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Figure 56. Typical concrete pavement millings from milling operation (Photo courtesy of Dan 

DeGraaf, P.E., Michigan Concrete Paving Association)

Th e milling depth can be feathered into adja-
cent pavements. Milling can be completed on 
specifi c selected sections. Th e coarseness of the 
surface after milling and the fi neness of the 
millings can vary based on the type and spacing 
of milling teeth on the drum (fi gure 56). 

Repairs of Full-Depth 
Unbonded Concrete 
Overlays
Full-depth unbonded overlays typically are 
constructed with dowel basket and lane ties, so 
common concrete pavement repair techniques 
are used. Th ese include partial or full-depth 
repairs, diamond grinding, and joint resealing. 
With thicker overlays (8 in. [200 mm]) subject 
to heavy traffi  c, load transfer restoration can 
also be applied to restore load transfer and 
mitigate joint problems.

When a uniform separation course is used, 
overlay thickness will likely vary, especially 
where super-elevation changes are encountered; 
repairs made in these areas may require provi-
sions to account for additional saw-cut depth.

Standard full-depth concrete removal tech-
niques are used on thicker overlays. However, 
8 to 9 in. (200 to 250 mm) concrete overlays 
have been successfully removed by milling. 
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Appendix A. Evaluation and Selection Tables

Table 12. Distress types and severity levels recommended for assessing concrete pavement structural adequacy

Load-Related Distress Highway Classifi cation
Current Distress Level

Adequate Marginal Inadequate

Jointed plain concrete medium- and high-
severity transverse and longitudinal cracks 
and corner breaks (% slabs)

Interstate/Freeway <5 5 to 10 >10

Primary <8 8 to 15 >15

Secondary <10 10 to 20 >20

Jointed reinforced concrete medium- and 
high- severity transverse cracks and corner 
breaks (#/lane-miles)

Interstate/Freeway <15 15 to 40 >40

Primary <20 20 to 50 >50

Secondary <25 25 to 60 >60

Jointed plain concrete mean transverse 
joint/crack faulting (in.)

Interstate/Freeway <0.10 (2.5 mm) 0.10 to 0.15 (2.5 to 3.8 mm) >0.15 (3.8 mm)

Primary <0.125 (3.2 mm) 0.13 to 0.20 (3.3 to 5.1 mm) >0.20 (5.1 mm)

Secondary <0.15 (3.8 mm) 0.15 to 0.30 (3.8 to 7.6 mm) >0.30 (7.6 mm)

Jointed reinforced concrete mean transverse 
joint/crack faulting (in.)

Interstate/Freeway <0.15 (3.8 mm) 0.15 to 0.30 (3.8 to 7.6 mm) >0.30 (7.6 mm)

Primary <0.175 (4.5 mm) 0.18 to 0.35 (4.6 to 8.9 mm) >0.35 (8.9 mm)

Secondary <0.20 (5.1 mm) 0.20 to 0.40 (5.1 to 10.2 mm) >0.40 (10.2 mm)

Continuously reinforced concrete 
medium- and high-severity punchouts 
(#/lane-miles) 

Interstate/Freeway <5 5 to 10 >10

Primary <8 8 to 15 >15

Secondary <10 10 to 20 >20

Applicability of Bonded Concrete Overlays

Applicability of Unbonded Concrete Overlays

Table 13. Distress types and levels recommended for assessing asphalt and composite pavement structural adequacy

Distress Type Highway Classifi cation
Distress Level

Adequate Marginal Inadequate

Fatigue cracking (% of wheel path area) Interstate/Freeway <5 5 to 20 >20

Primary <10 10 to 45 >45

Secondary <10 10 to 45 >45

Longitudinal cracking in wheel path (ft/mi) Interstate/Freeway <265 (50.2 m/km) 265 to 1060 (50.2 to 200.8 m/km) >1060 (200.8 m/km)

Primary <530 (100.4 m/km) 530 to 2650 (100.4 to 501.9 m/km) >2650 (501.9 m/km)

Secondary <530 (100.4 m/km) 530 to 2650 (100.4 to 501.9 m/km) >2650 (501.9 m/km)

Composite pavement refl ection cracking crack 
width (in.)

Interstate/Freeway <0.50 (12.7 mm) 0.25 to 0.50 (6.4 to 12.7 mm) >0.50 (12.7 mm)

Primary <0.50 (12.7 mm) 0.50 to 0.75 (12.7 to 19.1 mm) >0.75 (19.1 mm)

Secondary <0.50 (12.7 mm) 0.50 to 0.75 (12.7 to 19.1 mm) >0.75 (19.1 mm)

Transverse crack spacing (ft) Interstate/Freeway >200 (61.0 m) 100 to 200 (30.5 to 61.0 m) <100 (30.5 m)

Primary >120 (36.6 m) 60 to 120 (18.3 to 36.6 m) <60 (18.3 m)

Secondary >120 (36.6 m) 60 to 120 (18.3 to 36.6 m) <60 (18.3 m)

Mean depth of rutting in both wheel paths (in.) Interstate/Freeway <0.25 (6.4 mm) 0.25 to 0.40 (6.4 to 10.2 mm) >0.40 (10.2 mm)

Primary <0.35 (8.9 mm) 0.35 to 0.60 (8.9 to 15.2 mm) >0.60 (15.2 mm)

Secondary <0.40 (10.2 mm) 0.40 to 0.80 (10.2 to 20.3 mm) >0.80 (20.3 mm)

Shoving (% of wheel path area) Interstate/Freeway None 1 to 10 >10

Primary <10 10 to 20 >20

Secondary <20 20 to 45 >45

Applicability of Bonded Concrete Overlays

Applicability of Unbonded Concrete Overlays
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Appendix B. Sample Geotextile Specifi cations 
(Germany) 
Th e following specifi cations for geotextile interlayers in Germany are taken from Rasmussen (2008).

Design Specifi cations

* Specifi cations must be met for 95% of samples.
† 60% maximum is recommended as a better practice.

Quality Control
• Th e fi rst sample of fabric is taken after placement of 1,200 yd2  (1,000 m²)

• Second sample after 12,000 yd2 (10,000 m²)

• One sample every 12,000 yd2 (10,000 m²) thereafter.

• Samples are 1.20 yd2 (1 m²) in size.

• Testing of samples to meet requirements is on a diff erent schedule for each requirement.

Cost
• Material cost for the geotextile appears to be $1.50 to $2.00 per yd2 (circa 2008)

• Installation cost is on the order of $0.50 per yd2 (circa 2008)

Property Requirement*

Fabric Type Non-woven Geotextile• 
Uniform color• 

Mass per unit area ≥ 13.3 oz/yd2 (450 g/m²)
≤ 16.2 oz/yd2 (550 g/m²) 

Thickness
       under load (pressure)

0.29 psi (2 kN/m²): ≥ 0.12 in. (3.0 mm)
2.9 psi (20 kN/m²): ≥ 0.10 in. (2.5 mm)
29 psi (200 kN/m²): ≥ 0.04 in. (1.0 mm)

Tensile strength ≥ 685 lb/ft (10 kN/m)

Maximum elongation ≤ 130% †

Water permeability in normal direction
       under load (pressure)

≥ 3.3×10-4 ft/s (1×10-4 m/s)
       [under pressure of 2.9 psi (20 kN/m²)]

Water permeability in the plane direction of the fabric (transmittivity)
       under load (pressure)

≥ 1.6×10-3 ft/s (5×10-4 m/s)
       [under pressure of 2.9 psi (20 kN/m²)]
≥ 6.6×10-4 ft/s (2×10-4 m/s)
       [under pressure of 29 psi (200 kN/m²)]

Weather resistance Resistance ≥ 60% (per EN 12,224)

Alkali resistance ≥ 96% Polypropylene/Polyethylene
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Appendix C. Innovative Methods for Accelerated 
Concrete Overlay Construction
Th e following table provides a summary of innovative accelerated construction methods (adapted from Simon et al. 2003).

Method Applicability / Limitations Pros(+) / Cons(-)

Formal partnering with design 
consultants, contractors, local 
authorities, and regulatory agencies

This method has not been used • 
very much with designers or other 
agencies.

Little training has been done and • 
much skepticism is in place regarding 
this method. 

+ Provides a faster and cheaper construction process due to reduction of confl icts, 
litigation, and claims (win-win situation)

+ Brings about continuous improvement in the quality of services and products

+ Utilizes resources more effectively

+ Implements easily because is already being used on an informal basis

+ Improves communications

– Limits completive market strategy

– Creates strong dependency on the partners

Methods for expediting utility 
relocation work

In highway construction, the need for • 
the relocation of utilities often arises, 
particularly in urban areas.

Relocation is handled primarily by • 
utility companies.

Currently, there is little recourse • 
that can be taken against utilities for 
delays. 

Utilities have to pay for relocations.• 

+ Encourages project managers to develop more economical means and methods

+ Shortens project execution by using less formal documentation and improving 
communication

+ Reduces executive personnel

+ Produces more continuity during the project 

– Brings about need for independent engineers to check PMs’ work

– Encourages overcoming the “specialist mindset” of the organization

Intelligent Transportation Systems 
(ITS) and work-zone traffi c control

Applicable areas include but are • 
not limited to traffi c control, route 
guidance, automated highway 
systems, collision avoidance, 
en-route driver information, 
transportation demand management, 
etc.

+ Increases safety

+ Reduces congestion

+ Enhances mobility

+ Minimizes environmental impact

+ Increases energy effi ciency

+ Promotes economic productivity for healthier economy

– Requires additional training of employees 

– Includes costs to implement

Public input on phasing of 
construction

This method is applicable on • 
construction projects where there is 
a signifi cant impact on the public.

+ Allows for more expeditious construction methods to be employed

– Requires more public relations effort earlier

Multiple approaches to Traffi c 
Control Plans (TCPs)

TCP solutions for small simple • 
jobs are often apparent, but 
otherwise they should be thoroughly 
investigated earlier in the process.

+ Reduces both construction costs and user costs through optimal TCPs

– Requires larger consultant fees for development because of more thorough TCP 
analysis

Descriptive catalog of construction 
technologies

Applicability of new technologies • 
could be widespread, but 
specifi cations may be affected.

+ Provides an online catalog that could easily be accessed and supported by FHWA 
and other states

– Requires effort for maintenance and upkeep of the catalog

Contractor preparation of the TCP 
based on minimum requirements

This approach will encourage • 
contractor innovation, but may be 
possible only on smaller, simpler 
projects.

+ Reduces efforts

+ Provides incentive for construction innovation

– Increases costs 

– Excludes impact on local businesses

– Means that contractor compliance with safety standards may be challenging

Linear Scheduling Method (LSM) 
and accurate productivity to rate 
data and establish project target 
duration 

This method can be used for • 
repetitive projects in which there are 
no strict dependencies/constraints 
between project activities.

Resurfacing overlays and shoulder • 
improvement are good types of 
projects for the LSM.

+ Provides a better understanding of the project

+ Enables the planner to determine when and where a change in resources must 
take place to satisfy the goals set by the project

+ Helps identify existing relationships and encourages the project team to try 
different alternatives

+ Shortens schedule by overlapping activities instead of sequencing

– Scheduling projects involving large cuts and fi lls might be more diffi cult to 
schedule with LSM

Table 14. Applicability, pros, and cons of various accelerated construction methods
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Method Applicability / Limitations Pros(+) / Cons(–)

A+B contracting (costs plus time) A+B bidding can be used to motivate • 
the contractor to minimize the 
delivery time for high priority and 
highly traffi cked roadways.

There must be a balance between the • 
benefi ts of early completion and any 
increased cost of construction.

This approach requires incentives • 
and disincentives to be effective.

+ Includes consideration of the time component of a construction contract

+ Includes favorable treatment of contractors with the most available resources to 
complete the project

+ Involves incentives for contractors to compress the construction schedule

+ Includes greater potential for early project completion

– Requires that incentives and disincentives are carefully managed

– Means that costs are defi ned whereas benefi ts are distributed to the public

Contractor milestone incentives Incentives must be relevant.• 

Goals must be reachable.• 

Incentives cannot be confl icting.• 

+ Encourages contractors to fi nish on time

– Causes impacts to contractors to be highly scrutinized

– Causes disagreements over compensable delays that may be problematic

Packaged multi-primes contracting This method can be used when a • 
specifi c highway project is composed 
of several major segments or is very 
large.

+ Increases competition among construction bidders

+ Reduces pyramiding of costs, particularly overhead and profi t

+ Reduces project time through overlap of design and construction or from multiple 
work forces

+ Requires more direct control by the project owner

– Presents interface management challenges for the agency

– Leads to physical interferences between contractors

Pre-qualifi ed bidders based on past 
schedule performance

Bidders qualify based on several key • 
items, including specifi c project type 
experience, individual experience, 
past performance, capacity of the 
fi rm, and the primary fi rm location. 

+ Provides a shorter and easier selection process

+ Provides possibly better contractors

– Reduces the competition

– Requires that schedule performance data are well kept

– Requires that agency and other noncontractual schedule impacts are recognized 
and equitably settled

Incentives for TCP development 
with a contractor who values an 
engineering cost-savings sharing 
provision 

To use this method, seek involvement • 
of local municipalities in funding the 
incentive (e.g., 5% of estimated user 
cost savings).

This method requires close scrutiny • 
to determine actual time savings.

+ Leads to innovative ideas for successful TCPs

– Means that savings are diffi cult to estimate

Incentives for contractor work 
progress with a lane-rental 
approach

Incentives must be explicitly • 
described in the bid package.

Rental rates have to be signifi cant • 
and should address high impact 
lanes.

+ Leads to innovative ideas for successful TCPs

+ Minimizes contractor impact on the traffi c

– Causes administration to be diffi cult

Increased amount of liquidated 
damages and routine enforcement

Just as important as the damages • 
happening in the contract are the 
claims made for damages. The time 
and effort involved in pursuing these 
claims is, however, a limitation. This 
should be weighed against potential 
benefi ts.

Possibly provide incentives to fi nish • 
projects ahead of time.

+ Motivates better contractor performance

– Requires rigorous documentation and quick request for information (RFI) response 
to enforce

“No excuse” incentives These incentives preclude delay • 
claims by contractors, give 
contractors incentives to fi nish early, 
and require a realistic schedule. 

+ Results in considerable improvements in schedule performance

– Transfers risk to contractor and therefore may increase costs on the average over 
time

Tools and best practices for 
implementing multiple work shift 
and/or night work

New technologies (such as intrusion • 
alarms), modifi ed traffi c control plans, 
and new methods to monitor traffi c 
provide improvements in night work-
zone safety.

These improvements will lead to high • 
nighttime productivity.

+ Increases safety for road users and workers

+ Reduces user costs

+ Provides faster completion time

– Requires research and design costs

Table 14. Applicability, pros, and cons of various accelerated construction methods, continued
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Method Applicability / Limitations Pros(+) / Cons(–)

Exploitation of web-based team 
collaboration system

To be effi cient, access to information • 
is needed quickly and without 
hassle.  A web-based system can be 
used to track project deliverables, 
track project tasks online, receive 
email alerts as items become due, 
share documents, and reduce 
administrative document production 
and delivery cost by uploading 
documents. This is handy for CAD 
drawings or anything else that needs 
to be shared with the project team. 

+ Enhances project communication

+ Eases collaboration with project managers, designers, contractors, vendors, and 
the public

+ Keeps everyone in the loop

+ Allows tracking of project online which minimizes time taken and enhances 
performance

– Requires high installation and learning costs 

– Lacks standards

Encouragement of the use 
of automated construction 
technologies

Numerous research and • 
implementation efforts are currently 
underway to automate conventional 
infrastructure construction, condition 
assessment, and maintenance 
actives such as earth moving, 
compaction, road construction, and 
maintenance. 

Commercial systems are available• 

+ Results in possible savings

+ Presents opportunity for signifi cant schedule compression

– Requires some training

– Requires contractor implementation 

Employment of methods for 
continuous work zones

These methods can be used where • 
road geometry and weekend or night 
scheduling permit.

+ Decreases duration and unit costs

+ Increases safety

– Results in possible higher user costs and traffi c congestion

Use of windowed milestone This method can be used where • 
milestone dates are not based on 
hard constraints.  Milestones should 
be related to allow the contractor 
maximum fl exibility in effi ciently 
allocating project resources.

+ Lowers project costs

+ Lowers user costs 

– Reduces ability to “hold contractors’ feet to the fi re”

Schedule of calendar day projects Scheduling calendar day projects • 
is applicable to projects where the 
completion is critical and a large 
volume of traffi c is affected.

+ Produces better weather management

+ Provides a direct method of expediting

– Requires strict adherence to the schedule for credibility with the public, even with 
breakdowns or weather problems

Construction time shortened by full 
closure of the roadway instead of 
partial closure

Full closure could be used in areas • 
where there is at least one alternative 
route for drivers and where volume 
is limited.

+ Shortens construction time

– Causes possible traffi c congestion on alterative routes

Duration and productivity effects 
tracked and associated with 
different technologies

Data collected can be very useful in • 
cost and time estimation for optimal 
plans.

Technology choices may be limited, • 
however, by project conditions and 
logical equipment spreads.

+ Produces quicker and more dependable exploitation of new technologies

– Requires personnel to devote time to properly monitor and record data

– Can be perceived as costly

Optimal approaches to crew shifts 
and scheduling to eliminate long 
work hours

The schedule can be shortened • 
through use of additional crews on 
regular shift, multiple shifting, or 
selective overtime.

Scheduled overtime can be used • 
where appropriate but effects should 
be evaluated carefully.

+ Provides possible cost savings

+ Increases productivity

+ Reduces cycle time of tasks which improves the schedule

– Creates possible negative results if planning is done carelessly

– Creates a necessity for contractor to implement

Selected fi eld personnel trained in 
scheduling methods and claims

Schedule fl exibility may be minimal in • 
practice, but for complex jobs a broad 
understanding of scheduling issues 
should help expedite progress.

+ Creates a fl exible and quick-to-adapt project team

+ Leads to faster project completion

– Leads to possibly too many people trying to manage

Lessons learned database on ways 
to expediate schedules

This database would be broadly • 
applicable but limited by legal and 
policy constraints.

+ Requires quick reference for implementation of expediting measures

– Creates a need for the database to be maintained

Table 14. Applicability, pros, and cons of various accelerated construction methods, continued
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