mitigation, there are a host of other practices 
that can elevate your building’s protection 
against both natural and man-made disasters. In 
the table, Fortified Design & Building Practices, 
a sampling of some of the recommended 
considerations in both the design and 
construction phases of a build. These guidelines 
were extracted from a highly detailed reference 
called Coastal Construction Manual, available 
on the Federal Emergency Management 
Agency (FEMA) website at fema.gov. This site 
is an excellent source for detailed design and 
construction specifications relative to specific 
disasters and geographic locations.

ICF: A KEY ALLY IN RESILIENT BUILDING

In the aftermath of a major hurricane or 
tornado, you’ll commonly see images of a 

Aspect Considerations

Concrete Foundation 
Construction

• Typically requires steel reinforcement

• Completed cast-in-place exterior concrete elements should provide 11/2 inches or 
more of concrete cover over reinforcing bars

• Minimum cover values vary according to bar size and  
exposure to earth or weather

• Vibration during placement must be sufficient to eliminate air without  
separating concrete or water from mix

Building Envelope • Siding attachment to wall framing

• Attachment of windows and door to wall framing

• Flashings around wall and roof opening, roof perimeters,  
and at changes in building shape

• Roof covering attachment to sheathing, including special connection details

• Attachments of vents and fans at roofs and walls

Walls • Wall framing attachment to floors

• Size and location of openings

• Wall stud blocking

• Sheathing nailing – number, spacing, depth of nails)

• Material storage – protection from elements prior to install

• Stud material – excessive crown (crook) or lateral warping (bow)

• Header support over openings

 Sample Construction Features/Practices

Typical ICF wall assembly

THE “5 IN 1” SOLUTION  
OF AN ICF SYSTEM

1. Structure

2. Insulation

3. Vapor Barrier

4. Sound Barrier 

5. Drywall and Exterior Attachments 

http://fema.gov


CONTINUING EDUCATION

ICF Applications 

ICF systems are highly versatile solutions that 
can accommodate buildings ranging from 
single-story homes to high-rise structures of 20 
or more floors. Typical ICF applications include 
single- or multi-family residences, hospitals, 
office buildings, government facilities, college 
dormitories, schools, or hotels. Interestingly, 
theaters have been recent adopters of ICF due 
to its superior noise reduction qualities, among 
other factors. The growing popularity of ICF 
construction is directly related to its wide-
ranging benefits that satisfy the needs of so 
many types of public- and private-sector builds. 

ICF Construction Best Practices 

After the basic install is complete, channels 
can be cut into the EPS to install electrical and 
plumbing lines. As a final step, interior/exterior 
finishes are screwed directly to the ICF via the 
embedded plastic webs attached horizontally 
every 6-8 inches.

Although ICF construction is a pretty 
straightforward process, the manufacturer 
will provide detailed instruction references, 
including a series of best-practice guidelines. 
Below is a sampling of tips to reflect on as you 
embark on an ICF project.

Best Practices for a Successful ICF Install

1. Hire a qualified installer – The installer 
on your project should be trained and 
certified in the particular ICF system specified. 
Some product manufacturers offer site visits 
at several points throughout the install.

2. Account for wall thickness – Although 
ICF walls are thicker, the amount of “lost” 
space is only noticeable in a situation where 
the builder changes from ICF wall to wood 
framed construction in a knee wall scenario.

3. Avoid inefficient wall sizes/shapes 
– Walls with bump-ins or bump-outs result 
in shorter walls (i.e., less useful living 

can be used in conjunction with ICF wall 
systems, including precast hollow-core plank, 
reinforced concrete slabs, metal deck/steel 
joists,cold-formed joists or wood joists.

ICF Component Specs

Each ICF manufacturer offers a multitude of 
component styles, sizes and configurations 
to accommodate specific residential and 
commercial design conditions. Spec ranges and 
configuration options are listed below:

• ICF Block Styles – available in straight, 
corner, angled, curved, brick ledge, tapered 
top, half-height and t-blocks

• ICF Block Sizes – 48 – 96 inches long; 
12 – 24 inches high

• EPS Insulation – 1–3 1/4 inches thick; 
R-value of 4 ft2*h*°F/BTU per inch (ASTM 
C578, Type II closed cell foam) 

• ICF Core Sizing – Typically 6 or 8 inches 
apart for single-story/mid-rise applications; 
8, 10 or 12 inches apart in commercial 
construction; 4 inch is also available 
and can be used as a “curtain wall” or 
demising wall in commercial construction.

• ICF Core Configurations – Flat, grid and 
post-and-beam styles (among others)

• Reinforcing Steel – Typically #4, #5 or  
#6 diameter bars for smaller loads;  
larger diameters (ACI code 318 applies) for 
higher loads or concentrated loads

• Webs – Typically polypropylene plastic 
with notches to secure horizontal/vertical 
reinforcing bars; webs can be removable  
or embedded.

Flexible Finishing Options 

Quite often, consumers who are unfamiliar 
with the innovative qualities of ICF systems 
assume that aesthetics have to be sacrificed in 
the finished product. Not so. Since the webs 
are embedded in the ICF blocks, they are used 
for screw-on attachment of interior or exterior 
finishes, gypsum board, furring strips and ties 
are all easily attached to the ICF structure. From 
there, the exposed wall, roof or floor surfaces 
can be finished with any combination of wood, 
steel, brick, stone, stucco, tile or carpet. 

When all is said and done, a residential or 
commercial building with an ICF structural 
system can be an aesthetically beautiful, 
comfortable space that is fortified to withstand 
the elements, sustain resources, and fulfill—or 
exceed—the building’s life cycle expectations. 

ICF WALL CONSTRUCTION:  
EASY AS 1-2-3

Step 1: STACK

Place corner blocks, then lay the straight blocks toward 
the center of each wall segment.

Step 2: BRACE

Install alignment bracing around the entire wall of the 
structure to ensure that the walls are straight and plumb, 
as well as to enable alignment adjustment.

Step 3: POUR

Pour the concrete into the walls using a boom pump.
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block to optimize the placement of  
rebar in webs in order to avoid voids and 
expedite stacking.  

11. Choose the proper mechanical 
system – Because ICF is so energy-efficient, 
mechanical engineers need to factor this in 
as they calculate HVAC requirements. In fact, 
if a unit is oversized, it can actually create 
humidity/moisture issues in the interior. 
The energy efficiency comes in two parts: 
added thermal resistance which reduce 
cooling/heating loads therefor allowing for 
reduction in the heating/cooling equipment 
and increased air tightness of the building 
due to the ICF construction. The increased 
air tightness usually requires for a dedicated 
fresh air intake to be present and properly 
sized. In the past, due to poor construction, 
the fresh air would enter via uncontrolled air 
leaks through the building envelope.

RESILIENCE ROI OF AN ICF SYSTEM

As we’ve emphasized, “resilience” is an 
integrative strategy that promotes sustainable 
building decisions that encompass disaster-
mitigation, durability and environmental 
protection. While energy efficiency has been a 
huge motivator for selecting ICF materials to 
date, a building’s disaster mitigation capacities 
and durability are just as important as any 
LEED-certified standard in achieving a  
sustainable design. 

In fact, all three priorities are so interlinked that 
a decision made in one sustainability arena 
positively impacts the others. For instance, 
making the decision to select a robust system like 
insulated concrete forms heightens a building’s 
durability and longevity in the face of normal 
wear and tear. If disaster does strike, these 
durable qualities minimize structural damage, 
which in turn conserves energy and reduces the 
need for additional natural resources during the 
recovery phase. 

Adopting a resilient building strategy is not 
just the responsible thing to do, it is the most 
sustainable investment which will pay for itself 
many times over during the short-term build and 
long-term occupancy phases of a project.

ICF’s Disaster Mitigation Advantages

Fire resistance: Since concrete won’t burn 
like wood and does not soften or bend like 
steel, it is the ideal material for resisting fires. 
Noncombustible concrete walls have a fire rating 
of 3-4 hours, protecting a building’s occupants, 

integrity and accuracy for sub-contract 
finishing work. The higher the wall, the 
harder it is to reach the exterior with bracing, 
so brace from the inside. Rather than 
creating your own bracing system, go with 
the ICF manufacturer-recommended (OSHA 
approved) scaffolding/ bracing system that 
works best with their products.

7. Strategically place a vertical or stack 
joint – In applications where a vertical or 
stack joint is required, place the joint over 
a door or window opening to minimize the 
required length of the joint and associated 
labor. Just be sure to properly brace and 
strap the joint at this critical juncture. Most 
importantly, maintain proper horizontal 
dimensions above and below openings.

8. Don’t compromise the thermal 
envelope – Maintain continuity of insulation 
and avoid cantilevered concrete floors  
or exposed slab edges to prevent  
thermal breaks.

9. Avoid heavy vibrating during 
concrete pour – ICF walls should be vibrated 
to remove voids in the concrete. Consider 
substituting with a small-diameter mechanical 
vibrator to allow concrete to spread evenly 
and maintain integrity.

10. Make sure the concrete completely 
fills the form – To avoid holes and gaps 
in the concrete pour, be familiar with the 
structural requirements and the design of 
the webs. It is highly recommended for the 
structural engineer to be familiar with the ICF 

spaces) or shifting of window placement 
if these features are used around corners. 
Whenever possible, straighten bump-ins 
and bump-outs. This will not only add 
construction efficiency and living space, but 
reduce the need for more costly corner/
specialty blocks. If a bump-in/bump-out is 
a stylistic preference, check manufacturer 
recommended coursing charts—or 
accomplish the effect with a façade built of 
light guage steel, brick, block or lumber.

4. Be aware of the right attachments 
– When securing items to the ICF, use the 
method recommended by the ICF supplier.

5. Work efficiently with wall  
lengths – Your strategy for combining 
multiple ICF blocks and working with 
cuts/seams will have a major impact on 
project speed and quality. Select even-inch 
increments for wall lengths whenever 
possible since the connection pattern 
repeats every inch, thereby making stacking 
far easier. Work with block’s web spacing 
increments to ensure that all embedded 
attachment points are vertically aligned, 
allowing for smooth application of finishes. 
Do not take pains to achieve zero cuts in an 
ICF block—use of a common seam often 
eliminates layout problems, speeds up the 
process, and ensures the majority of plastic 
webs are aligned.

6. Brace from the inside – Proper bracing 
is the key to ensuring that walls are straight 
and plumb, which is critical to structural 
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growth, insect damage, chemical attack, 
moisture and abrasion while maintaining 
its superior engineering properties. The EPS 
insulation that encases the concrete is also 
resistant to moisture, mold and rot, and 
dramatically slows the concrete hydration, 
providing a very strong wall. 

What makes ICF construction even more durable 
is the method in which the walls and floors are 
tied together with overlapping reinforced steel, 
resulting in a monolithic structure that  
will stand the test of time. The bottom-line 
benefit for owners: far fewer maintenance 
headaches and substantial savings over the life 
span of a building.

ICF’s Environmental Protection 
Contributions

Energy Efficiency: Perhaps the most 
transparent long-term benefit of an ICF system 
is its incredible ROI in terms of energy savings. 
There have been countless studies touting these 
energy savings. In the table titled, Annual Total 
Cost of Energy to Heat and Cool 2,000 Square-
foot House, the results of a recent industry 
study comparing the annual energy costs of 
an ICF system against traditional wood frame 
construction. Accounting for nominal differences 
between an ICF structure and a hybrid of ICF 
walls and a wood joist roof system, the annual 

shifts due to their light weight, issues with 
structural connections and bracing prove to 
be the downfall of a wood-framed building. A 
reinforced concrete (ICF) wall provides an ideal 
fortress against earthquakes: the concrete works 
to resist the compression forces that try to push 
the materials together, while the reinforced steel 
applies tensile strength to resist the structure 
from being pulled apart, thereby opposing 
formation of large cracks. In areas of high 
seismic activity, double rebar curtains are often 
used to meet greater structural requirements. 

Flood protection: Since concrete actually 
strengthens in the presence of moisture, when 
it is submerged in floodwaters it suffers little 
to no damage. And while wood is subjected to 
rotting and mold, concrete’s inorganic makeup 
maintains its composition over time. The only 
post-flood cleanup needed for a concrete wall 
might be a good pressure washing.

ICF’s Unmatched Durability and Longevity 

The Roman Pantheon, the medieval cathedrals 
of Europe, the Hoover Dam—these enduring 
structures continue to thrive because of 
their concrete construction. Long after new 
concrete hardens, it continues to cure, getting 
progressively stronger as time goes on. Because 
its inorganic composition prevents degradation, 
concrete can resist weathering, mold/mildew 

possessions and structural integrity far longer 
than highly combustible wood framing that 
collapses after 1 hour. The EPS insulation of an 
ICF is also flame-retardant, and any smoke from 
burning is non-toxic.

Wind loads: Thanks to its rugged concrete 
construction, an ICF building can withstand 
tornado or hurricane winds reaching 200-300 
mph compared to the 120 mph capacity of 
wood frames. As proof of ICF’s superiority in the 
face of wind velocities, FEMA has recommended 
that storm shelters be constructed using 
insulated concrete forms. 

An important component of wind resistance is 
the presence of a continuous load path from 
roof to foundation as a means for transmitting 
wind uplift and shear loads safely to the ground. 
ICF construction addresses this requirement in 
two ways: Its wall-to-foundation connection 
is automatically strengthened by vertical 
reinforcing steel bars. With regard to roof and 
floor connections, ICF manufacturers provide 
specialized hardware for attachment. Roof 
trusses can be attached via straps to metal plates 
in the concrete wall or directly to the concrete 
itself, and ledger systems can be used to 
reinforce the wall-to-floor connection.

Earthquake resistance: Although softwoods 
have a built-in advantage during seismic 

CONCRETE PASSES DEBRIS TEST  
WITH “FLYING” COLORS 

Direct pounding of high winds on a building is 
not nearly as damaging as flying debris driven by 
those winds. A recent simulation conducted by 
Texas Tech University’s Wind Engineering Research 
Center compared the impact resistance of residential 
concrete wall construction to conventional framed 
walls. A compressed air cannon was used to propel 
a 15 lb. 2x4 wood stud “missile” traveling at speeds 
up to 100 mph against four wall types: wood frame, 
steel frame, concrete, and insulated concrete form. 
The speed used was calculated as the equivalent of 
the weight and speed of debris generated during 
a 250 mph tornado—well above even the most 
extreme tornado or hurricane wind velocities.8

As you might expect, the debris passed completely 
through the light-wood and light steel framed walls. 
The concrete walls fared significantly better, with 
damage only to any exterior finishes, and in some 
cases, slight dents in the insulation foam. But, most 
important, no cracks in the concrete were observed.

The report summarizes its findings as, “The strength 
and durability of concrete walls offer unmatched 
resistance to the devastation of major storms.”

Source: Portland Cement Association

ANNUAL TOTAL COST OF ENERGY TO HEAT  
AND COOL 2,000 SQUARE FOOT HOUSE

$515.87

$847.43

$527.15

 Typical Wood Frame Construction
 ICF Walls with Wood Joist Roof System
 ICFWalls with AmDeck Roof System
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efficiencies and pays for itself over the long  
haul through a variety of occupancy savings,  
as we’ll discuss below.

Construction efficiencies – The light-weight 
characteristic and nature of an insulated 
concrete form system lends itself to a series of 
cost-saving efficiencies during a typical build: 

• Light-weight construction reduces need  
for hazardous heavy equipment, resulting 
in less injury potential and lower  
insurance costs.

• Requires one crew and one system to 
manage a build from footing to roofline, 
with only specific training needed for  
lead hands.

• Properly constructed ICF create minimal 
waste and cleaner job sites.

• ICF protection of concrete from freezing 
extends building season and eliminates 
need for additional heating and tarps. 

• Expedited project completion times  
reduce lending costs and accelerate 
occupancy earnings.

Lower utility bills and streamlined HVAC 
investment – The drastically reduced utility 
bills of an energy-efficient ICF build are well-
publicized (see discussion above). But a related 
bonus is the ability to downsize your HVAC 
system by an estimated 30% as a result of 
these efficiencies. That translates into reduced 
equipment investment upfront and lower 
maintenance costs over the long haul. 

Lower insurance premiums – A 2017 Boston 
College study reported that insurance quotes 
for concrete builder risk policies were 22-72% 
lower than those for wood-framed construction 
projects. Similarly, commercial building owners 
saw a 14-65% premium reduction compared 
to owners of wood-framed structures.11 As 
disaster-resilience building practices gain more 
attention, insurance companies will continue 
to incent builders and owners who make 
responsible sustainability decisions, particularly 
those who build to code-plus standards like 
IBHS’s FORTIFY program.

Higher resale value – Initial investment in 
sound building practices will pay dividends 
when it comes time to sell your property. 
Building appraisals give strong consideration 
to construction processes and quality and 
durability of materials used, particularly in 
hazard-prone areas. Case in point: A 2012 
study by Florida State University found that 
homes built to the more resilient 2002 Florida 

pieces, the recycled concrete can be used 
for such projects as foundation slabs, ICF 
builds, new road construction or riprap for 
controlling streambank erosion. Even the rebar 
from reinforced concrete can be extracted via 
magnets and melted down for recycling. 

Admittedly, concrete has a ways to go before it 
can declare itself “greenest of all.” But, as one 
industry expert points out, taking a snapshot of 
material leaving the production plant or in its 
completed construction does not tell the whole 
story. In isolation, “concrete often looks the 
least ‘green.’ However, when you figure in that 
concrete will outlive and outlast other materials 
by 5 to 10 times, it is very ‘green.’” 

Indoor air quality – Because no 
harmful chlorofluorocarbons (CFCs), 
hydrochlorofluorocarbons (HCFCs) or 
formaldehydes are used in the manufacture 
of EPS insulation, off-gassing is not an issue 
with ICF. The American Lung Association 
Health House publishes stringent guidelines 
for indoor air quality, citing EPS insulation as 
a stellar choice due to its “slow rate of water 
vapor movement by diffusion and air transport 
through the insulation.”

BUILT-IN INCENTIVES OF AN ICF BUILD

As discussed above, the benefits of a 
sustainable ICF system are abundant. But cost is 
always a primary consideration. Here are some 
of the countless—and repetitive—cost savings 
that can be realized during the short-term build 
and long-term occupancy phases of a project:

Comparable cost of construction materials 
– If asked about the most cost-effective 
construction material, most industry insiders will 
claim that wood framing wins, hands down. 
But with recent advancements in concrete 
applications, concrete’s cost-prohibitive 
stereotype is being debunked. A 2017 study 
conducted by Walter G.M. Schneider II, Ph.D. 
and ICC Master Code Professional, calculated 
the initial cost of construction for a four-story 
residential structure, comparing six different 
construction materials, including wood framing, 
light-gauge steel framing, and a variety of 
concrete approaches.10

The study found that most of the concrete-
based construction materials cost less than 
wood frame and light steel construction 
methods. Even ICF, which is initially the  
most costly, was within 17%-20% of the cost 
of wood framing. This initial investment is  
offset immediately by construction phase 

energy savings for a 2000 –square-foot house 
averaged $27 per month or $326 per year—a 
near-40% reduction in energy costs.9

The technology behind this energy efficiency is 
the Expanded Polystyrene (EPS) insulation that 
provides an air-tight encasement around the 
reinforced concrete form. ICF insulation is ASTM 
C578, Type II closed cell foam with an R-value 
of 4 per inch. To form EPS, polystyrene beads 
are expanded with steam, resulting in highly 
dense beads that are injected into a  
mold of the required shape. After the EPS is 
cured, it is a stable and strong material ready 
for construction.

A typical wood frame wall has an insulating 
value of R-14 (units), but due to thermal 
bridging through the framing and voids in the 
insulation, that value is reduced to an actual 
(true) value of R-11 (units). On the other hand, 
the R-value of a typical ICF wall is R-23, which 
remains the true R-value since there is no 
thermal bridging through the walls or loss of 
R-value over time. 

The thermal mass properties of concrete also 
contribute to energy efficiency, particularly in 
climates with big temperature swings. Because 
a concrete wall is able to absorb heat in the day 
and store it for release during the cooler hours 
(heat flow reversal), indoor temperature swings 
are naturally moderated, consequently reducing 
peak load cooling demand by shifting it to the 
evening or night time. 

Use of Recycled Materials – Over the 
past several years, there has been a big 
push to reduce concrete’s carbon footprint 
by substituting virgin materials and fuels 
used in the cement-making process with 
recycled municipal, agricultural and industrial 
by-products such as tires, agricultural wastes, 
steel manufacturing slag, fly ash and gypsum 
from sulphur scrubbers. Modernized cement 
production methods have also shifted from wet 
to dry, reducing the use of water and cutting 
energy consumption in half. 

Then there are the advancements in recycling 
concrete. Traditionally, concrete rubble was 
trucked from demolition sites to landfills 
for disposal. But these days, builders are 
recognizing the environment benefits and cost 
savings of recycling concrete aggregate. With 
the advent of crusher attachments that connect 
to various construction equipment, the trend 
towards recycling on-site with smaller volumes 
of material is growing rapidly. Depending on 
the size and degree of contamination of the 
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building code (instituted as a result of Hurricane 
Andrew) yielded 12.3% higher resale prices 
compared to those grandfathered in by weaker 
previous building codes. 

Financial incentives – Adopting progressive 
performance standards like LEED v4 and 
FORTIFIED Home or Commercial can pave the 
way for additional incentives in the form of 
tax credits, reduced mortgage/financing rates, 
utility discounts, favorable permits, and as 
mentioned above, insurance premiums.

CONCLUSION

In the not-too-distant future …

“Homebuilders will compete for consumers 
based on their disaster-resilience features, not 
just their kitchen counters and cabinetry.” 

Aris Papadopoulas, leader in the  
resilient-build movement

Clearly, America is not well-positioned to 
“weather the storm” of disaster risk. Our 
dependence on post-disaster support needs 
to dramatically shift toward addressing the 
underlying root causes of disaster vulnerability. 
The built environment—our nation’s largest 
category of asset investments—needs to be 
front and center in the effort to mitigate risk 
through code revisions, innovative building 
design/practices and strategic materials 
selection.

When you make the decision to install insulated 
concrete forms as the basis for your building’s 
structural system, you and your client will reap 
the rewards during the short-term construction 
and long-term occupancy phases of a build. 
These benefits influence virtually every facet of 
project decision-making, including construction 
cost/efficiency and building maintenance, 
durability and sustainability—in terms of both 
“green” building and disaster resilience. ◾
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