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Feature

BUILDING GREEN HAS BECOME 
more common as the nation focuses 
on achieving energy savings and other 
environmental goals. As such, green 
building practices are increasingly be-
ing incorporated into residential build-
ing design and construction. As green 
building continues to gain popularity in 
the residential market, home designers, 
builders and code officials will increas-
ingly be faced with making decisions 
concerning how to apply green build-
ing practices while not compromising 
other performance goals, including re-
sistance to natural hazards. 

For some house components and 
in some areas especially susceptible 
to natural hazard events (for example, 
coastal regions where hurricane winds 
are likely), decision makers will need to 
balance the benefits of green practices 
and the associated green building rat-
ing system points with practices that 

can improve house performance in a 
disaster event but do not garner points. 
Designers will also need to determine 
whether a green practice under consid-
eration warrants a re-evaluation of the 
home’s structural design or detailing to 
ensure that natural hazard resistance is 
maintained. 

This paper provides only a cursory 
overview of the relationship between 
green building practices and natural 
hazard resistance. A more detailed dis-
cussion is presented in a new publication 
by the Federal Emergency Management 
Agency (FEMA), entitled Natural Haz-
ards and Sustainability for Residential 
Building, FEMA P-798 (FIGURe 1).

GReen BuiLdinG RatinG 
systeMs foR ResidentiaL 
constRuction

Several nationally recognized green 
building rating systems used in the 

United States apply to residential con-
struction. The two most recognized sys-
tems are the National Green Building 
Standard (ICC 700), which is circulated 
jointly by the National Association of 
Home Builders (NAHB, 2008a and b) 
and the International Code Council 
(ICC) (FIGURe 2), and the Leadership 
in Energy and Environmental Design 
(LEED) for Homes rating system, which 
is circulated by the U.S. Green Build-
ing Council (USGBC, September 2010) 
(FIGURe 3). A variety of local and re-
gional residential green building pro-
grams are also in use today (described 
by Bowyer, 2010). These rating systems 
are often used voluntarily and are not 
incorporated as reference standards in 
the model codes, such as the Interna-
tional Residential Code (IRC) or the In-
ternational Building Code (IBC).¹ 

This article focuses primarily on 
green building practices, as described 

Green building Practices 
for Residential Construction and  
Natural Hazard Resistance: 
How are they Linked?
By Philip Line, PE; Omar Kapur, EIT, LEED Green Associate; and Samantha Passman, EIT

Figure 1. Natural Hazards and 
Sustainability for Residential 
Construction, FEMA P-798.

Figure 2. The National Green Building 
Standard (ICC 700).

Figure 3. Leadership in Energy and 
Environmental Design (LEED) for 
Homes rating system, Version 3.
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Figure 4. ICC 700 and LEED for Homes green building categories (FEMA 2010).

in ICC 700. Its use here is not intended 
to indicate a preference for ICC 700 rel-
ative to either LEED for Homes or any 
other green building rating system.
Green building categories

Green rating systems commonly 
group specific practices into broad cat-
egories, as shown in FIGURe 4, for both 
ICC 700 and LEED for Homes. 

For example, the “Resource Efficien-
cy” category in ICC 700 includes spe-
cific practices, such as using framing 
techniques that optimize material use 
and installing roof overhangs or aw-
nings that protect the building from the 
effects of precipitation and solar radia-
tion. Other green rating system catego-
ries include a similarly-detailed list of 
specific practices.
Green building performance levels

As noted earlier, a number of rating 
points are generally assigned to each 
specific green building practice. For ex-
ample, under ICC 700, a specific num-
ber of points qualifies a building design 
as achieving a bronze, silver, gold or 
emerald performance-level, where em-
erald represents the highest level. LEED 
for Homes uses a similar points-based 
approach. Implicit in the rating system 
approach is that the final as-built con-
struction will provide natural hazards 
resistance commensurate with other 
applicable laws, codes and ordinances 
that regulate building construction. 

The benefits of hazard resistance are 
not explicitly identified by the green rating 

systems in their current form but may be 
taken into account indirectly in some cat-
egories. For example, ICC 700 gives credit 
for performing a life-cycle analysis (LCA) 
of a building design. By implementing 
LCA concepts, designers can demonstrate 
avoided damages—specifically, avoided 
materials loss that would otherwise be re-
quired for repair or reconstruction—and 
show measurable environmental benefits 
for a stronger home.

GReen BuiLdinG PRactices and 
HazaRd Resistance: WHat’s 
MissinG?

While many common green build-
ing practices have minimal interaction 
with structural performance, others 
may require reevaluation of the build-
ing’s structural design or detailing to re-
tain its integrity during natural hazard 
events. The proper implementation of 
a new green building practice for resi-
dential construction can be particularly 
challenging because designer partici-
pation is often limited and prescriptive 
design methods are prevalent. Many 
considerations involved in ensuring 
successful implementation of new 
building practices are not specifically 
covered by the requirements of the IRC. 

The following are some of the ques-
tions to ask before implementing a 
green building practice or, for that mat-
ter, any new building practice:
•	 Are any design changes required to 

maintain compliance with codes 
related to hazard mitigation spe-
cific to the region or to other as-
pects of structural performance and 
durability?

•	 Are there any special building detail-
ing issues that must be addressed?

•	 Will any special installation and 
maintenance instructions need to be 
developed and communicated in the 
field?
Examples of green building prac-

tices not specifically addressed by the 
prescriptive requirements of the IRC 
include large roof overhangs for solar 
shading, attachment of rooftop solar 
photo-voltaic panels and attachment 
of exterior siding products over exterior 
insulation on exterior walls. 

exaMPLes of sPeciaL 
consideRations to Maintain 
HazaRd Resistance

Table 1 is found on pages 14 and 15. 
It is derived from FEMA P-798 and de-
scribes the interaction between green 

footnote
1. ICC 700 was referenced in Version 1.0 of the International Green Construction 

Code (IgCC) but was dropped from Version 2.0.  The IgCC is currently under de-
velopment, with publication targeted for March 2012.
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Table 1. Green Building Practice Natural Hazard Sensitivity Matrix
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Source: FEMA P-798, Natural Hazards and Sustainability for Residential Buildings, 2010.
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building practices and the need for 
natural hazard resistance for several 
ICC 700 categories. In addition, it illus-
trates potential effects and is intended 
to encourage further thought and con-
sideration of improved design, detail-
ing and installation techniques. 
Lot design, preparation and 
development

Beneficial interactions: Green build-
ing practices that minimize slope dis-
turbance, soil disturbance and erosion 
can also significantly improve the re-
sistance of a neighborhood to some 
natural hazards (such as earthquakes, 
some types of flooding and wildfires). 
Further, development of stormwater 
management plans, hydrologic analy-
ses, soil studies and other such actions 
that garner points under ICC 700 can 
also guide the designer to solutions 
that increase a building’s resistance to 
natural hazards.

Special considerations: Site selec-
tion decisions, made in order to qualify 
for green rating system points, should 
also take into account the dominant 
natural hazards in a region. For exam-
ple, the decision to build on an infill 
site should include consideration of 
floodplain and stormwater manage-
ment issues.
Energy efficiency

Beneficial interactions: Green build-
ing practices that improve energy-effi-
ciency by using thermal mass can also 
increase resistance to certain natu-
ral hazards. For example, the use of 
properly detailed concrete or masonry 
walls can improve resistance to wind-
borne debris in high-wind events.

Special considerations: Increasing 
thermal mass also increases the loads 
imparted on a building in an earth-
quake. The use of heavier walls re-
quires increased bracing to withstand 
the higher earthquake loads. Addition-
ally, energy-efficiency practices that 
reduce the number of framing con-
nections or their effectiveness (due 
to increased framing spacing [see the 
example under Resource Efficiency] 
or wider spaces between structural 
framing and sheathing or siding) re-
quire special attention to detailing. 
For example, thick exterior insulat-
ing sheathing in a high-wind region 

may require non-standard attachment 
and flashing to maintain resistance to 
wind suction and wind-driven rain in-
trusion into wall cavities.
Resource efficiency

Beneficial interactions: The green 
building practices that optimize build-
ing framing (as per ICC 700, Section 
601.2) can have a significant effect on 
structural performance. When this de-
sign accounts for the dominant natural 
hazards in a given region, optimization 
can improve structural robustness. For 
example, optimization in a high-wind 
region often includes reinforcing high-
ly-stressed connections.

Special considerations: The Com-
mentary to Section 601.2 of ICC 700 
(NAHB 2008b) encourages advanced 
wood framing techniques that use 
less material in the building while 
complying with applicable structural 
requirements. In some cases, the opti-
mization of framing creates additional 
challenges for designers to maintain 
load paths and other aspects of struc-
tural capacity. 

Unless these techniques are care-
fully implemented, some parts of the 
structure may be compromised. For 
example, increasing framing spac-
ing from 16 inches (40 cm) on center 
(o.c.) to 24 inches (60 cm) o.c. earns 
credits in the ICC 700 rating system 
but provides fewer points of connec-
tivity within walls and between the 
walls and the roof. If the optimized 
framing system is used, proper instal-
lation of each connection is more im-
portant than it would be in the more 
redundant 16 inches (40 cm) o.c. situ-
ation, simply because there are fewer 
connections.
Operation, maintenance and build-
ing owner education

Beneficial interactions: ICC 700 
provides credit for communicat-
ing important building operation 
and maintenance information to the 
homeowner. This information can 
help the homeowner to maintain criti-
cal areas in the exterior building enve-
lope, thus minimizing long-term water 
intrusion and associated building deg-
radation. Well-maintained buildings 
are better equipped to resist wind and 
seismic hazards.  

added Benefits of 
MaintaininG natuRaL 
HazaRd Resistance

FEMA P-798 defines sustainable 
building design as “building design 
that addresses fundamental sustain-
ability principles by optimizing the use 
of land, materials, energy and water 
for human occupancy and ecosystem 
health while considering the ability of 
the building to resist natural hazards.” 

Buildings that incorporate green 
building practices and provide need-
ed resistance to natural hazards have 
distinct advantages and offer consid-
erable sustainability benefits, even 
though these benefits are difficult to 
quantify. For example, every home 
that survives a hurricane:
•	 Provides post-disaster shelter for 

the home’s occupants;
•	 Minimizes windborne debris to 

downwind homes;
•	 Removes the need for one addition-

al temporary housing structure; and
•	 Provides post-disaster sustainabil-

ity benefits (less material sent to 
landfill and less new material need-
ed for reconstruction).
If a home has self-sufficiency attri-

butes (also known as “passive surviv-
ability”), it can shelter occupants after 
a disaster without relying on outside 
infrastructure. Consider, for exam-
ple, the use of solar power for on-site 
electric power generation. Numerous 
design and detailing considerations 
are needed for such a system to func-
tion after a disaster, including coordi-
nation with the local utility, actively 
planning for what power generation 
is achievable and matching that to the 
more important electrical loads. These 
all may be of value to the homeown-
er. Sizing the system to supply criti-
cal loads will also help a homeowner 
respond to natural hazard events (for 
example, ice storms, hurricanes or 
floods), all of which can interrupt util-
ity power for extended periods. 

BaLancinG GReen BuiLdinG 
PRactices and incReased 
Resistance to natuRaL 
HazaRds 

The desire of a homeowner, build-
er or designer to achieve improved 
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environmental performance creates a 
preference for building practices rec-
ognized by green rating systems. In 
some cases, this may create the need to 
decide between practices that increase 
efficiency and garner green rating sys-
tem points or use of practices that in-
crease resistance to natural hazards 
without garnering green rating system 
points. 

Consider, for example, the use of ad-
vanced framing options that earn points 
for resource efficiency versus fram-
ing options that increase resistance to 
wind hazards. Use of the green building 
practice that will garner points toward a 
higher green-performance-level rating 
often will be preferred. However, bene-
fits associated with increased resistance 
to natural hazards may not be fully un-
derstood because they are often difficult 
to quantify and specific guidance con-
cerning their consideration is not pre-
sented by today’s green rating systems.

QuantifyinG Benefits of 
natuRaL HazaRd Resistance in 
tHe GReen RatinG systeMs: tHe 
cHaLLenGe foR desiGneRs 

As noted earlier in this article, by 
implementing LCA concepts, design-
ers can demonstrate avoided damages 
and show measurable environmental 
benefits for a stronger home. Conduct-
ing such an analysis requires designer 
involvement, considerable information 
about the materials of construction and 
specialized calculation tools. 

FEMA P-798 provides one example 
of how such an analysis can be used 
to identify avoided environmental 

impacts associated with two failure sce-
narios: the partial failure of a house (for 
example, the loss of a roof) and com-
plete structural failure (for example, 
the loss of the entire home). Both are 
determined and compared to the envi-
ronmental costs of improving the initial 
construction to avoid such losses. 

For the example building, the analy-
sis shows that the environmental ben-
efits associated with avoiding either 
failure scenario far outweigh the negli-
gible environmental cost of actions tak-
en to strengthen the building. Although 
avoided environmental impact analysis 
is not specifically defined in green rat-
ing systems, it is one tool that can be 
used to show that the relative environ-
mental benefits associated with avoid-
ing premature failure can far outweigh 
the environmental cost of actions taken 
to strengthen the building to avoid such 
failures. 

concLusion
Some green practices for residential 

construction provide improved envi-
ronmental performance without any 
effect on structural performance. By 
comparison, others may require a re-
evaluation of the entire design in order 
to retain the home’s integrity and build-
ing functions in natural hazard events. 
As home designers, builders and code 
officials make decisions about how to 
implement new green building prac-
tices in compliance with requirements 
of applicable building codes, they must 
consider how the new practices affect 
resistance to natural hazards. 

This message is particularly useful 
in residential construction that relies 
heavily on prescriptive design and con-
struction requirements that may not 
specifically address the most current 
building practices.

Building practices that provide in-
creased resistance to natural hazards 
can have significant and measurable 
green benefits without being recog-
nized as a green building practice and 
without accruing points in common 
green rating systems. While life-cycle 
analysis provides opportunities to 
demonstrate the green benefits of haz-
ard-resistant buildings, the complexity 
associated with demonstrating benefits 

is a potential barrier to its use for this 
purpose. n 

The information presented in this 
article is largely derived from FEMA 
P-798, Sustainability and Natural Haz-
ard Resistance for Residential Construc-
tion, which provides a more detailed 
explanation of green rating systems in 
the broader context of sustainability. 
Visit www.fema.gov/library/viewRecord.
do?fromSearch=fromsearch&id=4347  
to download or order FEMA P-798.
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