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ABSTRACT
Pavement construction, maintenance and rehabilitation have considerable impacts on
environment, society, and economy. These impacts can be minimized by
implementing lean construction strategies that focus on reducing wastes and
improving performance, as well as increasing the overall value of the facility to the
end users. The objective of this study is to identify the adverse effects of work-zones
activities for pavement projects, and demonstrate how lean construction techniques
can provide sustainable solutions. For example, 5S’s can help reducing the waste
which is a cause of environmental degradation. The last planner technique can be
used to prevent schedule delays and to accelerate the construction process, and assist
in reducing the excess emissions due to unstable traffic around the work-zones and
from heavy equipment. It can also minimize vehicle operating costs due to congestion
and improve the mobility of work-zone. Increased visualization approaches such as
speed advisories, delay advisories; regulatory speed limit changes merge control and
alternate route guidance, can further enhance safety and mobility. Other impacts such
as noise pollution; and reduced accessibility to businesses and emergency facilities
can be minimized using phased scheduling which allows the selection of construction
time and duration suitable for the surrounding community.
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INTRODUCTION
The 2013 Report Card for America’s Infrastructure published by ASCE indicates that
US road network includes more than 4 million miles of public roadways, and 32% of
these major roads are in poor or mediocre condition. According to the US Department
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of Transportation, traffic volumes and congestion are increasing on national roads,
but there is very small growth in road miles. Furthermore, highways are approaching
middle age, requiring more construction and repair, which results in more work-zones.
Work-zones have considerable impacts on environment, society and economy.
Pavement construction, maintenance, and rehabilitation activities have adverse
impacts on the environment through generating construction wastes, emissions caused
by construction equipment, increased emissions from traffic congestions and excess
noise (Mallela and Sadavisam 2011). Some of the economic impacts caused by workzones include travel delay cost; vehicle operating cost; crash cost; as well as impacts
on local businesses. Work-zones also have significant social impacts on adjacent
routes and transportation networks, as well as; public and private properties in the
vicinity. According to FHWA, implementing sustainability to highways and helping
decision makers make balanced choices among environment, economic, and social
values, benefits current and future road users (Mallela and Sadavisam 2011). A
sustainable work-zone should also satisfy the triple bottom line of sustainability.
FHWA specifies the importance of work-zone impact assessment to meet safety and
mobility needs, and expectations of the travelling public. Various approaches have
been employed to improve construction processes. Lean construction techniques can
help in eliminating non value-adding works. (Salem et al. 2005)
Lean principles are applied to the construction process in order to minimize waste,
increase the value of service, and to improve performance. Implementing lean
techniques on construction projects can also optimize the schedule, budget, and
improve safety (Salem et al. 2006). Applying lean techniques such as the last planer
system can also reduce work flow variation which helps improving labor productivity
(Liu et al. 2010). However, implementing lean construction techniques on highways
and road are very different from lean application in building sites. For example, the
main priority of work-zone workers is to cause minimal disruption to traveling public,
and the working space is allowed by traffic management instead of contractors to
minimize the disruption. Therefore, it is important to adapt lean techniques in a
proper way to utilize their full potential in road construction. (Ansell et al. 2007)
The objective of this study is to identify the impacts of pavement construction,
maintenance and rehabilitation activities, and demonstrate how implementation of
lean construction techniques in work-zones, can benefit the triple bottom lines of
sustainability. This paper explains the impacts of work-zone activities on the
environment, economy and community, and discusses suitable lean construction
techniques that can help in reducing the negative impacts of these activities.
LITERATURE REVIEW
Lean construction is the implementation of Toyota motor company lean production
principles to construction process. Although construction and manufacturing are
significantly different in their features and products, Koskela (1992), introduced the
idea of applying lean manufacturing techniques to construction industry (Bertelsen
2004). Huovila and Koskela (1998) recommended considering the challenges of
sustainable development in life cycle process of buildings. The benefits of lean on
sustainable development include minimizing wastes; reducing resource depletion and
pollution, adding value to the customer, and achieving business and environmental
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excellence. Lean construction offers the conceptual basis and potential for sustainable
construction (Huovila and Koskela 1998).
LEAN TECHNIQUES
The 5S process has five steps that can help in eliminating wastes and reducing
process inefficiencies in a workplace. The 5 S’s of lean are sort, straighten, sweep,
standardize, and sustain.
Sort (Seiri) helps with eliminating tools and other items not used in the
construction process. Straighten (Seiton) can help with setting the work-zone in order
by arranging tools and equipment by sequence of their use. Implementing this
technique in work-zones will also result in considerable cost reductions. Sweep (Seiso)
is used for cleaning and keeping the work-zone in order. Daily cleaning gives
confidence in the ability to find what is needed without wasting much time.
Standardize (Seiketsu) requires operations in the work-zone to be consistent and in a
standardized fashion. It requires every worker to know their responsibilities. Sustain
(Shitsuke) ensures that the management follows the practices mentioned above and
does not allow a gradual decline back to the old ways of operation (Salem et al. 2005).
The last planner system was developed by Glenn Ballard and Greg Howell in
1980s to improve the predictability and reliability of construction production
(Mossman 2004). According to Ballard (2000), the last planner system is a technique
that manages the construction flows and addresses project variability. Last planner
replaces optimistic planning with realistic planning by evaluating the performance of
workers based on their ability and reliability to achieve their commitments (Ballard
2000). Some of the last planner techniques that help minimizing impacts and
improving sustainability are Master Schedule, Reverse Phase Scheduling (RPS), and
Six Week Lookahead (SWLA), Weekly Work Plan (WWP), and Percent Plan
Complete (PPC). Master Schedule provides an overall project schedule with
milestones. Reverse Phase Scheduling (RPS) uses a schedule that works backwards
from the completion date. Six Week Lookahead (SWLA) estimates future activities
based on RPS. WWP uses the “Should, Can, Will” idea and SWLA to cover the
weekly schedule, safety issues, quality issues, material needs, manpower,
construction methods, backlog of ready work, and other field constraints. PPC is the
measurement metric of Last Planner. PPC is calculated as the number of activities
that are complete as planned divided by the number of total number of planned
activities (Salem et al. 2005).
Increased visualization technique can be implemented on projects by posting signs
and labels such as project milestone, safety, quality, and schedule signs around the
construction site, can help in creating awareness of action plans on a job site. (Salem
et al. 2005)
First run studies and using a “Plan, Do, Check, Act” cycle can help with the
continuous improvement of the project. Brief daily meetings for team members to
provide status updates of their work can also assist in increasing employee
involvement and satisfaction (Salem et al. 2005).
IMPLEMENTATION OF LEAN IN CONSTRUCTION
This section summarizes some of the research studies on the benefits of implementing
lean techniques in construction projects. Salem, et al. (2006) compared lean
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construction techniques with lean manufacturing techniques using a parking garage
project in Ohio over a period of six months as a case study. After using lean
techniques such as the last planner, increased visualization, huddle meetings, first run
studies, and five S’s the project was under budget and three weeks ahead of schedule,
the average PPC value increased 20 points, subcontractors were more satisfied, and
incident rates were below that of similar non-lean projects completed by the same
company (Salem et al. 2006).
Dettman (2014) summarized the benefits and challenges of applying lean in
public sector along with the implementation of Integrated Project Delivery (IPD), and
Building Information Delivery (BIM). According to this study construction costs in
US has been increasing, while infrastructures conditions are very poor. This leads to
the need of fundamentally rethinking and recalibrating project delivery. The study
predicts an increase in productivity by 15% or more as a result of continued
application of IPD principles, BIM tools and lean techniques. Other benefits include
shorter duration, reduced demand on public agency staff, financial incentives for both
contractor and designer, and increased involvement of clients in the design and
construction process. However, there are some obstacles in implementing lean in the
public sector such as certain laws in different states and lack of communication
between stakeholders (Dettman et al. 2014).
Liu et al. (2010) discussed the relationship between workflow variation and labor
productivity. The paper presented the use of the last planer system in a pipe
installation project which reduced workflow variation and helped improving labor
productivity (Liu et al. 2010). Peng and Sui (2012) discussed how to improve
sustainability in precast concrete factories by utilizing lean principles. The paper
stated that many lean techniques have been applied on precast concrete production
which addresses specific problems rather than the fundamental problems. The results
showed that implementing lean techniques in precast concrete factories can improve
the value chain and reduce carbon emissions (Peng and Sui Pheng 2011). Patel (2012)
discussed implementing the last planner system on a commercial construction project.
The study presented significant improvement in PPC ratios after implementing LPS
without which there might have been longer schedule delays (Patel 2012). Ballard
(2000) discussed a case study on a $2.1 billion refinery expansion for a national oil
company. Because of the poor productivity, contractors wanted to increase the
workforce which was not a viable solution. Thus the LPS was used which included
six week lookahead schedules, screening processes for creating workable assignments,
sizing assignments to crew capacity, and charting and acting on reasons for not doing
planned work. This resulted in 30% to 90% improvements in PPC of different
subcontractors, more than1% increase in annual productivity factor, and 50% to 700%
improvement in first run studies (Ballard 2000).
Introducing lean process to highway and pavement construction engineering is
challenging since most of the previous lean construction studies came from building
industry and there are few examples to show the applicability of lean techniques in
pavement construction industry (Ansell et al. 2007). Ansell et al. (2007) discussed the
differences between lean application in building sites and highway construction and
showed the importance of how to adapt lean techniques to achieve full potential in a
highway project. The team framed a lean program to reduce the duration of each
activity by performing constraints analysis, delay analysis, and buffer analysis on a
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highway renewal project and bridge repair projects which required structural
strengthening of bridge piers (Ansell et al. 2007).
Ahuja (2013) studied lean methods that help improve sustainable impacts.
According to this paper three key impacts of lean construction methods can help
achieving sustainability. Economic values can be achieved by reducing cost, saving
resources, minimizing operation cost, and maximizing the productivity. Social values
can be achieved by making the workplace safe, being loyal among team members and
stakeholders, and by keeping in mind the community welfare and happiness.
Environmental values can be achieved by minimizing the resource depletion, saving
the resources, removal of waste, and preventing pollution. Lean techniques used in
this research are the use of the integrated product teams, set based design, design
build operate maintain integrated design, design for maintainability, value stream
mapping, and 5Ss (Ahuja 2013).
Nahmens and Ikuma (2012) discussed effects of lean construction on
sustainability of modular homebuilding (a form of manufactured construction), which
produces wood frames and structural insulated panels. The environmental impacts
due to gypsum board hanging was reduced by improving material staging, using
suitable positioning of materials to prevent damage by plant traffic, improving
standard operating procedure and redesigning workflow. As a result there was a 15%
improvement in value added activities, and the amount of gypsum waste was reduced
to 63.6%. Some of the safety hazards in base framing station were struck by saws,
screws, nail guns, and other large objects. Other hazards included slips, trips, falls,
pinch points, and lack of industrial hygiene. Some quick but cost effective changes
were made to the process such as installing angle irons to reduce time spent placing
and aligning rim joists, building tool boxes near work areas to locate tools. Saw
horses were used for cutting materials to improve posture and reduce material damage.
Morning meetings were held to improve coordination of work, and materials were
staged closer to points of use. These changes resulted in reduction of cycle time by 55%
and increase in value-added activities by 16% (Nahmens and Ikuma 2012).
APPLICATION OF LEAN ON WORK-ZONES
Pavement construction and rehabilitation have considerable impacts on environment,
society, and economy, such as emissions, waste, travel delay cost, vehicle operation
cost, and impacts on nearby businesses and residences. Although evaluating the triple
bottom lines of sustainability in pavement construction is of great importance, not
enough studies have been done in this area. Federal Highway Administration (FHWA)
indicates that several agencies have adopted strategies that minimize the impacts of
work-zones during construction and maintenance and operation activities. Lean
techniques can be implemented on different construction projects to help increasing
the system’s value while minimizing environmental, economic, and social impacts
caused by construction process (Mallela and Sadavisam 2011).
ENVIRONMENTAL IMPACTS
Environmental impacts caused by work-zones are mostly due to emissions from
construction equipment, emission due to unstable traffic, work-zone waste, and noise
pollution. State and local transportation agencies are motivated to investigate
strategies to reduce air pollution caused by work-zones. In urban areas, traffic
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emissions around work-zones increases due to frequent acceleration and deceleration,
reduced speed and queuing. Unstable traffic caused by work-zones can be avoided to
some extent by implementing proper work-zone management techniques. Using the
last planner and scheduling the construction process accurately accelerates the
process of construction and reducing the emissions caused by work-zone. In addition,
having a master schedule and weekly work plan helps scheduling the closures during
off peak and night time, and times that causes less disruption in traffic. The
Oklahoma department of transportation allows all contractors to review plans in
advance to become more familiar with the project. This helps the contractors to
submit more accurate schedules and results in more economical and quicker projects
(FHWA 2005).
Another environmental impact caused by highway construction and maintenance
is wastes produced in work-zones which can be eliminated by implementing the 5S
process. Keeping the work-zone neat and organized during the whole construction
phase, will help minimizing the waste and pollution produced in the work-zones.
Excessive noise is very common in work-zone construction projects, but the
impacts can be minimized by utilizing management techniques. The last planner
techniques allow scheduling the best work hours depending on the area of the workzone. In residential areas, noise emitting construction processes can be minimized
during afterhours at night. In business areas, which are usually more populated during
the daytime, noise should be prevented during the work hours. In addition, FHWA
recommends different noise control techniques such as using modern equipment with
better engine insulation, moving equipment farther away from the receiver, enclosing
noisy activities and stationary equipment, erecting noise barriers, or using
landscaping as a shield (Sankar et al. 2006).
SOCIAL IMPACTS
Social impacts of work-zones include accidents, impacts on adjacent transportation
network, public properties and private properties. Work-zones affect the
transportation system at both the corridor and network levels including parallel
corridors, and alternate routes. They also have impacts on nearby transportation
infrastructure such as key intersections and interchanges, railroad crossings, public
transit junctions, and other junctions in the transportation network. Work-zones affect
public properties including parks, recreational facilities, fire stations, police stations,
and hospitals, as well as private properties including businesses and residences
(Mallela and Sadavisam 2011).
Work-zones are hazardous for both construction workers and motorists who drive
through the work-zones with unorganized barrels and equipment and various complex
signs around them. Increasing visualization is a lean technique that can help
improving safety. Using signs indicating work-zone speed limits, and using detour
signs in proper distances from work-zone can result in less accidents and safer workzones. In order to reduce the number of rear-end and fatal crashes, Arkansas used an
automated work-zone information system. This system was used to manage speed
variability and provide work-zone information and delay times. Another visualization
technique used by Ohio department of transportation to alert motorists of work-zones
was to use rumble strips placed across the travel lanes approaching the construction
zone (FHWA 2005). Furthermore, injuries caused by motor vehicles outside the
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work-zone and construction equipment within the work-zone can be avoided by
increasing the visibility of workers and vehicles with high visibility apparel, paying
attention to blind spots, and proper lighting (Hinze and Teizer 2011).
The 5S process can help increasing safety and minimizing incidents in work-zones.
By sorting, keeping tools and equipment organized and in order regularly. The
Missouri department of transportation recommends ensuring work-zones are
maintained in a neat, orderly, and effective manner for the safety of highway workers
and motorists(Sankar et al. 2006). In addition, having brief daily meetings for
construction team members and employees helps discussing and resolving work place
problems and increases their awareness to create and maintain a safer workplace.
Temporary traffic control strategies can be used to facilitate the traffic flow near
work-zones. Phase scheduling helps having a detailed schedule for each phase of the
project, and reverse scheduling helps to find the best way to meet the milestones
stated in master schedule. Knowing the exact start and finish time of each phase of
the project makes it easier to plan the construction process to decrease the social
impacts as much as possible. The Washington state department of transportation
requires maintenance crews to use work hour charts. These charts are used to
determine the most suitable time to perform construction or maintenance activities on
a corridor to minimize the impact on traffic (Sankar et al. 2006).
FHWA suggests various strategies for minimizing work-zone impacts on
transportation network such as sequencing and phasing different aspects of project,
reducing lane or shoulder width to maintain number of lanes, and using two-way
traffic on one lane. The Ohio department of transportation has a limitation for the
number of lane closures for construction and maintenance activities in highways to
provide a sufficient mainline capacity (Sankar et al. 2006).
Implementing the transparency techniques and increasing visualization also helps
reducing the impacts on nearby transportation network and properties. For example
using detour signs, temporary pavement markings, changeable message signs, and
informing people about future detours in each phase of the construction can make
their transportation through work-zones easier. FHWA indicates public awareness
strategies such as signs, brochures, mails, websites, paid advertisements, and other
public information systems can also help minimizing work-zone impacts (Sankar et al.
2006). Some other strategies suggested by FHWA to minimize the impacts on nearby
transportation infrastructures include improvement of streets and intersections by
roadway and shoulder widening and additional through and turn lanes. Construction
of bus stop areas that are recessed from travel lanes, restriction and elimination of
parking in work-zones, truck and heavy vehicle restrictions and separate truck lanes
can reduce congestions. Controlling railroad crossings located in work-zones by signs,
pavement markings, flashing lights, gate arms, flaggers or police officers can improve
safety besides minimizing traffic impacts (Sankar et al. 2006). If there is a railroad
crossing near the work-zone, the Wisconsin department of transportation recommends
there should be coordination with the railroad company before the work starts in
order to avoid traffic stops on the railroad tracks. If there is a chance of traffic backup
extending through the railroad crossing, special warnings for motorists should be used
(Sankar et al. 2006).
Work-zones have negative impacts on businesses, recreational facilities, hospitals,
police centers, fire stations and other public and private properties. These impacts
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include customer access, delivery access, and parking issues. To minimize the workzone effects, all the relevant stakeholders should be involved early in the process.
Proper estimation of construction duration of each phase is necessary for providing
accurate information to daily commuters about the work-zones near specific
businesses which will allow them to plan accordingly in advance. In addition, to
improve the accessibility to these businesses during the construction, signs and
information to direct people to those businesses or their relocation of access can be
used. Arizona uses an information program to send weekly newsletters to the media,
businesses, and local residents. The newsletters provide information on project status,
lane restrictions, ramp closures, detours, access to area businesses, and other workzone restrictions (FHWA 2005).
The last planner techniques can simplify scheduling the maintenance procedures
in advance, and avoid unnecessary work. The Michigan department of transportation
identified and addressed all construction and maintenance work that needs to be done
in a corridor employing a total weekend closure within a long-term contract project.
Crew for road maintenance, utility, and survey forces worked together during that
time on the same section (Sankar et al. 2006).
ECONOMIC IMPACTS
Economic impacts of work-zones are crash cost, travel delay costs, and vehicle
operation cost. Highway work-zones are hazardous roadway environment for drivers
and workers. To reduce the fatalities, injuries, and crash cost different strategies can
be utilized. Crashes can be reduced by increasing visualization such as using signs
related to speed limits and detours in proper distance from work-zone. FHWA
suggests keeping the work-zone clean and in order, and arranging tools and
equipment will result in significant cost reduction.
Delay time is the additional time necessary to reduce the speed from upstream
speed to the work-zone speed, as well as, the additional time needed to pass the workzone in lower posted speed. Detours also cause delay time due to the extra distance of
the detour route. Vehicle operating cost increases due to speed change, stopping,
queue idling and detours. These costs include fuel consumption, engine oil
consumption, tire-wear, repair and maintenance, and mileage-related depreciation
costs (Mallela and Sadavisam 2011). Travel delays and vehicle operation costs can
also be reduced by implementing the last planner’s techniques. Having a master
schedule and phased schedule helps in planning the repair and maintenance activities
in advance. FHWA indicates if there are multiple rehabilitation tasks that can be done
on one area, those should be scheduled in one work-zone instead of multiple
construction periods which will result in a considerable budget saving. In addition,
improving maintenance and construction practices to reduce number and duration of
work-zones will help reducing travel delay and vehicle operation costs. In Phoenix,
Arizona, design and construction of city water and sewer lines were done in separate
projects in the past, but all the work is now brought under the street transportation
department. Therefore, the work can be done in one contract and result in time and
cost reduction and less disruption (FHWA 2005).
First run studies and using a “Plan, Do, Check, Act” cycle can help with the
continuous improvement of the project. By studying and analyzing all the impacts in
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each phase of the project, we can eliminate them in the next step and improve the
three bottom lines of sustainability in the project.
HYPOTHETICAL CASE STUDY
This section describes how Delaware DOT managed the repair of 6.1 miles of a 30year old section of I-95, and how lean construction techniques could have benefited
them further in their work-zone impact management (FHWA, 2004). The project
started on April 2000 and ended on October 2000. The repair included rehabilitation
of pavement, bridges, the drainage system, lighting, safety features, and 10
interchange ramps. DelDOT used full road closure and a detour with sufficient
capacity. They started a public outreach program two years prior to the project. Their
public information strategy included advertisement in local newspaper, outreach
events, public meetings, and a survival guide distributed to motorists and residents
(FHWA, 2004).
Full road closure was used to minimize the impact of rehabilitation on travelers,
minimize construction time, provide a safer and more efficient work area, and reduce
conflict with motor vehicles. To reduce the impacts of full closure they used
intelligent transportation systems such as cameras, detection devices, and changeable
message signs. To reduce traffic congestion during the full closure, DOT completed
improvements on local routes before the beginning of the closure. Some of these
improvements were adding turn lane capacity, curb and pedestrian improvements, bus
stop enhancements, emergency access ramps, and new interstate access connections.
Intelligent transportation systems such as cameras, detection devices, and changeable
message signs also helped decreasing traffic congestion. Additionally, two new bus
routes and a free rideshare program were provided during the construction (FHWA,
2004).
These work-zone management strategies resulted in reduction of duration and cost
of the project, and increase in quality and safety. However, various lean construction
techniques could have benefited them further in minimizing the impacts caused by the
project.
By developing innovative plans for rehabilitation and using full closure instead of
half-width construction, DelDOT was able to reduce the duration of project from 2
years to 185 days. The use of last planner techniques could have helped them with
further decrease in total duration of project as evident from many other case studies.
In addition, last planer techniques could assist scheduling the construction processes
with excessive noise in appropriate times of the day. There are many residential
buildings close to I-95 along the construction work-zone. By using phase scheduling
techniques DOT could schedule the noisy processes in day time so the noise doesn't
bother residents during night time. Last planner gives an idea about exact duration
and finish time of each phase of the project which improves public information
system. The 5S's of lean eliminates waste caused by construction activities. This
simple technique could also increase the safety of the work zone and reduce the crash
costs. Cleaning and organizing the work-zone in every working day is an easy task
that could have benefited the project in effective ways. DelDOT used innovative and
helpful public outreach practices. However, they could have benefited from using
some other visualization techniques to minimize construction impacts. Using signs
indicating project milestones, schedule, and safety signs inside the work-zone could
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increase the safety of the workers. Daily meetings with construction team members to
discuss their progress and problems could increase the awareness, safety and
productivity of workers. Many businesses such as department stores are located in the
city of Wilmington were affected by closure of the interstate. As a part of their public
outreach plan, DelDOT could have meetings with stakeholders of these businesses
early in the process. If they knew the start and finish time of construction process they
could inform their customers of new routes to their location.
THE LIMITATIONS OF ADOPTING LEAN
Lean techniques have not been applied on construction projects widely due to several
limitations; the nature of construction industry being a major cause. Many agencies
are trying to change construction processes in order to use lean techniques, while,
lean should be more project-oriented and cope with changes in the life cycle of the
project (Demir et al. 2012). In addition, application of lean techniques in public sector
has some barriers. Certain regulations in different states make it difficult for
government agencies to implement lean practices in their projects. Initial
implementation of lean by construction companies can be time consuming. Besides,
lack of communications between project stakeholders may be a major hurdle for
application of lean (Dettman et al. 2014). Salem et al. 2006 mentions that there is a
lack of investment in research on lean construction techniques in the United States.
Construction companies need to take more interest in research and development, and
should train more staff to use lean techniques (Salem et al. 2006).
CONCLUSION
This paper reviews different lean construction tools that can be implemented to
reduce environmental, social, and economic impacts of work-zones. The last planner
techniques help reducing waste and emissions by accelerating the work process. The
5S techniques can reduce waste and minimize costs. Increasing visualization can help
to improve safety and reduce crash costs. It also minimizes the impacts on public and
private properties considerably. Lean techniques have not been used considerably on
road construction and maintenance projects. In order to increase the use of lean
construction in work-zones and minimize the impacts of construction and
maintenance processes, companies need to invest more on research and development,
and train the workers and employers to use lean techniques effectively.
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