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Fig. 1. Nearly 80 years after it was first constructed, the Hope Memorial (Lorain-Carnegie) Bridge is “com-
plete.” In 2013, a protected bikeway opened, making the street safer, more family friendly and conveniently 
accessible for pedestrians and bicyclists who would prefer not to ride in the street to cross the Cuyahoga 
River valley. The $4.5 million investment is consistent with the Cleveland’s Complete and Green Streets 

law, which requires sustainable transportation options be incorporated into new road projects.

(Part I of a two-part series)
The nation’s economy and quality of life require highway and roadway 

systems that provide a safe, reliable, efficient, and comfortable driving ex-
perience. The fact that these structures are relied upon en masse is what 
renders communities vulnerable when these infrastructures fail from 
climatic or manmade events.1-5 Across the U.S. and worldwide, the state 
of transportation infrastructure has reached a critical stage. Aging roads, 
bridges and other assets, many first built in the 1950s, are currently sup-
porting the demands of increases in use, far beyond the originally engi-
neered capacity and well beyond the intended service life expectations.6-7 
With this increased capacity and usage in conjunction with increased 
climate change instabilities (natural or man-made) comes accelerated 
deterioration of roadways and bridges1-5

Highway bridges comprise a critical link in infrastructure, numbering 
607,751 for the entire US network. Maintenance to meet modern require-
ments of strength and serviceability is a necessity. In the 2013 National 
Bridge Inventory, 63,522 bridges (10.5%) were categorized as structur-
ally deficient (requiring significant maintenance, rehabilitation or re-
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placement) and 84,348 (13.9%) 
were categorized as functionally 
obsolete (below current design 
standards, e.g. narrow lanes or 
low load capacity) indicating 
an imminent need for repair or 
replacement.8 Repairing existing 
bridges is extremely time con-
suming, often economically inef-
ficient and logistically disruptive, 
since it results in long traffic and 
commerce interruption.
Today, transportation agencies 

are challenged to plan, build, and 
operate “sustainable” transpor-
tation systems that – in addition 
to achieving the important goals 
of mobility and safety – support a 
variety of asset management, en-
vironmental stewardship, climate 
mitigation/adaptation, and resil-
ient infrastructure objectives. As 
stated by the American Associa-
tion of State Highway and Trans-
portation Officials (AASHTO), 
the sustainability of the trans-
portation system is critical, as 
transportation is responsible for 
10% of the global gross domestic 
product, 22% of global energy 
consumption, 25% of fossil fuel 
burning, and 30% of global air 
pollution and greenhouse gases.9

The Centre for Sustainable 
Transport in Canada identifies 
the following attributes of a sus-
tainable transportation system:
• Allows the basic access 

needs of individuals and 
societies to be met safely 
and in a manner consistent 
with human and ecosystem 
health, and with equity with-
in and between generations.

• Is affordable, operates 
efficiently, offers choices of 
transport mode, and sup-
ports a vibrant economy.

• Limits emissions and waste 
within the planet’s ability to 
absorb them, minimizes con-
sumption of nonrenewable 
resources, limits consump-
tion of renewable resources 
to the sustainable yield level, 
reuses and recycles its com-
ponents, and minimizes the 
use of land and the produc-
tion of noise.10

Alongside the transition to a 
more sustainable society, increas-
ing infrastructure’s functional 
resilience to climate change 
impacts is a high priority, to help 
protect the economy and its 
future growth. Functional resil-
ience is defined as a structure's 
capacity to provide viable oper-
ations through extended service 
life, adaptive re-use and the chal-
lenges of natural and man-made 
disasters.11

The US Department of Transpor-
tation Center for Climate Change 
and Environmental Forecasting 
strategic plan states that climate 
change will likely have significant 
impacts on transportation infra-
structure. Achievable reductions 
of climate change impacts on 
transportation infrastructure are 
attainable through:
• Fostering strategies to avoid, 

mitigate or adapt to the 
potential impacts of climate 
variability and change on the 
transportation system;

• Promotion of cost-effective 
strategies that reduce green-
house gas emissions while 
supporting transportation 
safety, mobility, efficiency, 
and energy security; and

• Establishment of a leader-
ship role on transportation 
and climate change issues by 

involving the transportation 
community and coordinating 
related USDOT programs and 
policies.12

The case for adapting infra-
structure to climate change 
compelling. Bridge and highway 
infrastructure are an increas-
ingly interconnected network of 
high-value assets with long oper-
ational lifetimes. The challenge 
and commitment to build climate 
resilient infrastructure with 
more secure, energy efficient and 
environmentally sustainable ma-
terials and practices is not a sep-
arate or mutually exclusive task, 
but interconnected to ensure best 
value from this investment.13,14

Designing for Sustainability 
and Resilience
Sustainable and resilient bridge 

design requires an integrated, 
long-term holistic view of all 
phases of the project: planning, 
designing, constructing, main-
taining, operating, repair/reha-
bilitation, then final decommis-
sioning and disposal at the end of 
its service life. The responsibility 
of a sustainable design team does 
not lie solely with aesthetical im-
pact and functional performance, 
but also with key concerns such 
as integration of context-sensi-
tive solutions, awareness of soci-
etal and biodiversity impacts, life 
cycle costing, climate mitigation/
adaptation, and a minimizing the 
impact on the environment, soci-
ety and the economy throughout 
the bridge’s life (Table 1).
Bridge engineers have been 

practicing many sustainable 
concepts through the decades – 
rapid construction with pre-fab-
ricated components, integration 
of recycled or beneficial reuse 
materials, and extended service 
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Environmental Social Economic
Ecology & Biodiversity Community Interaction Life Cycle Costs

Landscape Community Liveability Project Management
Stormwater Impacts Human Health Impacts Financial Sustainability
Construction Waste 

Management
Historic & Cultural 

Preservation Economic Analysis

Material Use Scenic & Natural Qualities Safety Programs
Energy & Carbon Safety Land Use

Reduce, Recyle & Reuse Equity Operation & 
Management Systems

Reduced Energy & 
Emissions Stakeholder Involvement Bridge Management 

Systems
Noise Pollution Transportation Impacts Energy Efficiency

Resiliency Resiliency Resiliency
Table 1. Sustainable Impacts for Bridges15-19  

life through reliable and durable 
design.20 However, additional 
improvements in sustainable 
project delivery are achievable 
through integration of material 
and design selection based upon 
life cycle analysis measurements; 
implementation of life cycle 
costing analysis versus lowest 
cost economics; use of innovative 
materials and technologies; and 
collaborative platforms during 
project design and construction.
Ms. Buffenbarger is the current 

Chairman of ACI’s Sustainable 
Concrete Committee. For more in-
formation, she can be contacted at 
julie.buffenbarger@lafarge.com.
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Fig. 1. The envision™ rating system is designed to evaluate, grade and give recognition to infra-
structure projects that make progress and contributions to a more sustainable future.  

Photo: Caltrans.
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Envision Emerges: A new way to track bridge sustainability available for 
owners, project teams
Emily B. Lorenz, P.E., LEED AP BD+C

The following article is a reprint 
from Aspire Magazine, Spring 2013 
Edition.

Sustainability
Envision,™ a rating system for 

sustainable infrastructure and 
developed by the Institute for 
Sustainable Infrastucture (ISI), 
was first released for public 
comment in July 2011. ISI is a 
non-profit organization founded 
jointly by the American Coun-
cil of Engineering Companies 
(ACEC), the American Public 
Works Association (APWA), and 
the American Society of Civil En-
gineers (ASCE). Shortly after this 
first public-comment period, the 
Zofnass Program for Sustainable 
Infrastructure at Harvard Univer-
sity partnered with ISI to further 
develop the Envision rating sys-
tem. Project certification under 
the Envision rating system began 
in September 2012.
The intent of the Envision 

rating system is to standardize 
evaluation of the sustainability 

of infrastructure projects. It is 
applicable to projects in sectors 
such as energy, water, waste, 
transportation, landscaping, and 
information. In the transporta-
tion sector, project types that can 
use Envision include airports, 
roads, highways, railways, public 
transit facilities, and bridges.
Infrastructure is critical to a 

functioning society. It enables 
humans to have clean drinking 
water, travel between our homes 

and work, and ensures a reli-
able energy supply. However the 
earth’s resources are not infinite, 
and thus to maintain sustainable 
development, we must attempt to 
reduce negative environmental, 
economic, and social impacts in 
infrastructure design. The Inter-
governmental Panel on Climate 
Change defined sustainable de-
velopment as “development that 
meets the needs of the present 
without compromising the ability 
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of future generations to meet 
their own needs.”
Similar to other green or sus-

tainability rating systems, cred-
its are grouped in categories 
related to environmental, social, 
and economic impacts. A total 
of 60 credits are distributed 
across five categories, each of 
which is explored further in the 
following sections. Within each 
credit, point levels are set based 
on meeting different levels of 
achievement, and points are 
weighted within Envision based 
on the importance of the credit 
related to overall infrastructure 
sustainability. An assessor as-
signed to the project will deter-
mine the level of achievement 
that the project team has reached 
for each individual credit using a 
predetermined set of evaluation 
criteria. The level of achievement 
for the entire project is deter-
mined by the number of points 
achieved in the different credit 
categories.
Envision levels of achievement 

include:
• Improved
• Enhanced
• Superior
• Conserving
• Restorative
In the following sections, all 

credits and their intents are list-
ed. However due to space lim-
itation, only some of the credits 
to which concrete bridges can 
contribute are discussed in more 
detail.
Quality of Life (QL)
Strategies in this category re-

late to a project’s impact on the 
community. Broad credit catego-
ries include purpose, well being, 

and community. Table 1 lists 
the credits in this category and 
their intents. Two strategies in 
the Quality of Life category that 
relate to concrete bridges are 
explained in more detail in the 
following sections.
QL2.3 Minimize light pollution
The metric for this credit is 

that “lighting meets minimum 
standards for safety but does not 
spill over into areas beyond site 
boundaries, nor does it create 
obstrusive [sic] and disruptive 
glare.” Concrete bridges can 
contribute to this credit because 
light-colored concrete requires 
fewer lights for the same amount 
of visibility. This reflectability 
also reduces energy costs as-
sociated with outdoor lighting 
because more reflective surfaces 
reduce the amount of fixtures 
and lighting required. Concrete 

bridges can reduce outdoor 
lighting requirements and can 
contribute to lessening the asso-
ciated light pollution.
QL2.4 Improve community mo-
bility and access
For this credit, the metric is 

“extent to which the project 
improves access and walkability, 
reductions in commute times, 
traverse times to existing fa-
cilities and transportation. Im-
proved user safety considering 
all modes, e.g., personal vehicle, 
commercial vehicle, transit and 
bike/ pedestrian.” There are 
synergies between reducing envi-
ronmental impacts and reducing 
construction-related user de-
lays. During initial construction, 
various concrete bridge types can 
minimize on-site construction 
activities, thereby lessening the 
amount of time that drivers are 

Table 1. Quality of Life Credits and Intents
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inconvenienced. Likewise, by 
choosing a concrete bridge that 
has greater durability and fewer 
maintenance requirements, user 
delays during the service life of 
the bridge can also be reduced. 
This in turn reduces energy con-
sumption of user vehicles and the 
resultant emissions to air.
Leadership (LD)
Strategies in this category relate 

to incentivizing more-credible 
management and leadership re-
lated to a project’s sustainability. 
Broad credit categories include 
collaboration, management, 
and planning. Table 2 lists the 
credits in this category and their 
intents. Most of the strategies in 
the Leadership category relate to 
the project team, thus aren’t as 
related to the structural system 
chosen for a bridge. There are 
bridges where stakeholder input 
(LD1.4) has guided the selection 
of the structural system. Howev-
er, no strategies in the Leadership 
category are explained in more 
detail in this article.
Resource Allocation (RA)
Strategies in this category relate 

to reducing a project’s embodied 
energy and use of virgin, non-re-
newable resources. Broad credit 
categories include materials, 
energy, and water. Table 3 lists 
the credits in this category and 
their intents. Four strategies in 
the Resource Allocation category 
that relate to concrete bridges 
are explained in more detail in 
the following sections.
RA1.3 Use recycled materials
To contribute to this credit, a 

“percentage of project materi-
als that are reused or recycled.” 
Concrete bridges can contribute 
to this credit by using industrial 

wastes such as fly ash, slag ce-
ment, and silica fume as part of 
the cementitious materials—with 
certain aesthetic (color) and 

early compressive strength con-
siderations. This strategy reduces 
the environmental impact of the 
concrete and also uses by-prod-

Table 2. Leadership Credits and Intents

Table 3. Resource Allocation Credits and Intents
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uct materials that may otherwise 
be disposed of in a landfill.
RA1.4 Use regional materials
The metric for this credit is that 

“percentage of project materials 
by type and weight or volume 
sourced within the required 
distance.” For concrete, the dis-
tance requirement is 100 miles. 
Using local materials reduces the 
environmental impact (energy 
and emissions) related to trans-
porting heavy building materials. 
Most concrete plants (ready-
mixed and precast) are close to 
project sites, and likewise the 
cement, aggregates, and reinforc-
ing steel used to make the con-
crete, and the raw materials to 
manufacture cement, are usually 
obtained or extracted from local 
sources.
RA1.5 Divert waste from  
landfills
For this credit, the metric is 

“percentage of total waste di-
verted from disposal.” Precast 
concrete girders can be reused 
when bridges are expanded, and 
concrete can be recycled as road 
base, fill, or aggregate in new 
concrete at the end of its useful 
life. Concrete pieces from demol-
ished structures can be reused to 
protect shorelines. Most concrete 
from demolition in urban areas is 
recycled and not placed in land-
fills. Also important is that con-
crete generates a small amount of 
waste with a low toxicity.
RA1.7 Provide for  
deconstruction and recycling
To contribute to this credit, the 

project must use a “percentage 
of components that can be easi-
ly separated for disassembly or 
deconstruction.” Precast concrete 
bridge girders can be reused for 

pedestrian crossings or other ap-
plications. To reuse components 
effectively, engineers need to be 
able to determine the residual 
service life of the components. 
Precast concrete construction 
provides the opportunity to 
disassemble the bridge should 
its use or function change, and 
the components can be reused 
in a different application. These 
characteristics of precast con-
crete make it sustainable in two 
ways: by diverting solid waste 
from landfills and by reducing 
the depletion of natural resourc-
es and production of air and 
water pollution caused by new 
construction.
Other ways that the concept of 

reuse is facilitated with concrete 
components are:

• Concrete pieces from de-
molished structures can be 
reused to protect shorelines 
and create fisheries.

• Wood forms can generally be 
used 25 to 30 times without 
major maintenance while 
fiberglass and steel forms 
have significantly longer 
service lives.

Natural World (NW)
Strategies in this category relate 

to a project’s impact on biodi-
versity. Broad credit categories 
include purpose, well being, 
and community. Table 4 lists the 
credits in this category and their 
intents. Most of the strategies 
in the Natural World category 
relate to the where the project is 
located, thus aren’t as related to 
the structural system chosen for 

Table 4. Natural World Credits and Intents
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a bridge. The use of longer spans, 
segmental construction, or top 
down construction can be used 
to minimize the impact at ground 
level, however, no strategies in 
the Natural World category are 
explained in more detail in this 
article.
Climate and Risk (CR)
Strategies in this category relate 

to minimizing emissions and 
ensuring a project is resilient. 
Broad credit categories include 
emissions and resilience. Table 5 
lists the credits in this category 
and their intents. Four strategies 
in the Climate and Risk category 
that relate to concrete bridges 
are explained in more detail in 
the following sections.
Resilience
Credits CR2.1, CR2.3, and CR2.4 

relate to the ability of a structure 
to withstand, and continue to 
function to some degree, after 
a natural or man-made disas-
ter. The metric for each of these 
credits is:
• CR2.1 Assess climate threat: 

prepare a plan that is a 
“summary of steps taken to 
prepare for climate variation 
and natural hazards.”

• CR2.3 Prepar e for long-term 
adaptability: “the degree to 
which the project has been 
designed for long-term resil-
ience and adaptation.”

• CR2.4 Prepare for short-term 
hazards: “steps taken to im-
prove protection measures 
beyond existing regulations.”

Concrete bridges can contribute 
to these three credits because 
concrete structures are resistant 
to tornados, hurricanes, wind, 
floods, and earthquakes. Con-
crete can be economically de-
signed to resist tornadoes, hurri-

canes, and wind.
In general, concrete is not 

damaged by water; concrete that 
does not dry out continues to 
gain strength in the presence of 
moisture. Concrete submerged 
in water only absorbs very small 
amounts of water even over long 
periods of time, and typically 
this water does not damage the 
concrete.
Concrete structures can be 

designed to be resistant to earth-
quakes. Appropriately designed 
concrete systems have a proven 
capacity to withstand major 
earthquakes.
CR2.5 Manage heat islands 
effects
The metric for this credit is 

“[maximize] surfaces with a high 
solar reflectance index (SRI) to 
reduce localized heat accumula-
tion and manage microclimates.” 
Concrete without added pigment 
can meet the high SRI value (29) 
required in this credit. Concrete 
bridges provide reflective surfac-
es that minimize the urban heat 
island effect and contribute to 
this credit. Urban heat islands are 
primarily attributed to horizontal 
surfaces, such as roads, decks, 
and walkways, which absorb 

solar radiation. Two methods 
of mitigating heat islands are 
providing shade and increasing 
albedo. Using materials with 
higher albedos (solar reflectance 
values), such as concrete, will 
reduce the heat island effect, save 
energy, and improve air quality.
Application
Project teams use the assess-

ment tools provided by the 
Envision system to evaluate the 
community, environmental, and 
economic benefits of projects. 
Currently two tools are available, 
with two new tools projected for 
release after 2012. The available 
tools include:
Stage 1—Self-assessment check-

list: this tool can be used for 
educational purposes or to track 
project progress related to sus-
tainability.
Stage 2—Third-party, objective 

rating verification: in this scenar-
io, the project team’s assessment 
is validated by an independent, 
third-party verifier. This allows 
for public recognition of the 
project. Using this tool, projects 
can earn points in 60 potential 
credits within the five credit 
categories.

Table 5. Climate and Risk Credits and Intents
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Evaluating Sustainability with INVEST
Alexandra Oster, FHWA

For the Federal Highway Admin-
istration (FHWA), a sustainable 
approach to highways means 
helping decision makers make 
balanced choices among envi-
ronmental, economic, and social 
values—the triple bottom line of 
sustainability—that will benefit 
current and future road users. 
Launched by FHWA in 2012, 
INVEST is a practical, web-based 
collection of best practices to 
help transportation agencies 
integrate sustainability into their 
programs and projects. Agen-
cies, such as State Departments 
of Transportation, Metropolitan 
Planning Organizations, Councils 
of Government, public works 
departments, and their consul-
tants and partners, can volun-
tarily use INVEST to evaluate the 
sustainability of their programs 
and projects. The tool is intended 
to identify and recognize efforts 
that go above and beyond stan-
dard practice toward the goal of 
sustainability. This article focuses 
on how the scoring system works 
and how INVEST is being used 
to achieve sustainable outcomes 
that go above and beyond statu-
tory requirements.
How is INVEST structured?
INVEST allows users to evaluate 

the transportation life cycle using 
the system’s three modules: Sys-
tem Planning, Project Develop-
ment, and Operations and Main-
tenance. Each module is based on 
a specific set of criteria and can 
be used separately. System Plan-
ning evaluates the sustainability 
of system-level planning and 
programming policies, processes, 
procedures and practices. Project 

Development incorporates sus-
tainability into project planning, 
from design to construction. And 
Operations and Maintenance 
focuses on integrating sustain-
ability into system-level opera-
tions and maintenance activities. 
Within each of the modules, the 
decision of when to evaluate a 
program or project is up to the 
user. Typically, the earlier in the 
development of a program or 
project a self-evaluation is per-
formed, the more ability the user 
has to positively influence sus-
tainability.
How does scoring work?
After users select a module they 

begin scoring a project or pro-
gram based on the criteria in that 
module. Each INVEST criterion 
describes a particular sustain-
ability best practice and assigns 
it a point value according to its 
relative impact on transportation 
sustainability. The points associ-
ated with each criterion are then 

added together to give a total 
score.
How does INVEST address 
bridge projects and long-term 
bridge management and pres-
ervation?
INVEST provides several crite-

ria that can help transportation 
professionals integrate sustain-
ability into bridge planning, 
development, and management. 
For example, as part of the Proj-
ect Development Module, numer-
ous criteria could apply to the 
development and construction of 
a bridge project. Certain criteria 
focus on reducing the life-cycle 
costs of both roadway and bridge 
projects through reducing, re-
using, and recycling materials 
and designing long-lasting pave-
ment structures. Other relevant 
criteria address the impacts of 
construction activities to the 
surrounding neighborhoods and 
environments, such as Construc-
tion Environmental Training and 

Fig. 1. INVEST can help transportation professionals better integrate sustainability into bridge plan-
ning, development, and management (Photo courtesy of FHWA).
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Construction Noise Mitigation.
Transportation agency staff 

may also be interested in using 
the Bridge Management System 
criterion included in the Opera-
tions and Maintenance Module to 
assess and achieve sustainabil-
ity for their bridge networks. A 
sustainable bridge management 
system will extend the life and 
function of bridges while bal-
ancing impacts to the human 
and natural environment. This 
criterion focuses on developing 
a Bridge Management System, 
collecting and leveraging relevant 
data, tracking bridge network 
performance, setting bridge 
system performance goals, and 
monitoring progress toward 
those goals.
Users may find other criteria 

useful for bridge planning, devel-
opment, and management and 
should explore the tool to learn 
more.
INVEST across America
There are more than 50 proj-

ects in 25 States using INVEST. 
These projects are spread across 
29 agencies at the Federal, State, 
and local levels. If your agency is 
using INVEST and would like to 
be included in this tally please 
contact sustainablehighways@
dot.gov.
FHWA’s Sustainable Highways 

Initiative in the Office of Plan-
ning, Environment, and Realty 
encourages everyone interested 
in sustainable transportation—
from the public to transportation 
professionals—to take advantage 
of the INVEST tool.
*Because INVEST is not based 

on third-party validation of 
scores or certifications, scores 
are not considered recognition 

by FHWA that a program has met 
the achievement level of sustain-
ability. Rather, it is recognition 
that the user has self-evaluated 
their program and met the indi-
cated achievement level.


