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ABSTRACT 

Miles of drainage pipe and culverts are installed across the country every day. As buried infrastructure 

systems expand, sustainability becomes an increasingly important consideration. Reinforced concrete 

pipe (RCP) has been used in the US since the mid-1800s, establishing itself as the most reliable product 

for critical drainage systems. This report summarizes the outstanding features of RCP as the ideal ma-

terial and product choice for sustainable buried infrastructure. 
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INTRODUCTION TO SUSTAINABILITY 

Sustainability can be defined as: the ability to ex-

ist continuously. A commonly used definition of 

sustainability is: meeting our own needs without 

compromising the ability of future generations 

to meet needs of their own1. Sustainability poses 

an important question: If current practices are 

carried out without change for decades, centu-

ries, or millennia from now, will societal systems 

remain functional without eventually falling 

apart? Put as a statement: If a system is sustain-

able, it will theoretically remain operational 

without negative effects to its own functionality 

- or the systems around it - throughout the test 

of time. While many people primarily associate 

sustainability with environmental considera-

tions, the core concept of sustainability encom-

passes much more than that.  

Sustainability in practice is comparable to a 

long-term analysis that evaluates current sys-

tems with the end goal of building a society that 

will remain functional for centuries and beyond. 

As such, sustainability is an especially important 

notion when it comes to infrastructure. Every 

transportation, housing, power, water, waste, 

and drainage system must be constructed with 

 

1 (IISD, 2020) 

all three pillars of sustainability as a priority. Do-

ing so will ensure a prosperous, healthy, and safe 

future. Decision-makers, specifiers, and infra-

structure designers must be acutely aware of 

the role that sustainability plays in shaping the 

quality of life for future generations. Infrastruc-

ture systems must be designed to provide de-

pendable functionality to communities while 

accommodating environmental implications 

and ensuring the construction and mainte-

nance of infrastructure in an economically viable 

manner. 

Portland cement concrete is the worlds most 

used building material. Currently the world pro-

duces 10 billion tons of concrete annually2. More 

than all other building materials combined. This 

usage comes at a tremendous cost in terms of 

its traditional economics and its carbon foot-

print: roughly 7% of world CO2 emissions. Con-

struction will be the primary method by which 

the worlds engineers meet the challenges of a 

growing world. Concrete is and will remain one 

of the most feasible, resilient, and sustainable 

material available. This foundational material 

has gone hand in hand with civilization for cen-

turies and will continue to do so.  

Concrete pipe will be especially important in the 

creation of the future worlds infrastructure be-

cause critical infrastructure becomes especially 

critical during disaster. One apparent reality de-

signers face is that global climate change has 

upset historical data and 100-year norms. Tradi-

tional design assumptions for flooding and fire 

2 (Meyer, 2003) 

Sustainability includes social, 

environmental, and economic 

(SEE) systems. These are the 

three pillars of sustainability that 

are commonly referred to as the 

“triple bottom line.” 
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frequency and intensity must change to meet 

realities of the changing world. This should not 

be thought of as overdesign. 

SUSTAINABILITY AND DRAINAGE 
INFRASTRUCTURE 

An essential part of almost any infrastructure 

system is proper drainage. Roads, buildings, 

power plants, and airports all depend on proper 

drainage to remain functional. Proper drainage 

is achieved through the installation of culverts 

and storm sewer systems. It can be speculated 

that thousands of miles of pipe are installed an-

nually to address roadway and site drainage. 

Many state DOTs install well over 100,000 feet of 

culverts and storm sewer pipes every year 3 . 

Storm drainage systems for private develop-

ments, city roads, parking lots, airports, and 

 

3 (MNDOT, 2020) 

agriculture likely demand an even more signifi-

cant quantity of pipe. 

The design of adequate drainage systems is a 

critical consideration in developing sustainable 

communities. Different drainage materials, 

however, have varying attributes that can posi-

tively or negatively affect the system’s sustaina-

bility. Reinforced concrete pipe is one of the 

most widely used and trusted pipe materials 

available for storm water and culvert drainage 

because it has a proven service life of over 100 

years. This report considers precast reinforced 

concrete pipe and the specific features that 

make it a sustainable drainage product. In addi-

tion, the report considers resilience an essential 

companion notion to the three pillars of sustain-

ability. 
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THE ROLE OF RESILIENCE 

A key consideration for developing sustainable 

infrastructure is the role of resiliency. The term 

“resilience” can be defined as the ability of a de-

fined system to resist, limit impacts of changing 

conditions, withstand and recover rapidly to a 

functional level after a disruptive event. If sus-

tainability is limiting the impact a system has on 

the surrounding environment, then resilience is 

limiting the impact the surrounding environ-

ment has on a system. Because of the present 

threats that our infrastructure systems face, sus-

tainability should always be coupled with the 

notion of resilience. Infrastructure that is sus-

tainable and not resilient will inevitably fail be-

cause it cannot adequately resist disturbances 

and will require frequent repairs or replacement. 

Thus, resilience is a necessary supporting ele-

ment of sustainability.  

Resilience is an especially important considera-

tion for infrastructure systems since, by defini-

tion, infrastructure is the core of how an entire 

society functions safely and efficiently. Making 

resilience a priority when designing infrastruc-

ture will ensure that the systems we depend on 

every day – such as buildings, transportation, 

water supply, drainage, or some other function – 

will stand strong in the midst of adverse events. 

Not only does resilience reduce inconvenience, 

health, and safety concerns associated with loss 

of critical infrastructure functions, but resilience 

is also a significant long-term, cost-saving 

mechanism. According to a report published by 

the New World Bank and the Global Facility for 

Disaster Reduction and Recovery, $1 invested in 

 

4 (Hallegate, Rentschler, & Rozenberg, 2019) 

more resilient infrastructure would result in a $4 

long-term benefit over the infrastructure’s ex-

pected life4. Infrastructure systems that do not 

consider resilience in design will become costly 

assets in the long term. 

The following graphic depicts an infrastructure 

system responding to an unspecified adverse 

event that could be a tropical storm, wildfire, tor-

nado, vehicle crash, or other type of disaster. Re-

silience determines the level of impact to the 

functionality of the system. A resilient system 

will limit the impacts of the adverse event, re-

spond quickly to initiate recovery, and poten-

tially withstand negative effects to system func-

tions altogether. A system that is not resilient – 

even if it is measurably sustainable – will be 



   
 

7 CPWPGN002-2 

significantly affected by adverse events. The 

time to respond to those events will be longer 

and slower, and systems that are still undergo-

ing repair are more vulnerable to the next catas-

trophe.  

The extensive repairs required to 

restore the system add additional costs 

to the system managers, negative 

impacts to the environment, and 

increased delays to users. 

 

RISK 

Incorporating resilience would be greatly simpli-

fied if money were no object. Since that is not 

the case, communities and agencies must be 

strategic in where they choose to invest in resili-

ent infrastructure. The Argonne National Labor-

atory of Sciences developed a Resilience Meas-

urement Index (RMI) for critical infrastructure 

systems. Establishing the index starts with eval-

uating a system’s risk. The RMI report outlines 

that risk is at the intersection where threats, vul-

nerabilities and consequences are all present as 

shown in the Venn diagram. This diagram illus-

trates the most critical areas to implement resil-

ience are those where there are impending 

threats, apparent vulnerabilities, and real conse-

quences. 

 

 

 

 

THREATS 

The Department of Homeland Security (DHS) 

defines a threat as a “natural or man-made oc-

currence, individual, entity, or action that has or 

indicates the potential to harm life, information, 
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operations, the environment, and/or property”5. 

Knowing the threats affecting the performance 

of our infrastructure helps us define options to 

improve its performance and extend its service 

life. 

Natural Threats 

The most common natural threats observed by 

the National Oceanic and Atmospheric Admin-

istration (NOAA)6 are: 

• Drought 

• Flooding 

• Freeze 

• Severe Storm  

• Tropical Cyclone  

• Wildfire  

• Winter storm 

These threats are more prevalent than ever. 

Based on NOAA data, weather events in the 

United States with associated costs of more 

than a billion dollars that occurred from 1980 

through 2020 are shown on the following table. 

 

5 (Department of Homeland Security, 2010) 
6 (National Centers For Environmental Information, 2020) 
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To the right is a graph of the infor-

mation presented in the previous 

tables showing an increased fre-

quency and cost of repairs from 

natural disasters over a 40-year 

period. The presence and cost of 

repairs from flooding and wildfires 

is notably consistent every year, 

with a couple of exceptions. Cali-

fornia wildfires and several hurri-

canes are on the list with the cost-

liest disasters. The billion-dollar 

disaster costs from 2010-2019 are 

nearly twice that of the 2000-2009 decade. This 

has resulted in sudden increases in federal funds 

being allocated for replacements. Much of the 

replacements can be attributed to rapid urbani-

zation and use of non-resilient materials ex-

posed to extreme weather events. 

These trends are worrisome, since 

the billion-dollar disaster events are 

becoming an increasingly higher 

proportion of the cumulative dam-

age from the full distribution of all 

weather-related events. From 1980-

2000, 75% of all disaster-related 

costs were billion-dollar events. 

From 1980-2010, this figure grew to 80% of the 

full distribution of costs. From 1980-2019, 85% of 

all climate and weather-related costs in US ($1.75 

trillion of $2.05 trillion) were incurred by billion-

dollar disasters.  

Based on NOAA data, the United States has sus-

tained 279 weather and climate disasters since 

1980. The total cost of these 279 events exceeds 

$1.825 trillion. The total cost over the last 5 years 

(2016-2020) exceeds $550 billion — averaging 

more than $110 billion/year — a new record. 

The following graph shows the frequency of ex-

treme climate events in the United States be-

tween 1980-2020. It should be noted there is a 

rapidly increasing trend in the frequency of 

these events. 

Storm sewers and culverts exposed to natural 

disasters, are depended upon to provide critical 

functions during disasters, helping to prevent 

damage to other infrastructure systems. Flood-

ing is the most common example of this; how-

ever, earthquakes, wildfires, tornadoes, and hur-

ricanes are other natural disasters that can 

cause damage to these systems. These natural 

disasters can affect drainage systems in multi-

ple ways, such as shifting ground, contamina-

tion, rapid soil erosion, or exposing the pipe to 

flame. 
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With the growing awareness and knowledge of 

resiliency and sustainability in the last several 

years, it is important to adjust our standards and 

codes to ensure an infrastructure that will not 

only reduce maintenance and repair costs but 

also provide for extended service life. 

Unnatural Threats  

Infrastructure experiences unnatural, non-

weather-related threats as well. These threats 

are typically not as severe as natural threats, but 

they still incur risks to users and the structure’s 

service life. With increasing population and ur-

banization in the United States, these threats 

will likely be encountered more frequently. With 

regards to buried drainage systems, these 

threats can be separated into the following cat-

egories:  

Litter/Debris 

Litter and other debris can clog drainage sys-

tems and cause minor or even major flooding in 

streets. Many states require the design of pipe 

inlets to protect drainage pipelines from litter or 

debris. These situations can not only clog up in-

lets and culverts, but at high flow velocities they 

can also cause permanent damage to culvert 

materials that are not impact-resistant.  

 

7 (J. Neil Daniell, 2009) 
8 (USDOT Pipeline and Hazardous Materials Safety Administration, 2020) 

Hazardous Vehicle Accidents 

Vehicle accidents involving chemical spills will 

often drain into the same system designed to 

carry stormwater and can cause water and soil 

contamination. Hazardous material spills that   

result from a traffic accident are either spills of 

vehicular fluids, hazardous material cargoes, or a 

combination of both7. 

In many documented cases, these chemicals ig-

nite and burn throughout the buried infrastruc-

ture system. Based on the U.S. Department of 

Transportation Pipeline and Hazardous Materi-

als Safety Administration Office of Hazardous 

Material Safety the incident number and cost for 

flammable/combustible liquid spills on U.S. 

highways can be seen in the following graphs 

from 2015 until 20208. In 2019, the number of in-

cidents topped 10,000, or roughly 200 per state 

on average. The decrease in the number of inci-

dents during 2020 is likely due to highway traffic 

reduction resulting from COVID-19 precaution-

ary measures. The number of incidents is not lin-

early related to the cost of the damage caused 

by these incidents; however, there is still a signif-

icant impact on the communities and econo-

mies in which these events occur. As shown in 

the graph, the total cost to the public of these 
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events generally falls between 20 and 80 million 

dollars each year. Besides monetary costs, com-

mon societal damage caused by hazardous ma-

terial incidents might include extensive prop-

erty damage, economic and personal disruption 

from immobilized traffic, and/or the potential 

evacuation of homes and businesses. 

Human-Sourced 

Drainage infrastructure is also susceptible to 

damage from human-caused incidents. An ex-

ample of this type of threat is the fire on I-85 in-

terstate in Atlanta, where a state-owned storage 

area under the highway bridge containing high-

density polyethylene and fiberglass tubing 

caught fire9. The burnt materials not only had to 

be replaced, but also caused structural damages 

to the bridge above. 

While these materials were merely being stored, 

another threat to consider is tampering and 

vandalism in areas where individuals may have 

access to installed culverts and/or storm sewer 

 

9 (Wikipedia, 2020) 

inlets and outfalls. In dry-weather conditions, 

larger pipelines are sometimes accessed by tres-

passers who may either directly vandalize the 

pipeline or naively expose the pipeline to flames. 

There are documented cases where this has oc-

curred with small campfires or even cigarette 

butts being thrown into a catch basin with dried 

leaves in the bottom. 

Furthermore, ditch fires and leaf burnings are 

common practices in many areas. Culvert end 

sections may be readily exposed to flames dur-

ing these types of events. It is important to rec-

ognize there are many situations where culvert 

pipes may be exposed to ignition sources above 

and beyond just wildfires. 

VULNERABILITIES 

Another necessary step toward understanding 

risk is highlighting areas where a specific system 

is realistically vulnerable. These vulnerabilities 

can be cross-checked with the impending 

threats to help realize where actual risks exist. 

For assessing risks to drainage pipe systems, 

some of the main concerns are outlined in the 

sections below. 

Washout 

A washout occurs when large amounts of water 

reach a culvert and are restricted by the size of 
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the culvert entrance resulting in the flow erod-

ing the soil adjacent to the pipe. Washout is ini-

tially a soil vulnerability. However, for many flex-

ible pipe materials it can quickly become a pipe 

vulnerability (and road subsidence issue) be-

cause of flexible pipe’s heavy reliance upon soil 

support. Cities and counties must then notify 

their residents of the roads that are not function-

ing as a result of culvert washouts from recent 

storms10. Washouts of the soil around a culvert 

can occur with any pipe material; however, with 

lighter pipe materials, the pipe commonly 

washes away with the soil, requiring a full re-

placement of the entire pipe/soil structure. With 

concrete culverts, the soil may need to be re-

placed, but the pipe remains. In these situations, 

the embankment can sometimes be repaired 

without requiring the pipe to be re-laid.  

Flotation 

Concrete and steel are heavier than water, and 

thus do not float; plastic is lighter than water and 

will. However, an empty pipe made of any mate-

rial may be sufficiently light to float with respect 

to the displaced volume it occupies versus its 

weight when empty. Two major deterrents to 

flotation of an empty pipe are the weight of the 

pipe itself and the weight of soil above it. Obvi-

ously, the lighter the initial pipe weight, the 

more likely it is to float out of the ground. Con-

crete pipe, being one of the heavier pipe materi-

als, requires the least amount of cover to avoid 

flotation. For incidences where the soil is totally 

saturated, such as in a flood, concrete pipes with 

diameters less than 60 inches require 1 foot of 

soil -- or sometimes less -- cover to resist 

 

10 (Werely, 2019) 

flotation. For plastic pipes, the amount of cover 

needed to avoid flotation in a flood condition is 

roughly the same height of cover as the diame-

ter of the pipe (ex: a 48-inch pipe would require 

4 feet of soil cover). Corrugated Metal Pipe 

(CMP) requirements are somewhere in between 

those for concrete and plastic pipes, although 

CMP pipe weights are still relatively low com-

pared to concrete pipes. 

Flooding is becoming a more common occur-

rence with the increase in occurrences of hurri-

canes in the coastal areas and derechos in in-

land areas. The vulnerability of pipe flotation 

should be assessed early in the planning and de-

sign stages of a project. By nature, buried pipes 

are found in environments with high amounts of 

water. Elevated water tables may exist when the 

culvert entranceway is clogged, an inlet-con-

trolled culvert restricts the amount of water en-

tering the pipe, or some other physical or hy-

draulic barrier prevents high flows from enter-

ing the pipeline. These situations, along with the 

depth of cover over the pipe, should be consid-

ered. The type of pavement above the pipe is 

also an important consideration. Pipes are more 

likely to float up through flexible asphalt pave-

ments and damage the roadway than with con-

crete pavements. 

Flammability/Heat 

Some pipe materials can be severely affected by 

the presence of heat and fire. Plastic is a petro-

leum-based, flammable material. The physical 

properties of the plastic are also very sensitive to 

temperature changes. What’s more, much of 

the coatings used on pipes are flammable, 
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particularly plastic or asphalt coatings used on 

metal pipes to improve durability. Steel melts at 

approximately 2500 degrees F, but if bituminous 

coatings are used on the pipe, they will burn at 

roughly 500 degrees F. HDPE has an ignition 

temperature of approximately 650 degrees F. 

For reference, the temperature of burning wood 

can range from 840 to 900 degrees F, and tem-

peratures in grass fires have been recorded even 

higher than this11. It is easy to see how a coated 

steel or HDPE pipe might burn if it is in the vicin-

ity of a fire12. Of course, there have been numer-

ous fires at plastic manufacturing plants that 

further verify the propensity of plastics to  

burn13 14 15.  

While the mental image of pipe burning may be 

one of tragedy, the actual disaster can happen 

much earlier and at much lower temperatures. 

Even if the pipe does not burn, excessive heat 

can cause it to melt resulting in a culvert unable 

to sustain its design function 16 . Polyethylene 

melts at a temperature of 270 degrees F17. After 

the wildfire in the town of Paradise, California, 

Public Works staff deployed street crew mem-

bers to begin scouring the town for potential 

melted pipes18. The wrong drainage pipe mate-

rial will leave a municipality vulnerable to inade-

quate vehicle access for its citizens and emer-

gency personnel, should the pipe melt 

 

11 (Bailey & Anderson, 2001) 
12 (StartWoodworkingNow, 2020) 
13 (Li, 2020) 
14 (Mantey, 2020) 
15 (Michelone, 2019) 
16 (City of Santa Rosa, 2017) 
17 (Rogers, 2015) 
18 (Russell, 2019) 

underneath the road, and perhaps even further 

fire damage if the material catches on fire.  

Concrete itself does not melt, but its individual 

constituents have slightly different melting 

temperatures. The primary paste, cement has a 

melting point of approximately 2,000 degrees F. 

The aggregates in the concrete are the largest 

portion of its volume (65 to 75%). They are ther-

mally stable up to temperatures of 575 degrees 

F. Fortunately, the thickness of the concrete 

pipe wall and its low heat transfer mean that it 

must be submitted to high temperatures for 

long periods of time before it is damaged.  

Compromised Installation 

Addressing vulnerabilities means identifying ar-

eas where the installed pipe may be susceptible 

to planned or unplanned issues. The initial risk 

involved with an installed culvert is simply get-

ting it sufficiently installed to perform its every-

day structural and hydraulic duties. Buried pipe 

involves soil-structure interaction, which means 

both the pipe and the soil surrounding it are re-

sponsible for the culvert’s structural perfor-

mance. It was discussed previously that occur-

rences such as floods can reduce the surround-

ing soil support and put the pipe it encompasses 

in danger of failure. However, getting the appro-

priate soil properties and placement initially for 

the installation is not without its own risks. 
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There are national standards that must be fol-

lowed when installing pipe to ensure its perfor-

mance as a buried structure. These standards 

have been written to safeguard a quality instal-

lation. Installation standards rely on the contrac-

tor taking time to read and understand them. 

The contractor must then insist that their per-

sonnel take time to perform the installation cor-

rectly. This is then followed by the assumption 

that the owner agency inspects the installation 

to verify its quality19. However, it is not just the 

weather patterns that have changed over the 

years, resulting in more risk to a buried pipe.  

In a competitive environment, pipe installation 

contracts go to the lowest bidder. In most public 

agencies, this is required by law. Since time is 

money, there are financial motives for the con-

tractor to place the embedment soil around a 

pipe less carefully and in the shortest amount of 

time permissible, thereby increasing the likeli-

hood of mistakes. Additionally, owner agencies 

oftentimes cannot afford the cost of having an 

inspector on site to inspect the installation. All of 

this leads to greater likelihood of a poor installa-

tion than in past decades. The pipes with the 

most reliance on soil support, then, result in the 

greatest risk of developing issues even before an 

extreme event occurs. It is well-known and ac-

cepted that flexible pipe products such as plas-

tic and metal primarily depend on the surround-

ing soil for structural support. On the other 

hand, rigid concrete pipe provides the majority 

of the structure to the soil-structure interaction 

system. Thus, inadequate installation practices 

resulting in poor soil support have less of an 

 

19 (AASHTO, 2017) 

effect on the newly installed soil structure of 

concrete pipe than for flexible pipe materials. 

CONSEQUENCES 

Identified vulnerabilities within infrastructure 

systems leave room for short- and long-term 

consequences if not dealt with prior to imple-

mentation. In some cases, vulnerabilities within 

a specific system may act like a line of dominos 

that engineers simply hope doesn’t start falling. 

The consequences of such shortcomings 

shouldn’t be understated. Without resilience 

within design, the potential resulting failures 

can prove devastating to the communities that 

engineers are sworn to serve. Countless docu-

mented cases illustrate these consequences. 

The following sections outline just a few scenar-

ios where vulnerabilities described previously re-

sult in real consequences for infrastructure sys-

tem managers as well as the public at large. 

Emergency Replacement Cost  

There are many strong arguments connecting 

pipeline failures to road failure. Roads rely on the 

strength of pipelines beneath them. A pipeline 

must allow for the flow of water and must also 

be capable of bearing structural loads. If a pipe-

line fails, the responsibility often falls on the en-

gineer, and the cost of such failures is applied 

both economically and societally as well. In the 

case of significant weather events that wash out 

pipelines susceptible to flotation, emergency re-

pairs are typically much more difficult and more 

costly to perform compared to normal construc-

tion practices. 



   
 

15 CPWPGN002-2 

In 2013 in Gogebic County, Michigan, a number 

of 100- and 500-year floods occurred. The result-

ing washout of multiple corrugated metal cul-

verts caused widespread road closures and 

countless hours in delayed travel20. Entire road-

ways had to be replaced. Consequently, the cost 

of emergency road repair delayed daily users, 

impacted the affairs of businesses, and placed a 

heavy burden on community finances. As a re-

sult of the flooding in Gogebic County, many of 

the culverts were replaced with reinforced con-

crete pipe.  

One notable event occurred when a corrugated 

metal culvert at Maki Creek was washed out and 

replaced by a 5- by 10-foot reinforced concrete 

box culvert. This culvert was designed to with-

stand a 100-year flood event. Not a year later, 

runoff from snowmelt sparked a 1,000-year flood 

event at a road crossing over the creek. The flood 

was so severe it caused the embankment to 

shift and some floatation of the roadway. The re-

sulting scene after the flood included a shifted 

roadway, built-up debris, and an intact concrete 

box culvert, which allowed for a speedy recovery 

and reconstruction process after an unprece-

dented flood. With the precast concrete culvert 

intact, this resilient infrastructure helped to mit-

igate unexpected costs of repairs by providing a 

faster repair time and a reduced workload. The 

Gogebic County floods demonstrate that rein-

forced concrete drainage systems allow for a 

timelier recovery compared to alternate drain-

age system materials.  

 

20 (UP Concrete Pipe Company, 2019) 
21 (New York Times, 2003) 
22 (American Concrete Pipe Association, 2003) 

Cost of Inconvenience 

In June 2003, a corrugated metal culvert failed 

under Interstate 70 near Vail, Colorado, due to 

excessive melting snow and heavy rain 21 . This 

caused a 20-foot-wide sink hole about 10 to 20 

feet deep that resulted in the closure of a 24-

mile section of I-70. Four lanes of traffic were 

forced to be detoured to a two-lane highway. 

Commuters faced a 54-mile detour that added 

two hours of driving time. Additionally, semi-

truck traffic was asked to bypass the area by go-

ing through Wyoming or New Mexico. The com-

munity that drives on I-70 and the interstate 

commerce traveling through Colorado were im-

pacted both in terms of more travel time and ad-

ditional fuel costs. Consequently, low-volume lo-

cal roads were required to carry a heavier traffic 

load. 

A more resilient culvert could have prevented 

these issues. The impact on local residents, busi-

nesses, and interstate commerce would likely 

have been significantly less. All travelers on I-70 

could have driven on I-70 without the need to 

detour. Work delays could have been avoided, 

families could have made it to their children’s 

events, and truck drivers could continue their 

normal routes. Resilient and sustainable infra-

structure must be specified and installed cor-

rectly the first time so the public has one less 

thing to consider before heading down the road. 

Indirect Damages 

An example of indirect damage from failed in-

frastructure is Shell Lake, Wisconsin, in 200222. 
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This area is the largest land-locked lake in the 

state with no outlet. Because of this, the city gov-

ernment opened a project for the creation of a 

pipeline from the lake to a river approximately 4 

miles away. This would allow the water surface 

of the lake to be lowered when needed. A corru-

gated high-density polyethylene (HDPE) pipe-

line was chosen for the project to be installed in 

November of that year. However, ongoing and 

consistent repairs over eight months following 

the installation ensured the original pipeline 

would never be used effectively. 

Reports from a local newspaper follow the 

months-long cycle of repairs, testing, and re-

pairs.  

Beginning in January of the following 

year, when the first major issues 

occurred, until June more time was 

spent repairing the pipeline than it being 

in use.  

The realization that a major solution was needed 

came too late for the lake’s water levels to be 

lowered prior to the ice melt that year. This re-

sulted in devastating effects to the local com-

munity. By mid-May, water levels had reached 

the floor elevation of at least 50 homes. The city 

commissioned inmates in an emergency re-

sponse to place more than 18,000 sandbags to 

hold back the rising water levels, but this action 

had little effect. Due to hurried and misinformed 

selection of pipeline material, the Shell Lake 

community suffered not only through the ex-

penses of placing, repairing, and modifying the 

pipe, but also devastating effects on their prop-

erties and families. One resident, whose home 

had to be demolished due to water damages, 

had this to say: “It truly seems absurd to me that 

while sewage and public water can be success-

fully moved in cities all over the country, it seems 

a near impossibility to move this lake water.” 

While disastrous events do occur, events like this 

ought not to be a concern of the public. When it 

comes to preserving the well-being of individu-

als and communities that engineers serve, a re-

liable drainage system must be specified and 

constructed. Otherwise, the community will 

bear the impact of a failure in ways that can’t be 

predicted. 

Lost Resources 

The examples provided carry with them a com-

mon effect: cost.  

Time, money, and materials are all 

expended when our infrastructure fails 

under the given vulnerabilities.  

Without the knowledge of when and where our 

infrastructure is susceptible to severe events 

such as fires or washouts, it becomes much 

harder to avoid the loss of these resources. 

When it comes to the resilience of our environ-

ment, economy, and society, infrastructure plays 

a direct role. When vulnerabilities aren’t consid-

ered, the negative consequences are likely to be 

significant. 

IMPLEMENTING RESILIENCE 

As system owners/engineers make infrastruc-

ture decisions, it is important they consider all 

the adverse events that can affect underground 

piping systems. In turn, they must work to con-

struct systems that persevere and recover 

quickly from stress. Proactively, they must 
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ensure there are evacuation routes and pre-

pared response teams for floods, fires, and fail-

ures. Furthermore, systems can be designed to 

prevent negative impacts from growing threats 

altogether. Future generations are counting on 

owners and engineers to look beyond the 

cheapest solution for today and instead build re-

siliency into our infrastructure for tomorrow.  

In 2013, the American Society of Civil Engineers 

(ASCE) gave America’s infrastructure a score of 

D+. Four years later in 2017 the Infrastructure Re-

port Card was once again a D+23 . This is even 

more alarming, considering the increasing fre-

quency and impact of natural disasters and is a 

clear indication we are not progressing toward 

improving our infrastructure. Leadership is 

needed from engineers to design resiliency into 

storm drainage systems by using material that 

is non-flammable, inherently structurally sound, 

and heavy enough to resist floating. Engineers 

must design infrastructure using a material that 

has a proven history of long-term (100-year+) 

performance. Buried infrastructure must be 

properly installed, including field monitoring of 

construction. Designing and constructing with 

these imperatives in mind will provide future 

generations the buried infrastructure they can 

count on. After all, the duty of civil engineers is 

to protect the public. Leadership in resiliency 

must be part of protecting the public. 

In summary, designers must consider the 

threats facing drainage culvers and pipelines in-

cluding wildfires, flooding and severe storms. 

Where threats could result in significant conse-

quences such as flooding or road/embankment 

 

23 (ASCE, 2020) 

failures, engineers can build resilience into a sys-

tem by reducing vulnerabilities. Concrete pipe 

addresses the greatest vulnerabilities found in 

drainage pipelines, providing owners and de-

signers with an inherently resilient product that 

is flame- and flotation- resistant.  

Moving on from resilience, the next several sec-

tions will address the three pillars of sustainabil-

ity and how different drainage pipe materials af-

fect the environmental, economic, and social pil-

lars. 
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ENVIRONMENTAL 
SUSTAINABILITY 

Perhaps the resource most commonly associ-

ated with sustainability is the environment.  

The central focus of environmental 

sustainability is limiting – or eliminating 

– the negative impacts that a system or 

product has on the natural world.  

This includes reducing immediate and long-

term impacts on air quality, water quality, eco-

systems, climate, and land use. It is important for 

designers and project owners to understand the 

differences between available pipe materials 

(typically concrete, thermoplastic, and metal) 

and what each pipe material contributes to-

wards environmental sustainability. This in-

volves comparing the environmental impacts of 

not only the manufacture of these different 

products, but also looking at the differences in 

transportation, installation, and end-of-life 

characteristics for a complete system because 

each pipe material has its own distinct proper-

ties and requirements.  

ENVIRONMENTAL 
CONSIDERATIONS 

There are several categories considered for envi-

ronmental analyses of given products. Life-Cycle 

Assessments (LCAs), such as those produced by 

SCS Global Services, evaluate products in cate-

gories such as: climate change, acidification 

(acid rain), smog formation, eutrophication (wa-

ter pollution), and ozone layer depletion24. Water 

 

24 (Corrugated Steel Pipe Institute [CSPI], 2018) 
25 (Brander, 2012) 

consumption is also commonly included in en-

vironmental impact statements especially in the 

western United States where water scarcity is a 

significant concern.  

The most familiar category of sustainability to 

many is climate change, which is primarily af-

fected by the emission of Greenhouse Gases 

(GHG). Of all the classified greenhouse gases, 

CO2 is widely considered the largest contributor 

to climate change by total quantity of emissions, 

however, other gases have a measurably worse 

impact on the environment per unit weight. For 

instance, 1kg of methane, while less common 

than CO2, can contribute the same amount to-

ward warming the Earth’s atmosphere as 25 kg 

of CO2
25. The simplest way to compare the basic 

environmental impact of drainage pipes is to 

convert the associated emissions of each prod-

uct into terms of carbon dioxide equivalent 

(CO2e). While this is certainly not the complete 

picture, it allows users to compare products and 

methods from an environmental standpoint at a 

glance. 

CARBON FOOTPRINT OF       
DRAINAGE PIPE 

To measure and compare the environmental 

sustainability of any system or group of products 

it is common to look at the total GHG emissions 

associated with the production of a given prod-

uct. This can be encompassed in something 

called a cradle-to-gate analysis in which prod-

ucts are evaluated through each step of produc-

tion. From mining of raw material to the finished 

product (prior to distribution and use), the 
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emissions associated with each production 

phase are factored into a total embodied emis-

sions value. Several studies have evaluated the 

cradle-to-gate emissions of different pipe mate-

rials, but most evaluations stop after the product 

has been produced and is ready for shipment.  

 

 

Environmental Product Declarations, or EPDs, 

are made available for many product types, but 

generally don’t go further than evaluating ac-

quisition of raw materials and the subsequent 

manufacturing processes. While this process 

may account for a significant portion of total 

emissions, there are more pieces to the puzzle 

that can drastically change results when com-

paring different product types.  

Since the transportation, installation, mainte-

nance, and end-use of different pipe materials 

may look significantly different, it is important 

that the emissions associated with these other 

elements also be factored in. The term for a 

product evaluation that encompasses all associ-

ated environmental impacts through produc-

tion, distribution, installation, and end-use is 

called a cradle-to-grave analysis. 

For instance, the Concrete Piping 

Systems Association (CPSA) in the 

UK produced a third-party verified 

comparison of RCP and HDPE pipe 

material production.  

The report accounts for notable theoretical dif-

ferences between concrete pipe and plastic 

pipe in terms of cradle-to-gate and gate-to site 

emissions, as well as the mining and transport of 

imported backfill for each product type, but did 

not quantify values for installation procedures, 

maintenance/operation, or end-use into the fi-

nal product emission values. However, in going 

just a little further beyond cradle-to-gate emis-

sions in their evaluations, this report concluded 

that RCP emissions are nearly 35% less than 

HDPE. 

Since the transportation, installation, mainte-

nance, and end-use of different pipe materials 

looks different, it is important that the emissions 

associated with these other elements also be 

factored in. The term for a product evaluation 

that encompasses all associated environmental 

impacts through production, distribution, instal-

lation, and end-use is called a cradle-to-grave 

analysis. The purpose of this report is to draw im-

portant distinctions between differing pipe ma-

terials that should be considered when evaluat-

ing pipe materials based on environmental fac-

tors. 
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The CO2e emission data associated with each 

phase of production through installation and 

end use are available from several resources – a 

few of which have been compiled in the refer-

ence section at the end of this report.  

CRADLE-TO-GATE GHG EMISSIONS 

One of the primary source of CO2 emissions for 

any storm sewer or culvert project can be traced 

to the pipe material production. Typically, these 

are called cradle-to-gate product emissions, 

which theoretically include all emissions to the 

point where the product is ready to be shipped 

from the facility in which it was produced. This 

type of data is generally available to interested 

parties and effectively summarizes emissions 

 

26 (Hammond & Jones, 2011) 

associated with the extraction of raw materials, 

transport of raw materials to a processing/refin-

ing facility, processing/refining of raw materials, 

transport of raw materials to a manufacturing 

facility, and production of the end-product. 

Emissions are expressed in kilograms of equiva-

lent CO2 emissions per kilogram of material pro-

duced. When it comes to drainage pipes, this 

value can be used in conjunction with known 

pipe weights for the different materials and sizes 

to determine the emissions per foot of finished 

product. For many products and materials, a 

good estimate of the cradle-to-gate emissions 

can be derived from the Inventory of Carbon and 

Energy (ICE) report published by the Building 

Services Research & Information Association 

(BRSIA)26. The ICE report is a collection of best-

available environmental data for common con-

struction materials.  

For concrete pipe, the ICE report suggests an 

emission factor somewhere between 0.180 and 

0.242 kg CO2e/kg depending on assumed con-

crete strengths and reinforcement levels; how-

ever, ASTM published a more detailed Environ-

mental Product Declaration (EPD) specifically 
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for underground precast drainage products. The 

value from this document – which specifically in-

cludes reinforced concrete pipe - was 221kg 

CO2e/metric tonne, or 0.221 kgC02e/kg 27 . This 

value should be considered the most accurate 

cradle-to-gate emission value available for con-

crete pipe manufactured in North America. 

Using this value, one can compare the relative 

global warming impact of different materials. A 

quick comparison in the following table shows 

that RCP produces anywhere from 90% to 95% 

less CO2e emissions per unit weight than alter-

native product materials such as corrugated 

metal pipe (CMP), corrugated high density pol-

yethylene pipe (HDPE) and corrugated polypro-

pylene pipe (PP). Certainly, RCP weighs signifi-

cantly more than alternative materials for com-

parable diameters, and the table provided does 

not describe the foot-for-foot pipe emissions of 

the different materials and sizes. It should be 

noted, however, However, this simply illustrates 

that concrete, as a base material – comprised of 

 

27 (Canadian Concrete Pipe Association, 2017) 

70-80% sand, rock, and water – has a relatively 

small impact on the surrounding environment. 

It should be noted here that the higher weight 

of concrete provides more structure and lon-

gevity than what other material types would of-

fer in the same setting.  

DISTRIBUTION/TRANSPORTATION 
TO SITE 

The cradle-to-gate analysis incorporates every-

thing up to the point where the product has 

been manufactured and ready to ship from the 

location in which it was produced. Another im-

portant consideration for calculating emissions 

is to factor in the required transport of the prod-

uct from the point of manufacture to the instal-

lation site. For transportation emissions, con-

crete pipe is often viewed as disadvantageous 

since pipe load limits are weight based instead 

of volume based and typically more lineal feet of 

plastic or metal pipe can be fitted on a truck 

than with concrete pipe. This is illustrated in the 
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following table using an assumed 24.5-ton load 

limit for concrete pipe and an optimal geomet-

ric layout for flexible pipes assuming full truck-

loads of a single pipe size. Note that a load of 

concrete pipe holds anywhere from one quarter 

to one half of the footage of the same size flexi-

ble pipe.  

While concrete certainly has a disadvantage due 

to the weight of the product, one often over-

looked consideration is that the relative distance 

concrete pipe must be shipped to project sites is 

generally far less than that of alternative pipe 

materials. Because of the weight of concrete 

pipe, it is necessarily a more locally based indus-

try since it is not economically feasible to ship 

concrete long distances. According to the Amer-

ican Concrete Pipe Association’s membership 

page, there are close to 200 precast plants in the 

continental United States. Alternative pipe ma-

terial industries, such as Polyvinyl Chloride 

(PVC), CMP, and corrugated HDPE, each have 

between 50 and 75 manufacturing facilities ac-

cording to the respective Uni-Bell, NCSPA, and 

the PPI Drainage Division membership lists. Us-

ing a simplified assumption that the average 

shipment distance is inversely proportional to 

the number of manufacturing facilities, a point 

could be made that flexible pipe shipments 

must travel somewhere between two and a half 

to four times further to project sites than a typi-

cal concrete pipe shipment. If relative truck 

emissions can be simplified to: 

Emissions per Mile ×Number of Pipe Shipments 

×Number of Miles Travelled per Shipment 

Then the shorter distance travelled by concrete 

pipe can offset the difference in shipment foot-

ages while also offering users of concrete pipe 

more facility options and faster response times.  

Concrete pipe shipments are routinely 

shipped directly from the manufacturing 

facility. Alternative materials more 

commonly are shipped through supply 

houses and stockyards for logistical 

advantages. This logistics strategy 

means additional handling and more 

miles per pipe shipment which results 

more trucks on the road and more CO2 

emissions. 

INSTALLATION 

Installation is another important consideration 

for cradle-to-grave emission evaluations espe-

cially considering that each pipe material has 

unique requirements. Because storm sewer and 

culvert installations are oftentimes associated 

with a larger project scope (i.e., new road or 

street reconstruction), many of the emissions as-

sociated with site preparation and mobilization 

can be considered incidental to the larger pro-

ject rather than the pipe installation alone. 

While concrete pipe requires heavier lifting 

equipment due to the weight of the product, 

there is virtually no difference between handling 

equipment for different pipe materials since the 

required excavation equipment is almost always 

sufficient for handling whatever pipe is being in-

stalled. Exact values of installation emissions are 

widely variable since site conditions vary largely 

from one pipe installation to another; however, 

there are some key distinctions in installation re-

quirements that make concrete pipe a better 

option for the environment. 

There are two main categories to be considered 

when determining emissions from installation; 
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process emissions, which include excavation 

and pipe laying procedures; and, material emis-

sions, which include the mining and transport of 

required backfill materials. Determining the 

process emissions starts with determining in-

stallation rates. Concrete pipes have 8-foot lay 

lengths and require mechanical equipment to 

lift into place. Flexible pipes are typically pro-

vided in 20-foot lay lengths and are easier to 

move around jobsites, although oftentimes will 

utilize the same mechanical equipment as con-

crete pipe to lower pipe sections into the trench. 

It is important to note that in typical installa-

tions, most of the time for installation is associ-

ated with excavation and compaction rather 

than handling and joining the pipes. It is more 

important to note the structural backfill require-

ments and excavated soil volumes for different 

pipe materials. The following table is a summary 

of structural fill requirements per AASHTO in-

stallation standards. It should be noted that be-

cause AASHTO Section 26 for corrugated metal 

pipes is not clear on bedding thickness or trench 

width requirements, the respective require-

ments for thermoplastic pipe per Section 30 

have been assumed. 

 

 

 

Since concrete pipes generally only 

require structural backfill up to the 

springline of the pipe as opposed to 

6 to 12 inches over the top of the 

pipe for flexible culverts, a significant 

advantage for concrete pipe is 

realized. Less time spent on 

compaction means less equipment 

run time and fewer overall emissions. 

Most installation standards require compaction 

of structural backfill to be completed in 6-inch 

lifts. For a 24-inch diameter pipe, this means a 

concrete pipe would require only two to three 

lifts in the structural zone, while a flexible pipe 

may require six or more lifts. 

The next category of emissions that can be eval-

uated in relation to installation is material emis-

sions sourced from the mining and transport of 

imported backfill. Depending on the pipe’s size, 

an RCP installation may require anywhere from 

45 to 70% less imported structural backfill than 

a flexible pipe installation. Oftentimes the onsite 

soils are not adequate for use as structural back-

fill, and in-situ materials must be removed and 

replaced with imported structural aggregate 

bedding. The new structural fill will commonly 

be shipped from an offsite aggregate pit, which 

means fuel emissions associated with soil 

transport must be factored. Aside from just 

transport, structural aggregate is typically ac-

quired through a mining process and will have 

additional CO2e emissions that must be at-

tributed to material emissions. The unsuitable 

excavated on-site soils also may need to be  
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transported to an offsite location, so the 

transport emissions for those soils should also 

be noted.  

Since concrete pipe requires far less 

imported fill, significantly fewer 

emissions for aggregate transport 

and mining can be realized as 

compared to pipe materials which 

depend on a fully encapsulated 

structural soil envelope.  

ATMOSPHERIC CARBONATION OF 
CONCRETE 

The manufacture of cement is responsible for 

about 6.5% of total carbon dioxide emissions in 

the world28 . However, when incorporated into 

concrete, much of that carbon dioxide is recap-

tured into the concrete through a process called 

carbonation. Carbonation, as defined by the 

American Concrete Institute (ACI) is either a re-

action between carbon dioxide and a hydroxide 

or oxide to form a carbonate, especially in ce-

ment paste, mortar, or concrete29.  The rate of 

carbonation depends on the concrete’s quality 

and its relative humidity. 

A multi-national research team led by Steven 

Davis from the University of California, Irvine, 

concluded that from 1930 to 2013, an estimated 

76 billion tons of cement has been produced, re-

leasing 38.2 gigatons of CO2 into the 

 

28 (C3 Project Wins Well-respected Energy Globe Award, 2019) 
29 (Carbonation of Self-Compacting High-Performance Concrete Incorporating Recycled Concrete Aggregates, 2019) 
30 (Earth.com, 2016) 
31 (CO2 and the Concrete Industry: Cement and Concrete as a Carbon Dioxide Sink, 2020) 
32 (Hammond and Jones, 2011) 

atmosphere. However, they concluded that 43% 

of that CO2 was recaptured by the concrete in 

which it was used30. While most of the concrete 

pipe produced is buried, concrete does not have 

to be exposed to the atmosphere for this to oc-

cur. Underground concrete pipes can absorb 

CO2 from the air, water, and soil31. This reduction 

in CO2 can be factored into the gross product 

emissions using an assumed cement content of 

concrete.  

Assuming 11% cement content with 

a corresponding cement emissions 

factor of 0.93 lb. CO2/lb.32, an 

overall emission reduction factor of 

about 0.06 lb. CO2e/lb. could be 

included for a 27% reduction in 

emissions over the life of the product. 

Concrete’s carbon footprint is a cyclic phenom-

enon. In its initial phase, the production of ce-

ment results in CO2 released into the environ-

ment. Over the rest of its lifetime, the concrete 

produced with cement serves to remove CO2 

from the environment. The longer the concrete 

is in service, the more CO2 it absorbs, and con-

crete is known to have a long service life. Addi-

tionally, much research has been performed to 

enhance the removal of CO2 from the environ-

ment by incorporating its removal into the initial 

production of concrete as well. Research at 
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UCLA has developed carbon-to-concrete that 

captures greenhouse gases before they exit 

the power plant and uses them in concrete to 

help reduce the amount of Portland cement 

used33. This, along with other methods of incor-

porating carbon capture into concrete produc-

tion, will be commercially feasible. 

EXAMPLE COMPARISON 

The previous sections outline all of the ad-

vantages of RCP provides related to reducing 

GHG emissions of drainage piping. Many of the 

variables that add weight to total GHG emis-

sions, such as transportation and installation, 

depend largely on regional availability of mate-

rials and project site conditions. Thus, side-by-

side comparisons involve making a number of 

assumptions that may not be representative of 

every area or region; however, to help quantify 

some of the benefits outlined in the previous 

sections, the sample calculation, pictured right, 

has been assembled with the required as-

sumptions listed.  

OTHER FACTORS 

END-USE 

It is more common that concrete pipes come to 

the end of their service life because the function 

they were called to perform is no longer needed. 

Whether that be a change in drainage plans, the 

need to increase drainage capacity, or some 

other reason. When this occurs, the concrete 

pipe will be put to good use in another service. 

That service may include reuse as backfill 

 

33 (UCLA Team Demonstrates Carbon Dioxide Recycling in Precast Production, 2019) 

material, an aggregate for concrete, or perhaps 

even again as a drainage pipe in a separate loca-

tion. 

When concrete pipe is crushed, the broken-

down material has many uses, including: 

• Permeable paving for walkways, drive-

ways, and other outdoor hard surfaces. 

Broken concrete that is carefully laid 

creates a stable, porous traffic surface 
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that rainwater can filter through. This 

technique reduces the amount of runoff 

water that must be managed by storm 

sewer systems and helps to replenish 

groundwater. 

• Base for new asphalt paving. Through a 

process called “rubblization”, old con-

crete can be broken in place and used 

as a base layer for asphalt pavement laid 

over it. 

• Bed foundation material for trenches 

containing underground utility lines. 

Utility trenches are often covered with 

gravel to assist drainage, and crushed 

concrete makes a good, inexpensive 

substitute for gravel. 

• Aggregate for mixing new concrete. 

Crushed concrete can replace some of 

the virgin (new) aggregate used in 

ready-mix concrete. 

• Controlling streambank erosion. Larger 

pieces of crushed concrete placed along 

vulnerable stream banks or gullies can 

control erosion (acts as riprap). 

• Landscaping mulch. When properly 

crushed and well sorted, ground con-

crete can replace river rock or other 

gravels used as ground covers and 

mulch. 

• Fill for wire gabions. Wire cages (gabi-

ons) filled with crushed gravel can make 

decorative and functional privacy 

screen walls or retaining walls. 

• Material for building new oceanic reef 

habitats. Large pieces of concrete 

 

34 (The Concrete Centre, 2020) 
35 (Hassoon & Al-Obaedi, 2014) 

carefully positioned offshore can form 

the foundation for coral to build new 

reefs. 

In the United Kingdom, about 75 to 80% of sec-

ondary and recycled concrete aggregates are 

thought to end up as sub-base and fill, including 

uses such as road building and airfield pave-

ments 34 . In the Netherlands, that number is 

even higher, where 97% of concrete is recycled 

as aggregates for road base construction (Hu, 

Maio, Lin, & Roekel, 2012). Although no numbers 

were found for the United States, recycled ag-

gregates are used extensively in America as well. 

Recycled concrete not only stays out 

of landfills, but also replaces other 

materials such as gravel that must 

otherwise be mined and transported 

for use.  

Additionally, recycled concrete provides signifi-

cantly higher bearing strength values than ordi-

nary subbase materials35. It reduces transporta-

tion cost because concrete can often be recy-

cled in areas near the demolition or construction 

site. Often if concrete (including concrete pipe) 

is being removed, it is for further development 

in the area, which means there is very little 

transport required from the point of removal to 

the point of future use. Recycled concrete can 

even be reused in new concrete if care is taken 

to monitor its properties.  

Repurposed concrete pipe has been used for 

the development of coastal reefs, such as the 
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Maryland Artificial Reef Initiative. Additionally, it 

is often reused as a drainage pipe. RCP has been 

reused in many projects, including under-

ground water storage for park areas as well as 

storm drains under light rail transit. Concrete 

pipe from a previous service has even been re-

moved, had the gasket material replaced, and 

reused in areas where infiltration is of concern. 

In one instance RCP was able to be reused seven 

times. Two new steam generators were trucked 

from a port in Delaware to a power plant in Mid-

dletown, Pennsylvania. Along the 75-mile route 

several bridges had to be bypassed due to 

weight restrictions. In this application, 48-inch, 

Class IV RCP was used for several of the lower 

flowing bypasses. The pipe would be used at a 

bypass and then removed and reused on the 

next bypass requiring RCP. The pipe had to in-

stalled and removed at each site relatively 

quickly. This testifies to the pipe’s strength, ease 

of installation and resiliency. 

Regarding other culvert materials, corrugated 

metal pipes are recycled or resold regularly at 

the end of their service life. Established venues 

and strong markets exist for reuse and recycling 

of corrugated metal culverts. Economics incen-

tivize this process, as illustrated in the photo of 

end-of-life metal culvert pipes advertised for 

sale by a state transportation office. Thermo-

plastic pipes, however, are more than likely ex-

cavated and sent to a landfill. Though it is possi-

ble to recycle plastic pipes at the end of their ser-

vice lives, little data exists to support this is a 

common practice, as contractors are simply not 

incentivized to do so. 

 

36 (Barcelo, Kline, Walenta, & Gartner, 2014) 

EMBODIED ENERGY 

Another criterion often factored in environmen-

tal analyses is embodied energy. This value gives 

product users a relative idea of how much en-

ergy is required to produce a particular product 

or material. The premise here is that more en-

ergy-intensive products are more “unnatural” 

and generally will have a greater negative effect 

on the environment. The following illustration 

shows relative per unit weight embodied energy 

for different materials along with the relative 

greenhouse gas emissions of each36.  

Aside from the fact that concrete clearly shows 

the lowest embodied energy per unit weight, 

what can be realized in this graph is that em-

bodied energy is also a good indicator of the rel-

ative embodied GHGs of a particular material 

type. Generally speaking, the materials with 

lower embodied energy also have lower green-

house gas emissions. 

WATER DEMAND IN THE 
MANUFACTURE OF DRAINAGE PIPES 

Environmental sustainability is more than just 

the measure of greenhouse emissions. At its 
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core, sustainability is the empirical method of 

determining how many resources a product 

consumes. Perhaps one of the most frequently 

overlooked resources is water. In the last dec-

ade, society has gradually come to understand 

that water is a valuable, finite resource. This new 

focus on water conservation has led to an explo-

ration of a concept known as the “Water Foot-

print.” 

When considering water usage in pipe produc-

tion it might seem likely that concrete would 

use as much, or more, water than plastic. After 

all, water is a primary ingredient in concrete, and 

plastic is primarily formed from petroleum-

based resin. However, a closer look at the em-

bedded water used to make concrete pipe com-

pared to different types of plastic pipe reveals 

some surprising results.  

Due to limited available data, this discussion 

leans heavily on a paper published by the Con-

crete Pipeline Systems Association (CPSA), the 

concrete pipe trade association for the United 

Kingdom37. The CPSA paper used data from a 

2005/2006 Life Cycle Assessment published by 

the PlasticsEurope trade association. The data 

for RCP come from an Environmental Product 

Declaration developed by the Canadian Con-

crete Pipe & Precast Association38. The following 

table provides the US Customary values for High 

Density Polyethylene (HDPE) pipe, Poly-propyl-

ene (PP) resin, and Reinforced Concrete Pipe 

(RCP). 

 

37 (Concrete Pipeline Systems Association, 2011) 
38 (Canadian Concrete Pipe Association, 2017) 
39 (Boustead, 2005) 

 

Embodied water data is more than simply the 

measure of water used in the production of plas-

tic or concrete pipe. It is a measure of all of the 

upstream processes necessary prior to pipe pro-

duction. For example, the Building Research Es-

tablishment (BRE) Group performed a study of 

precast flooring and found it used approxi-

mately 136 liters of water per tonne of concrete 

(33 gallons/ton), but when incorporating all of 

the upstream data, the usage increased to 800 

liters/tonne (192 gallons/ton). This ratio illustrates 

that only about 20% of the water usage comes 

from the product manufacturing process. A 

comprehensive concrete pipe footprint would 

therefore include large-scale uses like cement 

processing, aggregates, and mixing, to the rela-

tively minor water consumption of dust control, 

worker hygiene, and coffee.  

The embodied water of HDPE pipe has similar 

usage requirements that quickly add up, with 

the two primary uses being processing (3.4 kg 

H2O/kg HDPE resin) and cooling (29 kg H2O/kg 

HDPE resin)39. 

From the data above, one can see that the em-

bodied footprint based on weight of thermo-

plastic pipe is significantly higher than for con-

crete pipe, which is noteworthy but not an 

equivalent comparison due to the weight of the 

respective products. A more important compar-

ison might be: If 100 lineal feet of pipe were to be 
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installed, which product would carry the smaller 

water footprint? The following table shows the 

embodied water of 100 feet of 36-inch diameter 

HDPE and RCP pipe.  

 

As sustainability and environmental awareness 

continue to grow in the engineering commu-

nity, resource management will become an ever 

more important design choice. The concepts of 

water embodiment or CO2 footprints are not 

concerns routinely entering into an engineer’s 

design process. But as the climate and weather 

patterns continue to change in unpredictable 

ways, the value of potable water will continue to 

accelerate. The ability to install 100 lineal feet of 

concrete pipeline for the same water usage as 

89 lineal feet of HDPE pipeline may very well be 

the deciding factor in future drainage projects. 
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ECONOMIC 
SUSTAINABILITY 

An economically sustainable infrastructure 

deals with issues affecting the long-term im-

pacts on a community’s economy.  

In other terms, economic 

sustainability means evaluating 

products and projects based on a 

complete life cycle analysis rather 

than capital costs alone.  

Conversely, an economically unsustainable in-

frastructure is designed solely based on short-

term costs. These short-term costs look appeal-

ing to entities whose primary goal is to make the 

most of their annual budget, but such short-

sightedness often places the burden of required 

maintenance and replacement costs on future 

generations. 

To illustrate economic sustainability, consider a 

typical car-buying experience. Purchasing a 

new vehicle that has the lowest capital cost may 

seem like a wise decision at the time of pur-

chase. The car’s upfront cost, however, is only a 

portion of the vehicle’s total cost of ownership. 

Going with the cheapest sticker-price may 

mean more expenses in insurance, mainte-

nance cycles, unforeseen mechanical issues, or 

just the base life-expectancy of the car. Spend-

ing extra dollars on a more durable, proven vehi-

cle will often offset the additional costs and pro-

vide the lowest cost of ownership in the long 

run. 

 

40 (Pallasch, et al., 2014) 

Economic sustainability in 

infrastructure ensures that as a 

community grows, it will retain the 

economic resources necessary to 

build new systems and maintain and 

improve existing systems at a 

manageable rate.  

For a given system to be sustainable, designers 

and decision-makers must take life cycle costs 

into account. 

LIFE CYCLE COST ANALYSIS 
AND DRAINAGE PIPE 
MATERIALS 

A life cycle cost analysis (LCCA) is an analysis 

methodology that enables engineers, designers, 

and decision-makers to better understand the 

economic impacts of infrastructure decisions 

over time. LCCAs help identify ways to reduce 

long-term and replacement costs. To achieve 

sustainable long-term solutions, engineers, de-

signers, and policy makers must account for all 

economic costs over the project’s lifetime and 

utilize the right methods and tools to do so.  

A report released by the American Society of 

Civil Engineers (ASCE) and the Eno Center for 

Transportation reviews the current use of LCCAs 

and how they might be used to make decisions 

about future projects and costs40. According to a 

survey in the report, only 59% of governmental 

agencies across the United States employ some 

type of LCCA. When these LCCAs are 
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implemented, they are used for pavement ma-

terial comparisons (concrete vs. asphalt) and 

rarely do they extend into the realm of storm 

sewer systems and culverts. Given that storm 

sewers and culverts are still a significant portion 

of total project costs and designers are pre-

sented with many material options for drainage 

pipes, it is important that LCCAs be considered 

for this aspect of infrastructure as well. 

ANNUALIZED TRUE COST OF 
OWNERSHIP 

The annualized true cost of ownership, or “cost 

per year,” of a new culvert or storm sewer pipe-

line can be estimated with this equation: 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 = 

 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 +
𝐶𝑜𝑠𝑡 𝑜𝑓 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑜𝑣𝑒𝑟 𝑡ℎ𝑒 𝑝𝑟𝑜𝑗𝑒𝑐𝑡’𝑠 𝑙𝑖𝑓𝑒

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐿𝑖𝑓𝑒 (𝑦𝑒𝑎𝑟𝑠)
 

In this equation, the total ownership costs per 

year are calculated without considering the 

time value of money. More in-depth analyses 

may factor in a yearly expected interest rate, but 

this simplified equation will suffice to make the 

same points. 

For example, a given culvert may cost $500,000 

to install and also requires $100,000 of expected 

maintenance over the culvert’s life. If the cul-

vert’s expected service life is 75 years, then the 

resulting annualized cost of ownership is: 

𝐶𝑢𝑙𝑣𝑒𝑟𝑡 1: 
$500,000 + $100,000

75 𝑦𝑟𝑠
= $8,000 / 𝑦𝑒𝑎𝑟 

If a comparable culvert costs $350,000 to install, 

requires $50,000 of maintenance costs, but has 

a 40-year service life, then the cost-per-year to 

own is: 

 𝐶𝑢𝑙𝑣𝑒𝑟𝑡 2: 
$350,000 + $50,000

40 𝑦𝑟𝑠
= $10,000 / 𝑦𝑒𝑎𝑟 

While the first culvert was over 40% more ex-

pensive on the front end, the final cost to the 

owner was actually 20% lower than the second 

option. Breaking culvert costs into average price 

per year is a much more effective way to calcu-

late cost of ownership than only evaluating up-

front cost. Employing these types of analyses is 

what truly drives an economically sustainable in-

frastructure. 

Actual project budget evaluations are more in-

volved than the equation suggests and have a 

significant range of variables that affect inputs 

such as future replacement costs and traffic dis-

ruption. It is incumbent upon each designer to 

account for all possible variables of their pro-

jects/locations. The following sections will review 

important concepts and considerations for im-

plementing life cycle cost analyses as they relate 

to drainage pipeline projects. 

INITIAL CONSTRUCTION COSTS 

A large part of any cost evaluation for drainage 

projects is determining accurate installed costs. 

This comes down to more than just comparing 

pipe material costs. Engineers must factor in 

what it takes to properly install each material, in-

cluding differences in handling, joining, com-

paction, and post-installation inspection. 

For instance, contractors and owners too often 

fail to realize that RCP has significantly different 

installation requirements than alternative prod-

ucts. These differences are documented in nu-

merous national standards and are made appar-

ent in documents produced by the manufactur-

ers of all drainage material types. A few of the 

main differences that should be considered are: 
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Required Structural Backfill  

Engineered granular backfill for RCP is only re-

quired to the pipe’s springline per AASHTO con-

struction standards, while alternative products 

generally require structural fill 6 to 12 inches 

above the pipe’s crown. Less engineered granu-

lar fill saves the expense of having to import and 

export the extra material, but also reduces the 

time and effort required to compact the fill 

around the pipe. 

Compaction 

As stated above, flexible products typically re-

quire structural fill over the top of the pipe. This 

means more than double the compaction ef-

forts are required on the part of the contractor 

as compared to typical RCP requirements. Addi-

tionally, RCP has a smooth exterior. The only 

consideration for shape irregularity is the bell 

section on smaller-diameter pipes which re-

quires the installation crew to excavate the bell 

depression prior to placement. Corrugated 

products have shape irregularities along the en-

tire length of the pipe. Manufacturers of these 

products recommend that the structural backfill 

be “knifed” in between each corrugation by 

manual compaction. A 20-foot length of corru-

gated pipe can have as many as 125 corruga-

tions, which would equate to 250 manual ‘knif-

ing’ actions per compacted lift for both sides of 

a single piece of pipe. 

Installation Inspection 

A significant advantage of reinforced concrete 

pipe over alternative pipe materials is that up-

wards of 90% of the strength of soil-pipe system 

is built into the pipe itself. It is commonly stated 

that a concrete arrives on a jobsite mostly 

installed. Conversely, flexible pipes generally de-

pend on the soil around the pipe for up to 95% 

of the stiffness of the soil-pipe system. While in-

spection is a vital component to any project no 

matter what pipe material is used, this makes in-

spection considerably more critical for flexible 

pipelines.  

Post-Installation Inspection 

After installation is completed, it is a good prac-

tice for all pipe installations to visually inspect 

the pipeline or run video-inspection equipment 

through to ensure there are no glaring issues; 

however, flexible pipes commonly require an ad-

ditional post-installation mandrel or laser-profile 

test to ensure the pipe has not exceeded the al-

lowable deflection limit. 

MAINTENANCE COSTS 

Estimating maintenance costs over the service 

life of a storm sewer pipeline or culvert can be a 

challenging task. Design engineers and public 

agency officials must carefully evaluate all avail-

able data prior to declaring the anticipated 

maintenance costs for storm sewer and culvert 

pipelines. Maintenance cost estimates are a key 

part of the overall life cycle cost equation. 

Typical storm sewer and culvert pipe mainte-

nance items include: 

• cleaning/jetting culvert lines; 

• fixing/repairing/sealing individual joints 

and cracks in a pipeline; and 

• lining pipes for the purpose of repairing 

deteriorated pipe and/or joints that 

have opened. 

 



   
 

34 CPWPGN002-2 

When estimating expected maintenance costs 

of a storm sewer or culvert project, consider the 

following: 

Historical Trends  

Local, documented pipeline maintenance ex-

penditures are the best indicator of future 

maintenance costs for a proposed pipeline. 

Where there is a lack of history for the use of a 

given pipe material, entities should be aware of 

the uncertainty and unproven nature of these 

types of products. 

Initial Inspections 

Proper construction inspection will result in 

lower maintenance costs over a pipeline’s ser-

vice life. Without proper construction inspec-

tion, an improperly installed storm sewer or cul-

vert will require more maintenance than it 

would have, had it been installed properly (i.e., 

proper joint connections, proper bedding prep-

aration, and compaction of haunch and backfill 

materials). 

Routine Maintenance vs. Rehabilitation  

Agencies and owners should differentiate be-

tween estimated routine maintenance costs 

and potential rehabilitation costs. Some pipeline 

rehabilitation projects, while expensive, may ef-

fectively extend the pipe’s service life beyond 

the original estimate. 

SERVICE LIFE  

Selecting an accurate service life is another chal-

lenging endeavor. Design engineers and public 

 

41 (City of Olympia, 2003) 

agency officials must carefully evaluate all avail-

able service life data and pipe material service 

life claims prior to declaring a pipeline’s service 

life and calculating the estimated cost per year 

of ownership. This is because the estimated ser-

vice life is the most impactful variable for deter-

mining the annualized cost of ownership. 

When establishing an expected service life of a 

storm sewer or culvert, consider the following: 

Local Conditions 

If a government agency tracks the actual life 

span of culverts and storm sewers in a local re-

gion, a strong case can be made for using that 

number for service life in life cycle cost calcula-

tions. The City of Olympia, Washington, estab-

lished a methodology for determining realistic 

service lives of various pipeline materials in a re-

port titled, “Pipe Evaluation and Preplacement 

and Options and Costs - Stormwater System In-

ventory.”41 This is just one of many publicly avail-

able studies from around the United States, and 

design engineers are encouraged to review 

these types of examples prior to determining 

pipeline service lives in their agencies. 

Residual Value of Pipe Sections 

When a storm sewer or culvert is replaced prior 

to the end of its service life, engineers should 

evaluate the removed pipe sections for possible 

re-use in either the replacement pipeline or an-

other pipeline project. Resetting older, undam-

aged storm sewer and culvert pipes is a great 

way to increase the pipeline’s overall value. This 
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reuse should be considered in life-cycle cost 

equations. 

Actual Service Life vs. Promoted Service Life 

Pipe manufacturers’ service life claims should 

be carefully weighed against actual user experi-

ence. Look for third-party sources that confirm 

or refute service life claims. The National Coop-

erative Highway Research Program (NCHRP) 

published the following table of culvert life ex-

pectancies for different materials for most con-

ditions. 

The following Transportation Research Board 

(TRB) statement addresses the service life of 

concrete pipe: 

“For all normal, everyday installations, the ser-

vice Iife of concrete pipe is virtually unlimited. 

For example, the Roman aqueducts are still usa-

ble after more than 2,000 years, and there is a 

buried concrete pipeline in Israel that was ten-

tatively dated as 3,000 years old. More recently, 

the first known concrete pipe sewer in North 

America was located; five sections were re-

moved in September 1982 for inspection and 

 

42 (Bealey, 1984) 

historical purposes. Installed in Mohawk, New 

York, in 1842 this 6-inch precast concrete pipe 

[were] in excellent condition after 140 years, and 

the sections remaining in service are expected 

to perform for several more centuries.”42 

Concrete pipe has a proven history. Good condi-

tion, 100-year-old installations have been docu-

mented in many regions of the United States.  

Below is an 84-inch concrete pipeline installed 

on February 27 of 1909 in Salt Lake City, Utah, still 

in use and in great condition. 
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Although some flexible pipe manufacturers 

claim 100-year service lives, they do not have a 

proven history and rely on a service life extrapo-

lated from short-duration studies and long-term 

failure tests that are completed in a matter of 

hours.  

To the casual observer, concrete pipe does not 

appear to have changed much since its intro-

duction in 1905. However, it actually has evolved 

over a long period of time with modernized 

equipment and manufacturing process refine-

ments. During the 1930s, America experienced a 

growing number of construction projects that 

pushed the engineering limits of design and 

materials. Along with that growth came a better 

understanding of soils and underground piping 

systems. Extensive engineering studies and 

testing from that period led to improved design 

and installation methods for concrete pipe. One 

could say that this “old” product has proven itself 

to be innovative. The ACPA developed a com-

prehensive Innovation timeline showcasing sig-

nificant innovations in the reinforced concrete 

pipe industry over the past century.43 

In addition, alternative pipe manufacturers have 

introduced new products at an aggressive pace, 

featuring new formulations, coatings, gasket de-

signs, and pipe wall section properties. It ap-

pears these are product line extensions, a mar-

keting tactic to reach an increasingly seg-

mented marketplace and offer new product ver-

sions designed to correct known problems with 

the previous product iterations 44 . Adding cre-

dence to this argument is the marketing that 

accompanies the new formulation, to convince 

 

43 (ACPA, 2021) 
44 (Quelch & Kenny, 1994) 

owners that issues historically associated with 

previous versions won’t, in fact, occur with the 

new product. 

Pipeline Construction Inspection 

Without documented construction inspection, 

an improperly installed storm sewer or culvert 

can be expected to have short-term or long-

term issues that may affect its service life (i.e., 

poor joint connections, improper bedding prep-

aration, and insufficient compaction of haunch 

and backfill materials). Relying on life cycle cost 

calculations to determine which type of pipe 

material will be used on a pipeline is highly prob-

lematic if the pipeline doesn’t last as long as the 

assumed service life.  

The service life of the final installed conduit is the 

only relevant number. A crushed or squashed 

storm sewer pipeline could in theory “last” hun-

dreds of years but provide little to no water con-

veyance capabilities. 

Residual Value 

It is important to remember that a pipe’s service 

life may extend beyond the project design life, 

especially in the case of concrete pipe. The 

American Society of Testing and Materials 

(ASTM) has separate LCA practices for concrete, 

plastic, and metal pipes. It is very telling how 

each of these practices addresses the potential 

of extra pipe service life beyond the life of the 

project. ASTM F1675, “Standard Practice for Life-

Cycle Cost Analysis of Plastic Pipe Used for Cul-

verts, Storm Sewers, and Other Buried Con-

duits”, and ASTM A 930, “Standard Practice for 
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Life-Cycle Cost Analysis of Corrugated Metal 

Pipe used for Culverts, Storm Sewers, and Other 

Buried Conduits” both focus on the “terminal 

value” of the pipe45 46. This is the remaining value 

of the drainage structure in place at the end of 

the project design life. With flexible products 

that may have corroded and are nearly impossi-

ble to remove without damage, there is little 

sense in trying to reuse the pipe. However, ASTM 

C113147, “Standard Practice for Least Cost (Life Cy-

cle) Analysis of Concrete Culvert, Storm Sewer, 

and Sanitary Sewer Systems,” focuses on the “re-

sidual value” of the pipe. In many cases, concrete 

pipe may still be acceptable at the end of the de-

sign life of a pipeline or culvert to be removed 

and reused on another project. 

This point caps off the already convincing life-cy-

cle advantages of RCP. RCP is economically sus-

tainable not only because it holds the highest in-

itial value of any culvert product, but also be-

cause of its unparalleled end-of-life value. 

  

  

 

45 (ASTM F1675-13, 2017) 
46 (ASTM A930-09, 2020) 
47 (ASTM C1131-20, 2020) 
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SOCIETAL 
SUSTAINABILITY 

Our infrastructure’s performance is critical to 

the nation’s well-being. The American Society of 

Civil Engineers surveys the condition and func-

tionality of infrastructure systems of different 

states and the country as a whole. Their latest 

rating, given in 2017, gave the United States a D+ 

grade overall with a score of D for roads, D+ for 

wastewater, and a C+ for bridges48. The scores 

suggest that the need for resilient and sustaina-

ble infrastructure is more important than ever. 

When it comes to the drainage industry, mem-

bers of society rely on infrastructure that they 

will rarely have to see, think about, or take notice 

of. These systems run in the background of so-

cial systems until a failure occurs that signifi-

cantly impacts the way of life, health, safety, or 

wellbeing of those we serve as engineers.  

 

 

 

48 (ASCE, 2020) 
49 (Smith, 2020) 
50 (National Centers for Environmental Information, 2020) 

THE WORLD TODAY 

While the condition of the nation’s infrastruc-

ture continues to deteriorate, the demands 

placed on infrastructure continue to increase. 

Flooding and fires happen more frequently, and 

what were once considered extreme events now 

seem to be a normal part of existence. The rising 

demand on infrastructure systems and poor in-

frastructure conditions outlined in ASCE’s report 

show the need for an infrastructure designed 

not only to meet current needs, but also to carry 

a sustainable system into the future that will be 

used confidently for generations.  

During 2019, the United States was affected by 

14 separate billion-dollar disasters49. Of those, 12 

were flood- or fire-related. Unfortunately, these 

are the types of occurrences that stress buried 

infrastructure the most. Based on the National 

Centers for Environmental information shown 

on the following table, there has been a notable 

increase in flooding and wildfire events during 

the last decade (2010-2019) compared to earlier 

decades 50 . The cost from the damage by 
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flooding and wildfires alone was 50.4% of the 

cost from all damages, including those from se-

vere storms, freezing, and drought. 

Since floods and wildfires have increased about 

150% in the last decade compared to the previ-

ous one, decision-makers must implement in-

frastructure systems that cope with these 

events to reduce future societal disruptions. 

These events can quickly become disasters 

when infrastructure is not resilient enough to 

sustain its function. 

Wildfires on the west coast of the United States 

have magnified the importance of resilient bur-

ied infrastructure. Flammable pipes have 

burned or melted during these fires, resulting in 

failed drainage systems and road closures. 

When plastic burns, there are additional con-

cerns about harmful chemicals being released 

that can contaminate groundwater and other 

freshwater sources. Some of the drainage pipe-

line damage from wildfires may take months to 

discover. 

One of the most extreme weather-related 

events a culvert will experience is hurricane-re-

lated flooding. Much of the public that lives 

away from coastal regions may not see the need 

to be concerned with flooding from hurricanes. 

However, hurricanes are increasingly making 

their way inland, resulting in derechos. A 

derecho is a widespread, long-lived storm asso-

ciated with fast-moving severe thunderstorms 

and wind speeds similar to those of hurricanes. 

When you consider all the possibilities of natural 

events, there is not a location in the United 

States that shouldn’t be considering the resili-

ency needed in its infrastructure to remain sus-

tainable. 

SAFETY 

In critical situations when resilient infrastructure 

is needed to sustain communities through a 

flood or fire, some pipe materials are at their 

weakest. When a hurricane occurs and people 

are forced to leave their homes due to flooding 

or loss of power, pipelines that have floated out 

of the ground will either leave citizens stranded 

or force them to take a longer route to safety. 

When people want to return home to assess the 

damage to their homes from wildfires, they 

shouldn’t worry about failing culverts under the 

roads. Nor should they need to worry about their 

own health or that of their family because of the 

contaminated soil and water resulting from re-

siduals of burning pipes. Additionally, it is rea-

sonable that people should expect first respond-

ers can reach them when needed. There are 

documented cases where fires and floods have 

damaged emergency access roads in Arizona, 

Texas, and Michigan. 

In May 2011, a fire inside a plastic storm culvert in 

Diamond Valley, Arizona, caused the roadway to 

give way. The roadway was closed after 20 feet 

of the 250-foot length of the culvert burned. This 

fire happened to be started intentionally. North-

west of Dallas-Fort Worth in April 2009, a 25,000-

acre brush fire threatened the entire town of 
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Stoneburg. The town of about 100 residents had 

two thoroughfares for evacuation: FM 1806 and 

US 81. A section of FM 1806 collapsed when three 

plastic culverts ignited and melted, leaving one 

main evacuation route out of the region. The in-

cinerated HDPE pipe caused a crater in the road, 

which a motorist drove into. He sustained severe 

injuries, and the crater also caused damage to a 

fire truck51. As noted previously, the flooding in 

Gogebic County, Michigan, washed out multiple 

metal culverts, causing widespread road clo-

sures and countless hours in delayed travel52.  

Exhaust pollution from sitting in traffic, water 

pollution from runoff into areas it wasn’t sup-

posed to go, or mold and other issues caused by 

flooded locations are other instances of safety 

and health issues. These issues do not immedi-

ately reveal themselves, nor are they easily 

quantified, and thus they are often ignored. In-

frastructure is not resilient or sustainable if it 

does not support the safety and health of its cit-

izens. 

CONVENIENCE 

Resilient infrastructure sustains communities 

through disasters and helps to ease them back 

to a normal life. Pipe products that are more sus-

ceptible to failure have the potential to signifi-

cantly disrupt a community. While it is hard to 

quantify, inconvenience costs money and is a 

time burden to the public. The traffic congestion 

created by construction and emergency repairs 

not only leads to additional emissions, but also 

to lost time for the drivers of the vehicles. Many 

 

51 (The Daily Courier, 2011) 
52 (Concrete Products, 2009) 
53 (Keoleian, et al., 2005) 
54 (Hurricanes hit the poor the hardest, 2017) 

economists have found that the agency costs for 

construction and rehabilitation activities are 

dwarfed by the social costs. User related costs 

such as time lost to motorists and commercial 

trucks due to construction related congestion 

dominate the total life cycle costs associated 

with a project53. Sitting in construction-related 

traffic reduces drivers’ productivity (e.g., travel-

ing to work or freight trucks), resulting in de-

layed deliveries, lost time at work, or time taken 

away from family and friends. 

SOCIAL EQUITY 

When it comes to normal life, resiliency is a key 

factor in the social equity of communities. Over 

the last several decades, there has been a down-

ward bias in the standards used for our nation’s 

infrastructure. Communities and their citizens 

benefit with sustainable and resilient drainage 

infrastructure. What was once inconceivable as 

an appropriate storm water pipe is the norm in 

some cases. This is particularly evident in lower 

income neighborhoods where the financial in-

centives of developers is to keep costs down. 

This adds to the fact that the financial incentives 

of low-cost pipe industries is to make the most 

amount of money using the least amount of ma-

terial and quality54. Compromises in policies and 

standards for designing infrastructure limit the 

potential growth and prosperity for a commu-

nity. 

While financial incentives may lead individuals 

or industries to lower their standard, Mother Na-

ture’s demands are still on the rise. Lower 
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standards ultimately result in more devastating 

failures in areas that can least afford them. 

Lower-income communities have less saved in-

come in which to overcome these events. In ad-

dition to their cars, these individuals’ homes may 

be their only asset, and when this asset is dam-

aged or destroyed by the effects of low standard 

drainage materials, it is all they can do to re-

cover. This can trap municipalities into a cycle of 

loss and climbing back simply because appro-

priate standards that provide resiliency in their 

communities are not utilized. Instead of lifting 

up the community, poor standards resulting in 

non-resilient infrastructure provide another fac-

tor that exacerbates the social equity problem in 

this country. Sustainable, socially equitable 

communities, then, depend on resilient stand-

ards. 

INTERACTION FACTORS 

If drainage pipelines and culverts are a concern 

to the public, then something is wrong. Drain-

age infrastructure should be reliable for the pub-

lic for many generations. However, to achieve 

this level of reliability, it isn’t enough to simply 

say that one pipe type should be installed in all 

cases. Engineers, political leaders, and individu-

als all need to consider resilient and sustainable 

infrastructure. Policies and design standards 

need to be changed to take into consideration a 

long-term vision of resiliency and sustainability. 

Individuals at all levels of society should be 

linked together to improve the sustainability of 

their systems. Individual users, infrastructure 

designers/operators, and policy actors are all key 

stakeholders who must work together 55 . All 

 

55 (Ramaswami, et al., 2012) 

three functions play a key part in building resili-

ency and sustainability in an infrastructure sys-

tem. Individual users are the people who enjoy 

the benefits from a resilient and sustainable in-

frastructure but are also those who are affected 

the most by a failed drainage structure disturb-

ance in their daily lives. The input of individual 

users is important to communicate a clear and 

honest message to policy makers. This is how 

policy changes should occur.  

For example, individual users of a community 

suffering from disturbances due to drainage fail-

ures from flooding need to talk to their policy 

makers about the importance of sustainability 

and resiliency. Policy makers, on the other hand, 

are elected decision-makers who shape the gov-

erning policies. Elected decision-makers will re-

spond after the damage event occurs and plan 

for preventing another event from re-occurring. 

Changed policies by elected officials will be im-

plemented by the designers and operators. De-

signers will implement the policies to prevent 

previous issues from reoccurring to improve the 

quality of life for individual users.  

When communities aren’t designed for a sus-

tainable future, it means permanent problems 

are being solved with a temporary fix. To combat 

this, individual users need to be aware of how in-

frastructure affects the health and sustainability 

of where they live. By showing the gap between 

inadequate infrastructure and sustainable infra-

structure, the individual user becomes comfort-

able advocating for policy changes to their 

elected officials to build a resilient infrastructure. 
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ETHICS 

The newly updated Code of Ethics from the 

American Society of Civil Engineers (ASCE) lists 

five responsibilities to which all engineers and 

members of ASCE must adhere. These responsi-

bilities include their duties to society, the natural 

and built environment, the engineering profes-

sion, clients and employers, and peers56. The first 

responsibility given under the first category (so-

ciety) is that engineers “first and foremost, pro-

tect the health, safety, and welfare of the public.” 

Additionally, sustainable development is specifi-

cally noted under the engineer’s second respon-

sibility (the natural and built environment) and 

is mentioned several other times as well. In re-

cent years, these two responsibilities have been 

considered to have an increasing level of im-

portance within the engineering profession. 

Consequently, these principles are fundamental 

to the idea of sustainable infrastructure. 

Designing and building reliable and long-lasting 

infrastructure means designing resilient infra-

structure that is sustainable. The infrastructure’s 

quality has a direct effect on the safety, health, 

and welfare of the public. As a result, it would be 

unethical for an engineer not to consider the re-

siliency and sustainability of the infrastructure 

they design. The decisions engineers make af-

fect the welfare of the general public both today 

and in the future. While future hazardous events 

may not be predictable, a resilient infrastructure 

can mitigate some of those unforeseen circum-

stances. 

 

56 (ASCE Code of Ethics, 2020) 
57 (AASHTO, 2014) 

The American Association of State Highway and 

Transportation Officials’ (AASHTO) Drainage 

Manual57 says a chosen culvert should be based 

on the following criteria: 

• Construction and maintenance costs 

• Risk of failure or property damage 

• Traffic safety 

• Environmental or aesthetic considera-

tions 

• Political or nuisance considerations 

• Land use requirements 

Notice the AASHTO Drainage Manual does not 

list a product with the shortest service life or 

make any mention of price. The listed criteria 

place emphasis on the social welfare of the over-

all public and the individuals who may be af-

fected by the engineer’s choices. These criteria 

further highlight the engineer’s duty to design a 

safe, resilient, and sustainable culvert. 

If an engineer acts to “mitigate adverse societal, 

environmental, and economic effects” and uses 

“resources wisely while minimizing resource de-

pletion” as required under ASCE’s responsibili-

ties to the natural and built environment, then 

they will likely be looking for a solution that of-

fers the greatest life cycle value. This would be a 

solution where the infrastructure is not only sus-

tainable in an ideal environment but can endure 

the severe events that may occur in its lifetime 

as well. 

Engineers have a duty not only to their em-

ployer, but also to the customer, users of their 

product, and those whom they know will rea-

sonably be affected by their decisions and 
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choices. Civil engineers are known to be stew-

ards of the nation’s infrastructure, but it is im-

portant to remember that the engineer’s ulti-

mate duty is to the nation’s citizens. The Order 

of the Engineer states it very well: 

“As an engineer I pledge to practice integrity 

and fair dealing, tolerance and respect, and up-

hold devotion to the standards and dignity of 

my profession, conscious always that my skill 

carries with it the obligation to serve humanity 

by making the best choice of earth’s precious 

wealth.” 

Ethical choices are choices “in accordance with 

the rules or standards for right conduct or prac-

tice, especially the standards of a profession.”58 

The engineering profession requires a socially 

responsible choice that is resilient and sustaina-

ble. Anything else would be unethical. As with all 

engineering decisions, it is our ethical duty to 

keep the public’s best interests in mind when 

designing infrastructure. Understanding the re-

silient differences associated with different pipe 

materials can help realize the implications to 

those who rely on it.  

  

 

58 (Dictionary.com, LLC, 2020) 
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CONCLUSION 

Sustainability is important to prioritize as Amer-

ica’s infrastructure is renewed and expanded. 

Designers must take into account environmen-

tal, economic, and social sustainability, as well as 

understand the vital role resilience plays in mak-

ing infrastructure truly sustainable. Infrastruc-

ture cannot be fully sustainable unless it is resil-

ient. 

Concrete pipe provides the most resilient of all 

drainage pipe materials. Not only is it the most 

structurally robust and durable product, but it is 

also inherently resistant to flotation and burn-

ing, the top two threats affecting drainage infra-

structure today. 

Concrete pipe has a significant number of sus-

tainable features. It boasts the lowest carbon 

emission factor per-unit-weight by a substantial 

margin. Because of the local nature of the con-

crete pipe industry and the sheer number of 

production facilities located in the United States, 

the average transport distance from a produc-

tion facility to the installation site is the shortest 

in the industry. 

RCP provides the lowest long-term cost to tax-

payers and end-users. Additionally, making in-

frastructure more resilient by using concrete 

pipe, in turn will provide a more dependable and 

predictable budget for communities and agen-

cies that manage public utilities by avoiding 

costly emergency repairs in many instances. 
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Concrete pipe helps improve social sustainabil-

ity due to its dependability and resistance to cat-

astrophic failure modes. Keeping drainage sys-

tems functional ensures other infrastructure 

systems that people depend on – such as roads 

– can continue without disturbance. Reducing 

the likelihood of a failure and subsequent re-

pairs helps to reduce impacts experienced by 

citizens. Using concrete pipe helps avoid the 

monetary costs of replacements while also ef-

fectively removing safety risks associated with 

road failures and eliminating traffic impacts re-

sulting from would-be repair closures.  

There is perhaps no greater endeavor as public 

servants than to provide for safe, effective, and 

efficient systems designed and built for the 

long-term future while considering the eco-

nomic, social, and environmental needs of soci-

ety. Using concrete pipe for buried drainage in-

frastructure is clearly the most responsible 

choice for the next era of America’s infrastruc-

ture. 
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