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Abstract
The U.S. Army Engineer Research and Development Center evaluated
tools and procedures for removing small surface irregularities in airfield
pavement repairs that cause unacceptable roughness for aircraft. A
desirable tool could grind pavement surfaces smooth and flush. A Flatliner
cold planer skid steer attachment was identified as a potential device and
was used in a field evaluation. The field evaluation considered production
rate, smoothness of the treated pavement, and tooth wear for airfield
pavement repairs made on Portland cement concrete, rapid-setting
cementitious concrete, and asphalt concrete mixtures.
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Introduction

1.1

Background
The U.S. Air Force Air Combat Command initiated the Airfield Damage
Repair (ADR) Modernization Program to improve capabilities for returning
damaged airfields to service. A major component of the program includes
new procedures and equipment for replacing the pavement surface layers
with Portland cement concrete (PCC), rapid-setting cementitious concrete
(RS), and asphalt concrete (AC) (Barna et al. 2010, Priddy et al. 2013a,
Priddy et al. 2013b, Tingle et al. 2009, Priddy et al. 2008, and Priddy et al.
2007).
Repairing craters in airfield pavements involves marking the crater repair
area, saw-cutting the edges of the repair, breaking and excavating material
within the repair, backfilling the crater with acceptable materials, and then
capping with an asphalt or cementitious surface layer. The equipment and
methods available for placing the surface layer are occasionally incapable
of providing an adequately smooth surface, as shown in Figure 1.
Smoothness is a critical aspect of airfield pavements to prevent damage to
aircraft. Typical pavement surface grinders have conical grinding teeth
that are incapable of providing a pavement surface texture similar to the
original pavement. The small ridges left by these devices can act as a tire
hazard or allow aggregate to dislodge from the pavement, causing risks to
jet engine damage. A smoothing attachment is needed that has flat teeth
and can grind a pavement to an extremely smooth finish.

1.2

Objective
The Airfields and Pavements Branch (APB) of the U.S. Army Engineer
Research and Development Center (ERDC), Vicksburg, Mississippi, was
tasked by the U.S. Air Force Civil Engineer Center to evaluate a pavement
smoothing attachment as a potential tool for removing irregularities in the
surface of repairs made to small craters in airfield pavements. The
evaluation included measuring the time required to perform the necessary
grinding and the overall grinding efficiency. Specific objectives
investigated were the ability of the cold planer to:
•

Smooth a deficient crater repair to meet roughness tolerances

1
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•
•
•
•

2

Smooth upheaval around a crater
Smooth pavement deficiencies near an aircraft arrestor system
Trench pavement to create a bed for installing protective panels
beneath an aircraft arresting system
Trench pavement to create a flush AM2 airfield matting repair
Figure 1. Inadequate concrete pavement repair surface.

1.3

Scope
The scope of the study was to assess the efficiency and effectiveness of the
selected pavement smoothing attachment through a field evaluation. The
field evaluation consisted of building various surface deficiencies into
twelve crater repairs and removing these deficiencies with a cold planer
attachment. The Flatliner cold planer, designed and manufactured by
Keystone Engineering Inc., was used for the field evaluation.
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3

Test Site Preparation and Construction
The test site chosen for the evaluation was the ADR test site at the ERDC.
The preparation consisted of constructing twelve crater repairs with
various surface deficiencies. Of the twelve crater repairs, six were PCC,
three were RS, and three were AC. The mix designs for these three
materials are in Appendix B. Two different aggregate types were used in
the PCC repairs since the type of aggregate has shown to be a major factor
in the performance of concrete cutting in previous ADR crater repair
studies (Edwards et. al 2015, Bell et. al 2015). These aggregates
represented soft (limestone) and hard (chert) aggregates. Different surface
deficiencies included “ridges” of varying heights and a large “dome” of
excessive height as shown in Figure 2. Overall crater repairs were
approximately 8.5-ft square.
Figure 2. Target deficiencies for crater repairs.

2.1

Demolition of existing craters
Prior to the construction of the target crater repairs, existing crater repairs
had to be removed and cleaned. Approximately 1 ft of concrete was
removed from the cap of the existing craters. This was performed by
breaking the craters into small pieces using a Volvo EC220DL high impact
jackhammer attachment for an excavator, shown in Figure 3.
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Figure 3. Breaking existing crater repairs with high impact jackhammer.

Once the craters were broken into smaller, manageable pieces, a miniexcavator and skid steer with front bucket attachment was used to remove
the remaining concrete and clean the test site, as shown in Figure 4. Once
the debris was removed from the crater, crushed limestone was placed in
the crater to a depth of approximately 8 in. below the surface and
compacted to reduce the amount of capping material required.
Figure 5 shows the completed breakout of an existing crater repair as well
as the props used to construct the target concrete crater repairs.

2.2

PCC crater repairs for target deficiencies
PCC pavement repairs with specific surface deficiencies were performed
on 31 March 2015 (Figure 2). A total of nine personnel completed three
PCC crater repairs on the south portion of the test site during the morning,
herein labeled as Repair 1, Repair 2, and Repair 3. All personnel returned
in the afternoon to complete PCC crater Repair 4, Repair 5, and Repair 6
on the north portion of the test site. Trowels, shovels, and rakes were used
to form the concrete to the desired deficiencies. Short scaffolds that
spanned the length of the repair were used to reach the inner portion of
the repairs. Straight-edged metal beams were used to check levelness and
heights of the ridges and dome. These techniques are shown in Figure 6,

4
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Figure 7, and Figure 8. The desired slump for the PCC mix was 2 in. in
order to easily shape the pavement surface. The design compressive
strength of the PCC was 5,000 psi.
Figure 4. Removal of exiting crater repairs and site cleanup.

Figure 5. Completed breakout of existing crater.
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Figure 6. Placing PCC in Repair 1.

Figure 7. Using short scaffold to form center of repairs.
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Figure 8. Forming PCC deficiencies using straight-edge beam.

2.3

Rapid-setting concrete crater repairs for target surface
deficiencies
The RS crater repairs for the target surface deficiencies shown in Figure 2
were completed on 23 June 2016. Using similar methods as described in
Section 2.2 of this report, personnel removed and cleaned the existing
craters prior to construction of the RS craters. The simplified volumetric
mixer was used to place the RS and is shown in Figure 9.
A total of eleven personnel completed three RS concrete crater repairs on
the south portion of the ADR test site during the morning, herein labeled
as Repair 1A, Repair 2A, and Repair 3A. Trowels, shovels, and rakes were
used to form the concrete to the desired deficiencies. Short scaffolds that
spanned the length of the repair were used to reach the inner portion of
the repairs. Straight-edged, metal beams were used to check levelness and
heights of the ridges and dome. These techniques are shown in Figure 10
and Figure 11.
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Figure 9. Simplified volumetric mixer during operation.

Figure 10. Placing RS concrete into crater Repair 1A.
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Figure 11. Forming RS concrete repairs to desired surface deficiencies.

2.4

AC crater repairs for target deficiencies
On 25 June 2015, ten personnel began construction on the AC crater
repairs for the target surface deficiencies shown in Figure 2. The AC mix
was dumped on an adjacent, clean concrete pad close to the crater repairs,
as shown in Figure 12. The material was then transported to Repair 4A,
Repair 5A, and Repair 6A using a skid steer with front bucket attachment,
as shown in Figure 13.
Using hand rakes and shovels, the material was shaped to obtain the target
surface deficiencies. A small, tandem vibratory roller, shown in Figure 14,
was used to compact the repairs. Multiple passes were made on the repairs
to attempt to achieve the greatest density possible using the small roller. A
walk-behind vibratory plate compactor was used to finish the surface of all
repairs. Figure 15 shows a completed AC crater repair.

9
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Figure 12. AC mixture placed on clean concrete slab.

Figure 13. AC transported to crater repairs using skid steer.
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Figure 14. Compaction of AC using a small, tandem vibratory roller.

Figure 15. Completed AC crater repair.
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Although much care and precision was taken to construct the target surface
deficiencies shown in Figure 2, researchers found it difficult to create the
actual target surface deficiencies. As a result, profilometer data and LiDAR
data were obtained before and after grinding all crater repairs. These data
collection techniques are further described in Chapter 3 of this report.
Although Table 1 describes all the target deficiencies for each crater, the
profile data provide a more accurate assessment of what was constructed.
The LiDAR data provide accurate volumetric measurements of the crater
repairs before and after removal of material using the cold planer. The
analysis and results are based on the as-constructed surface deficiencies of
the crater repairs and not the target surface deficiencies (Table 1).
Table 1. Description of crater repairs and target surface deficiencies.
Repair Name

Repair Type

Target Surface Deficiency

Repair 1

PCC (Chert gravel)

1.5-in. ridge, north edge 0.75-in.
ridge, south edge

Repair 2

PCC (Chert gravel)

2.0-in. ridge, north edge 1.0-in.
ridge, south edge

Repair 3

PCC (Chert gravel)

1.5-in. dome

Repair 4

PCC (Limestone aggregate)

1.5-in. ridge, north edge 0.75-in.
ridge, south edge

Repair 5

PCC (Limestone aggregate)

2.0-in. ridge, north edge 1.0-in.
ridge, south edge

Repair 6

PCC (Limestone aggregate)

1.5-in. dome

Repair 1A

RS

1.5-in. ridge, north edge 2.0-in.
ridge, south edge

Repair 2A

RS

0.75-in. ridge, north edge 1.0-in.
ridge, south edge

Repair 3A

RS

2.0-in. dome

Repair 4A

AC

1.5-in. ridge, north edge 2.0-in.
ridge, south edge

Repair 5A

AC

0.75-in. ridge, north edge 1.0-in.
ridge, south edge

Repair 6A

AC

2.0-in. dome
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Test Methods
Procedures for evaluating the performance of the Flatliner cold planer
included LiDAR 3-D imaging, profile measurements, time to effectively
smooth the deficiencies within specified tolerances, and time to replace
bits on the grinding drum. This chapter describes the methods and
materials used to collect the data for the evaluation.

3.1

LiDAR 3-D imaging
APB researchers collaborated with ERDC’s Environmental Laboratory to
obtain LiDAR high-resolution 3-D scans of each crater repair before and
after grinding to determine the total volume of material removed after
planing with the Flatliner. To establish a high level of control and accuracy,
a traditional land survey was performed on the entire test site. Two GPS
points were established using RTK GPS and were sent to the Online
Positioning User Service (OPUS) for precise corrections. Using the two GPS
Control points, a conventional survey was performed using a robotic total
station. Ten permanent control hubs (benchmarks), shown in Figure 16,
were embedded at various locations within the test site. Figure 17 shows a
survey rod with a LiDAR registration target on a benchmark during data
collection.
Figure 16. One of ten survey benchmarks embedded within concrete test pad.
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Figure 17. LiDAR registration target.

LiDAR scans were conducted using the Trimble FX 3-D LiDAR Scanner,
shown in Figure 18, to obtain a preliminary 3-D model of the test site
primarily focusing on the crater repairs of interest.
Figure 18. Trimble FX 3-D LiDAR Scanner.
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All LiDAR scans were processed using the FX Controller and registered
together using Trimble Realworks Advanced software packages. Surfaces
were generated for all crater repairs before and after planing the surfaces
with the Flatliner. An example of a LiDAR scan before planing, after one
pass on each ridge of the Flatliner, and multiple passes with the Flatliner
are shown in Figure 19, Figure 20, and Figure 21, respectively.
Figure 19. LiDAR scan prior to planing.
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Figure 20. LiDAR scan after one pass using the Flatliner.
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Figure 21. LiDAR scan after multiple passes with the Flatliner.

Using the LiDAR 3-D scans, profiles of the surface for each crater were
displayed with the Trimble RealWorks software. Figure 22 shows a profile
view of one crater prior to planing (red line), after one pass with the
Flatliner (green line), and multiple passes (yellow line). LiDAR scans
before planing, after one pass, after multiple passes from top of image to
bottom of all the crater repairs are shown in Figures 23 through 34.
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Figure 22. Profile view of LiDAR scans at various pass intervals with the Flatliner.

Figure 23. Crater Repair 1 LiDAR scans.

Before

After 1 Pass

Final Surface

ERDC/GSL TR-16-13

19

Figure 24. Crater Repair 2 LiDAR scans.

Before

After 1 Pass

Final Surface

Figure 25. Crater Repair 3 LiDAR scans.

Before

After 4 Passes

Final Surface
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Figure 26. Crater Repair 4 LiDAR scans.

Before

After 1 Pass

Final Surface

Figure 27. Crater Repair 5 LiDAR scans.

Before

After 1 Pass

Final Surface
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Figure 28. Crater Repair 6 LiDAR scans.

Before

After 4 Passes

Final Surface

Figure 29. Crater Repair 1A LiDAR scans.

Before

After 1 Pass

Final Surface
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Figure 30. Crater Repair 2A LiDAR scans.

Before

After 1 Pass

Final Surface

Figure 31. Crater Repair 3A LiDAR scans.

Before

After 3 Passes

Final Surface
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Figure 32. Crater Repair 4A LiDAR scans.

Before

After 1 Pass

Final Surface

Figure 33. Crater Repair 5A LiDAR scans.

Before

After 1 Pass

Final Surface
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Figure 34. Crater Repair 6A LiDAR scans.

Before

After 3 Passes

Final Surface

3.2

Profile measurements
Profile measurements were recorded using a profiler device (Figure 35)
developed by the APB. The profiler device was constructed by drilling
multiple holes through a 9-ft-long, 1.5-in.-wide by 3.5-in.-tall straight-edge
timber. The holes were driven large enough for the spike nails to slide freely
within the device, projecting the pavement surface as the spacing between
the timber and nail head. The spacing between each nail head center was
approximately 1.75 in., providing 64 height measurements across the crater.
Variances in height were measured with a ruler and recorded from north to
south across the crater repairs. These data were collected for each crater
repair in three locations: west edge, center, and east edge. These data were
used to provide profiles of the as-constructed repairs.
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Figure 35. Profile measuring device.

3.3

Time trials
A standard stopwatch was used to record and sum the time for the
Flatliner to make one pass over each of the surface deficiencies in each
crater repair. In addition to recording the time of each pass, the time to
plane the surface smooth was summed and recorded. Numerous passes
were sometimes needed to plane the surface of larger deficiencies.
3.3.1 Grinding efficiency
During the planing of the crater repairs, the time needed to flush the
surface of the crater repair with the surrounding concrete and the volume
removed (as determined by the LiDAR 3-D scans) were used to determine
how efficient the Flatliner was able to flush the surface to acceptable
tolerances. This information is important to know when constructing
expeditionary repairs on active runways, taxiways, and aprons. If the
repairs fail to meet smoothness criteria, the time needed to plane the
surface is valuable to airfield managers, airfield personnel, and
base/ground control.
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3.3.2 Replacing bits
On 19 May 2015, personnel removed and replaced all 108 bits on the
Flatliner’s drum (3 ft wide). Four persons successfully completed this task
in approximately 2 hr and 15 min. This process was completed by using
two persons, each with a socket wrench, starting on opposite sides of the
drum and loosening each bit so it could easily be removed by hand (shown
in Figure 36. The other two persons followed behind, cleaning the bit
housing, installing a new bit, and hand tightening the new bit. Once
finished with loosening all the old bits, the new bits were tightened to
100 ft-lb of torque. A close up view of the Flatliner’s bits and housing is
shown in Figure 37. This process was completed two more times within
this study. Detailed instructions on replacing the bits of the Flatliner are in
Appendix A: Flatliner operator’s manual.
Figure 36. Replacing bits on Flatliner’s drum.
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Figure 37. Close up view of the Flatliner bits and housing.
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Flatliner Evaluation on Surface
Deficiencies
A total of four demonstrations were conducted on the target surface
deficiencies using the Flatliner. At the completion of each demonstration,
the bits were checked and/or changed. In addition, profilometer data and
LiDAR data were recorded between planing passes to quantify grinding
efficiency. The same ERDC operator for the Flatliner was used throughout
the duration of this study for consistency.

4.1

PCC with chert aggregate and limestone aggregate
On 19 May 2015, the first demonstration of the Flatliner on crater Repairs
1, 2, 3, 4, 5, and 6 was performed. These crater repairs included three PCC
mixtures with chert aggregate and three PCC mixtures with limestone
aggregate. The details of these repairs are presented in Table 1. For this
demonstration, Repairs 1, 2, 4, and 5 each received one pass down each
ridge of the craters. The planing of the 1.5-in. ridge (north side of crater
Repair 1) is shown in Figure 38. The surface of crater Repair 1 is shown in
Figure 39 after one pass. The time was recorded for each pass to assess the
grinding efficiency of the Flatliner.
Figure 38. Planing 1.5-in. ridge of crater Repair 1 on north side of repair.

28

ERDC/GSL TR-16-13

29

Figure 39. Surface of crater Repair 1 after one pass with Flatliner.

Crater Repairs 3 and 6 each contained a 1.5-in. dome and received four
equal passes across the crater starting on the north side and working south
as shown in Figure 40.
Figure 40. Planing 1.5-in.dome of crater Repair 6 with four equal passes.
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At the completion of the first demonstration, the entire test section was
cleaned, and profilometer data and LiDAR scans were completed. Once
the data were collected, the second demonstration commenced on 01 June
2015 when all crater repairs received multiple passes. All crater repairs
were planed to the point of flush with the surrounding pavement, to the
human eye determined by researchers.

4.2

RS concrete and AC
On 08 July 2015, the third demonstration was performed. This
demonstration included three RS crater repairs (crater Repairs 1A, 2A, and
3A) and three AC repairs (crater Repairs 4A, 5A, and 6A) as described in
Table 1. As with the first demonstration, each ridge on crater Repairs 1A,
2A, 4A, and 5A received only one pass. Crater Repairs 3A and 6A each
received three equal passes across the repairs, as shown in Figure 41. The
entire test section was cleaned, and profilometer data and LiDAR scans
were conducted.
Figure 41. Planing 2-in.dome of crater Repair 6A with three equal passes.

30

ERDC/GSL TR-16-13

31

The fourth and final demonstration commenced on 09 July 2015 when all
crater repairs received multiple passes. The repairs were planed to the point
of flush with the surrounding pavement, to the human eye determined by
researchers. Repair 1A and Repair 4A are shown in Figure 42 and Figure 43,
respectively.
Figure 42. Repair 1A (RS) after multiple passes with the Flatliner.

Figure 43. Repair 4A (AC) after multiple passes with the Flatliner.

ERDC/GSL TR-16-13

5

Results and Discussion
Data that were collected during the grinding of each crater included
LiDAR 3-D imaging, profile measurements, time to effectively smooth the
deficiencies, and time to replace bits on the grinding drum. This chapter of
the report presents and discusses the data collected during the course of
the evaluation.

5.1

LIDAR 3-D imaging
As previously discussed in Section 3.1, LiDAR scans were taken before,
after one pass, and after multiple passes with the Flatliner. With these
scans, researchers were able to process the data and accurately compute
the total volume removed after each planing phase. These data were also
used with Trimble RealWorks software to create 3-D imaging of each
crater repair, as shown in Figure 44.
Figure 44. LiDAR 3-D scan of crater Repair 2A prior to planing with Flatliner.

Table 2 contains the LiDAR post-processed data with respect to volume
removed after single and multiple passes with the Flatliner. These data
were used in conjunction with the time trials to assess the grinding
efficiency of the Flatliner.
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Table 2. Post-processed LiDAR data, volume of material removed.
Crater Repair Crater Repair Material

5.2

Volume Removed,
First Pass (ft3)

Volume Removed,
Multi-Pass (ft3)

Total Volume Removed
(ft3)

1

PCC (Chert)

1.351

0.919

2.271

2

PCC (Chert)

1.007

1.658

2.665

3

PCC (Chert)

3.030

-0.018

3.012

4

PCC (Limestone)

2.499

2.496

4.995

5

PCC (Limestone)

1.715

1.965

3.680

6

PCC (Limestone)

2.655

1.258

3.913

1A

RS

2.696

0.430

3.126

2A

RS

1.167

1.058

2.225

3A

RS

4.207

0.213

4.420

4A

AC

6.840

4.607

11.447

5A

AC

5.772

2.548

8.320

6A

AC

8.317

2.697

11.014

Profile measurements
Profile measurements (described in Section 3.2) were also collected prior
to and after one pass and after multiple passes with the Flatliner. Three
data sets for each crater and planing phase were recorded, including the
west-third, center-third, and east-third. To quantify the height of material
(PCC) the Flatliner can remove after one pass, the center-third of crater
Repairs 1, 2, 3, 4, 5, and 6 are represented in Figures 45 through 50.
After analyzing the data from Figures 45 through 50, the Flatliner was
capable of removing approximately 0.8 in. of PCC with one pass. Also, the
different aggregates (chert and limestone) used in the concrete mixture
did not seem to affect how much volume the Flatliner could remove,
although the chert mixtures tended to require more time to remove.
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Figure 45. Profile view of crater Repair 1 before and after planing phases.

Height (in.)

PCC Chert Mix, 1.5" and 0.75" Ridge
Profile
2.2
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Original Surface
1-Pass
Multi-Pass

0

20

40

60

80

100

120

Distance (in.)

Figure 46. Profile view of crater Repair 2 before and after planing phases.
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Figure 47. Profile view of crater Repair 3 before and after planing phases.
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Figure 48. Profile view of crater Repair 4 before and after planing phases.
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Figure 49. Profile view of crater Repair 5 before and after planing phases.
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Figure 50. Profile view of crater Repair 6 before and after planing phases.
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To quantify the height of material (RS concrete and AC) the Flatliner can
remove after one pass, the center-third of crater Repairs 1A, 2A, 3A, 4A,
5A, and 6A are represented in Figure 51 through 56.
Figure 51. Profile view of crater Repair 1A before and after planing phases.
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Figure 52. Profile view of crater Repair 2A before and after planing phases.
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Figure 53. Profile view of crater Repair 3A before and after planing phases.
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Figure 54. Profile view of crater Repair 4A before and after planing phases.
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Figure 55. Profile view of crater Repair 5A before and after planing phases.
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Figure 56. Profile view of crater Repair 6A before and after planing phases.
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After analyzing the data from Figures 51, 52, and 53, the Flatliner was
capable of removing approximately 1 in. of RS concrete with one pass,
which was approximately the same average achieved on the PCC crater
repairs. After analyzing the data from Figures 54, 55, and 56, the Flatliner
was capable of removing approximately 2.47 in. of AC with one pass.

5.3

Time trials
The time needed for the Flatliner to make each pass was recorded and the
data compiled during the duration of all demonstrations. Only the time
during operation was recorded (Table 3). The time required for lining up
passes and moving positions was not recorded.
Table 3. Compiled time of the Flatliner during operation.
Crater
Repair

Repair Material

One pass
(minutes)1

Multi-pass
(minutes)2

Total
(minutes)3

1

PCC (Chert)

2.23

2.62

4.85

2

PCC (Chert)

2.26

3.38

5.64

No

Record4

3

PCC (Chert)

26.00

26.00 4

4

PCC (Limestone)

1.88

9.78

11.66

5

PCC (Limestone)

2.33

5.38

7.71

6

PCC (Limestone)

12.00

3.05

15.05

1A

RS

3.02

1.90

4.92

2A

RS

3.05

3.00

6.05

3A

RS

9.03

6.63

15.66

4A

AC

6.13

1.78

7.91

5A

AC

4.08

1.15

5.23

6A

AC

9.83

2.18

12.01

1

The total time to make one complete pass for each ridge on crater Repairs 1, 2, 4, 5, 1A, 2A, 4A, and
5A. Total time to make equal passes across entire surface of "Dome" on crater Repairs 3, 6, 3A, and
6A.

2

The total time to plane the surface of the crater repairs to flush with surrounding pavement.

3

The sum of all times to plane the surface of the crater repairs to flush with surrounding pavement.

4

Time for equal single pass across entire surface, no record for multi-pass times.

Note that the first two craters of each material type consist of two ridges;
therefore, two single passes were made over these craters. For the PCC
repairs, the average time to cover the 8-ft crater length was 1 min. That
time increased to about 1.5 min over the RS craters. Slowing down the
grinding speed allowed more removal of material when comparing the
PCC chert mix to the RS repair, so the resulting grinding efficiency
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remained similar. The AC repairs required longer planing times than the
other repairs for the first pass of the Flatliner. This occurred because the
operator had to slow the machine to avoid digging holes in the repair since
the Flatliner removed the AC so easily. The operator took great care not to
dig holes in the pavement. The operator experienced greater control when
planing cementitious repairs.
The third crater repair of each material type was the dome-shaped repair.
These repairs consisted of about 4 to 6 passes to complete the first sweep,
greatly extending the time period to cover the area. Overall, the Flatliner
was operated at about 10 ft/min on all repairs.
5.3.1 Grinding efficiency
The grinding efficiency was calculated by taking the volume removed
(Table 2) and dividing that by the time during operation (Table 3). The
grinding efficiency of the Flatliner is presented in Table 4.
Table 4. Grinding efficiency of the Flatliner on various crater repair surfaces.
Crater
Repair

Repair Material

Efficiency, one
pass (ft3/minute)

Efficiency, multipass (ft3/minute)

Overall Efficiency
(ft3/minute)

1

PCC (Chert)

0.606

0.351

0.468

2

PCC (Chert)

0.446

0.491

0.473

3

PCC (Chert)

0.117

N/A

N/A

4

PCC (Limestone)

1.329

0.255

0.428

5

PCC (Limestone)

0.736

0.365

0.477

6

PCC (Limestone)

0.221

0.412

0.260

1A

RS

0.893

0.226

0.635

2A

RS

0.383

0.353

0.368

3A

RS

0.466

0.032

0.282

4A

AC

1.116

2.588

1.447

5A

AC

1.415

2.216

1.591

6A

AC

0.846

1.237

0.917

The Flatliner was measured as being capable of removing a maximum of
0.606 ft3 per minute of PCC with chert aggregate, 1.329 ft3 per minute of
PCC with limestone aggregate, 0.893 ft3 per minute of RS, and 1.415 ft3 per
minute of AC. In general, these results are in line with expectations that
the rate of removal would be related to the hardness of the material being
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removed. The ranking of material in terms of hardness is RS, PCC with
chert aggregate, PCC with limestone aggregate, and AC.
The Flatliner operated at the greatest efficiency when it was removing
areas with sharp contrasts to the surrounding pavement (i.e., bumps). The
Flatliner was most efficient during the first pass. When a surface
deficiency was narrow and wide, a greater thickness of material could be
removed. As the surface became more even with the surrounding grade,
the Flatliner became less efficient. This decline was expected and thought
to approach a value of zero when the pavement was perfectly smooth.
5.3.2 Replacing bits
All 108 bits were changed a total of three times throughout this evaluation.
The bit replacement took place before grinding each material type. The
average time to change all 108 bits on the Flatliner’s 3-ft drum was
approximately two hr with four moderately experienced personnel. More
detailed instruction on replacing the bits can be found in Appendix A:
Flatliner operator’s manual.
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6

Conclusions and Recommendations

6.1

Conclusions
The Flatliner cold planer attachment was evaluated for its ability to
smooth various surface deficiencies in different cementitious and asphaltic
pavement repairs. Overall, it was an excellent tool that resulted in much
smoother pavement surfaces compared to traditional milling heads. With
one pass over a pavement, the Flatliner could remove at least 0.8 in. of
material in all surface types investigated. The following conclusions
address the specific objectives of the technology.
Smooth a deficient crater repair surface to meet roughness tolerances. The
Flatliner was an excellent tool for smoothing localized areas in a pavement
surface. It performed well in soft and hard PCC, RS concrete, and AC
pavements and could correct smoothness deficiencies to within acceptable
ranges. The Flatliner is more suitable for short wavelength roughness (i.e.,
bumps) than for long wavelength roughness (i.e., improper grade). The
guide extending from the front of the planer needs to bridge the repair area
to get the best results in terms of overall surface grade after planing. The
Flatliner could remove over 1 in. of material in a single pass on most repairs;
obtaining a flush surface required multiple passes.
Smooth upheaval around a crater. The Flatliner could be used to smooth
upheaval around a crater as long as the crater diameter was small (i.e.,
single slab). If the crater had a large diameter (i.e., 25 ft), the Flatliner
would be inefficient at trying to meet the necessary grade tolerances. It is
more efficient at removing small areas of localized damage.
Smooth pavement deficiencies near an aircraft arrestor system. Although
not directly evaluated, the Flatliner could be used to smooth pavement
areas around an aircraft arrestor system. The Flatliner would work best at
planing a transverse joint created near the arresting system’s panels or at
the interface where a different pavement material was used surrounding
the system (i.e., 200 ft either side of the cable).
Trench pavement to create bed for installing protective panels beneath
an aircraft arresting system. Although not directly evaluated, the
Flatliner would not perform well at either trenching the bed to install the
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protective panels or smoothing the bed after milling with a more
aggressive cutting wheel. The Flatliner is designed to grind pavement
above the surface. Although the cutting wheel does protrude below the
protective housing, it is constrained by the housing when trying to cut very
far into the pavement. The Flatliner would need to be redesigned to
achieve effective trenching.
Trench pavement to create a flush AM2 matting repair. For the same
reasons provided in the previous statement, the Flatliner would not
perform well at trenching pavement to create a flush AM2 matting repair.

6.2

Recommendations
Based on the data provided in this report and observations during the field
trials, the Flatliner cold planer is recommended as a tool to repair surface
pavement irregularities associated with conducting crater repairs or with
maintenance and rehabilitation of pavements. The Flatliner is not
recommended for smoothing large pavement areas or as a trenching
device where cutting into the existing pavement grade is desired.

44

ERDC/GSL TR-16-13

References
Barna, L. A., J. S. Tingle, and P. S. McCaffrey. 2010. Laboratory and field evaluation of
rapid setting cementitious materials for large crater repair. ERDC/GSL TR-104. Vicksburg, MS: U.S. Army Engineer Research and Development Center.
Bell, H. P., L. P. Priddy, Q. S. Mason, and C. A. Rutland. 2015. Concrete cutting
refinement for crater Rrepair. ERDC/GSL TR-15-29. Vicksburg, MS: U.S. Army
Engineer Research and Development Center.
Edwards, L., H. P. Bell, J. F. Rowland, and C. A. Rutland. 2015. Improved concrete
cutting and excavation capabilities for crater repair. ERDC/GSL TR-14-8.
Vicksburg, MS: U.S. Army Engineer Research and Development Center.
Priddy, L. P, J. S. Tingle, M. C. Edwards, J. R. Griffin, and T. J. McCaffrey. 2013a. CRATR
technology demonstration: Limited operational utility assessment 2 Tyndall Air
Force Base, Florida. ERDC/GSL TR-13-39. Vicksburg, MS: U.S. Army Engineer
Research and Development Center.
Priddy, L. P., C. Moore, and E. Padilla-Salinas. 2008. Advanced airfield damage repair
technologies-phase 1. ERDC/GSL TR-08-27. Vicksburg, MS: U.S. Army Engineer
Research and Development Center.
Priddy, L. P., J. S. Tingle, J. R. Griffin, M. C. Edwards, and T. J. McCaffrey. 2013b.
CRATR technology demonstration: Operational utility assessment Avon Park
Air Force Range, Florida. ERDC/GSL TR-13-33. Vicksburg, MS: U.S. Army
Engineer Research and Development Center.
Priddy, L. P., J. S. Tingle, T. J. McCaffrey, and R. S. Rollings. 2007. Laboratory and field
investigations of small crater repair technologies. ERDC/GSL TR-07-27.
Vicksburg, MS: U.S. Army Engineer Research and Development Center.
Tingle, J. S., L. P. Priddy, M. C. Edwards, C. A. Gartrell, and T. J. McCaffrey. 2009.
CRATR technology demonstration: Operational utility assessment 1 (LOUA1),
Tyndall Air Force Base, Florida. ERDC/GSL TR-09-12. Vicksburg, MS: U.S.
Army Engineer Research and Development Center.

45

ERDC/GSL TR-16-13

Appendix A: Flatliner operator’s manual
Reproduced with permission from Keystone Engineering
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Introduction
RESPONSIBILITY OF THE OWNER/RENTER/LESSEE OF
FLATLINER ATTACHMENT:
The purpose of this manual is to assist you and your
organizations in operating and maintaining your skid steer
attachment. It gives you the information to safely operate your
attachment, to optimize its performance and to properly
maintain the attachment. However, many operating situations
will be unique to the particular job and variations from the
manual will be needed.
Read this manual and all of its contents before operating your
GRINDING ATTACHMENT.
Require all operators to read this manual carefully and become
familiar with the unit’s operating procedures before attempting
to operate the attachment.
Observe all safety information listed within the manual, on the
attachment and the powering device.
The grinding attachment will require cleaning and routine
maintenance.
Use only Flatliner certified parts for service. Substitute parts
will void the warranty and may not meet safety or operational
standards.
Flatliner parts can be ordered by calling your Flatliner
Representative or by calling 317-271-6196.
A replacement manual can be ordered from your Flatliner
Representative or by calling 317-271-6192 to request a copy.
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Specifications
The power source must be equipped with an auxiliary hydraulic
system that is capable of supplying flow to the hydraulic motor.
The grinding attachment is intended for smoothing asphalt
surfaces by grinding the area above the zero point. The
performance of the unit can vary greatly depending upon how it
is operated and the material it is grinding. Please follow the
recommended operating procedures listed below for maximum
productivity.
FLATLINER SPECIFICATIONS:
FL24

FL36

FL48

Grinding Width

25”

37”

49”

Grinding Depth

0-1”

0-1”

0-1”

Number of bits

72

108

144

Hydraulic Horsepower
(HHP) Requirement

35

50

70

Operating Weight (lbs)

2600

3000

3400

Planetary Capacity

19 oz (Half Full)

Planetary Lubrication

90 Weight Gear oil with EP
additives

*HHP = GPM x PSI
1714
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Safety
Safety is the primary concern in the design of this product.
However, much of the equipment’s safe operation and accident
prevention falls on the operator and the manor by which the
equipment is installed, operated and maintained.
TRAINING:
•

Read attachment manual before installation.

•

Read all power source manuals before installation.

•

Operators and all installation and maintenance personnel must be
instructed and capable of the safe installation of equipment and
equipment’s controls.

•

Learn how to quickly stop the engine and the attachment in case of
an emergency.

•

Follow all safety rules listed below. If you do not understand ANY
part of this manual and need assistance, see your Flatliner
Representative or call 317-271-6192.

*WARNING: FAILURE TO FOLLOW THESE SAFTEY
INSTRUCTIONS MAY RESULT IN INJURY OR DEATH.*
SAFETY IN INSTALLATION:
•

Operators and all installation and maintenance personnel must be
instructed and capable of the safe installation of equipment and
equipments controls.

•

Hydraulics must be connected as instructed in this manual and the
power source’s manual.

•

After connecting all hoses, check that all control lever positions
function as instructed in the Operator's Manual.
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•

Do not allow anyone to operate this equipment without proper
instructions and without reading all attachment and power source
manuals.

•

Keep hands and body away from pressurized lines.

•

Do not use hands or other body parts to check for leaks.

•

Always wear protective clothing and shoes.

•

Use protective equipment for eyes, hair, hands, hearing, respiratory
and head.

•

Hydraulic fluid under pressure can penetrate skin and will cause
serious injury or death.

•

Make sure that all operating, installation and service
personnel know that if hydraulic fluid penetrates skin, it
must be surgically removed immediately by a doctor or
serious injury, or death will result.

•

CONTACT A PHYSICIAN IMMEDIATELY IF FLUID ENTERS
SKIN OR EYES.

•

Never allow untrained persons or children to operate equipment.

•

A counterweight may be required for machine stability during
installation and operation.

•

When connecting hoses or performing hydraulic maintenance,
remove any air in the hydraulic system by operating all hydraulic
functions several times.

•

Check that all control lever positions are exactly as stated in the
Operator's Manual before use.

•

Protective hose sleeves must be secured onto a metal hose fitting
and be used on all hydraulic hoses within 24 inches of the operator.
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•

Make sure all hydraulic hoses, fittings, and valves are in good
condition and in the proper position away from other moving parts
and not twisted or pinched or leaking before starting power unit or
using equipment. Replace any damaged hoses, fittings, and valves
immediately.

•

Check that all lubrication points have been properly lubed and
greased before use.

•

Be sure the attachment is properly secured, adjusted, and in good
operating condition before running or starting attachment or
engine.

•

Power unit must be equipped with ROPS and seat belt and be used
at all times.

•

Make sure all safety decals are installed. Replace if damaged or
missing. Call your Flatliner Representative or call 317-271-6192 for
replacement decals).

•

Make sure all safety features are installed and functioning properly
on both the grinding attachment and the power source.

•

Fully inspect work area before using the attachment for loose
objects that could be ejected from the unit or other safety hazards
that could cause injury or death.

•

Always engage the parking brake, turn off engine and
remove the ignition key before maintaining or servicing
the attachment.
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SAFETY IN OPERATION:
•

Improper operation can cause the attachment and power
source to tip over resulting in serious injury or death.

•

Keep power unit lift arms and attachment as low as possible.

•

Do not operate unit with lift arms and attachment raised.

•

Turn the power source only on level ground.

•

Do not run across slopes, instead run up and down.

•

Keep the heavy end of the equipment uphill.

•

Do not overload the machine or carry loads that exceed the
operating capacity of the power source.

•

Do not allow bystanders in the area when installing, operating, or
servicing equipment.

•

Know your environment! Contact with overhead power
lines and other high voltage items, underground cables,
gas lines, and other hazards can cause serious injury or
death.

•

Do not operate or transport equipment while under the influence of
alcohol or drugs.

•

Operate only when optimal lighting is present.

•

Keep hands, feet, hair, and clothing away from equipment while
engine is running.

•

Fully inspect work area before using the attachment for
loose objects that could be ejected from the unit or other
safety hazards that could cause injury or death.
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•

Do not lift or carry anybody or other unapproved objects on the
attachment or power unit.

•

Always make sure the area down and behind the power unit is clear
before reversing the unit.

•

Do not operate the grinding attachment on steep slopes.

•

Do not stop, start, or change directions suddenly on slopes.

•

Watch for hidden hazards in the work and transport zones during
operation.

•

If either unit makes contact with an obstruction, fully inspect
attachment and power unit for any damage and repair before
resuming operation.

•

Never adjust or work on attachment while the power unit
or attachment is running or the key is in the ignition.
Serious injury or death could result.

•

Before making any adjustments or performing any service
to the grinding attachment engage the parking brake, turn
off engine and remove the ignition key.

SAFETY IN MAINTENANCE:
•

NEVER perform service or maintenance with engine
running.

•

NEVER go underneath the attachment.

•

Read Operator's Manual for service instructions or call your
Flatliner Representative or 317-271-6192 with any questions.

•

Do not modify the equipment in anyway.
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•

Use only Flatliner certified parts for service. Substitute parts will
void the warranty and may not meet safety or operational
standards.

•

Always wear protective clothing and shoes.

•

Use protective equipment for eyes, hair, hands, hearing, respiratory
and head.

•

Do not allow bystanders in the area when operating, attaching,
removing, assembling, or servicing equipment.

•

Be sure attachment is properly secured and adjusted before putting
it in use.

•

Make sure coupler lock pins are fully extended.

•

When removing front wheel pins, be sure to support the front of the
depth skid to prevent hands or feet from being crushed.

•

Do not disconnect hydraulic lines until all system pressure is
relieved. Lower unit to ground, stop engine, and operate all
hydraulic control levers.

•

Mechanical and/or hydraulic system failure can cause equipment to
drop unexpectedly.

•

Tighten all bolts, nuts, and screws to proper torque.

•

After servicing equipment double check that it has been
reassembled properly. If you have any questions please contact your
Flatliner Representative or 317-271-6192.

•

Make sure all safety decals are installed and replace if damaged or
missing.

•

Always engage the parking brake, turn off engine and
remove the ignition key before maintaining or servicing
the attachment.
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DECALS
Review all safety and instructional decals carefully before
operation. Replace immediately if damaged or missing. Call
your Flatliner Representative or 317-271-6192 if a replacement
decal is needed.
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Operation
Follow all safety rules listed above under “Safety”. Review and
follow all safety decals on the attachment and power source.
*WARNING: Failure to do so could result in serious injury or
death.
Operator must be instructed and capable of the safe
installation, operation, maintenance and transportation of the
equipment.
ATTACHING THE GRINDER:
1. Position the coupler pins in the disengaged position.
2. Rotate the attachment plates on the power source forward to
engage the mounting plate on the grinding attachment.
3. Pull the power source forward and tilt the attachment plates back
until there is complete engagement between the mounting plate and
the attachment plates.
4. Rotate the attachment plates on the power source until the grinding
attachment is locked into place. The locking pins should be secure
and engaged.
5. Place the grinding attachment on the ground.
6. Engage the parking brake on the power source.
7. Stop the engine.
8. Remove the engine key.
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ATTACHING THE HOSES:
Insufficient hydraulic power will result in poor performance.
1. Attach three hydraulic hoses from the attachment to the quick
coupler on the power source (motor pressure, return and case
drain).
2. Verify all hoses are securely fastened.
*WARNING: Motor seal failure will occur if the case drain is not
attached or if the hose is bent, kinked or cut.

ZEROING THE DRUM:
An initial zeroing of the drum is required upon delivery of the
unit and after any readjustment made to the front ski to insure
the drum is cutting parallel to the surface. In addition, a
periodic zeroing of the drum is needed as the carbide bits wear.
1. Zero on a level surface.
2. Null both the right and the left back wheels down to where
the drum is just barely striking the surface. Making sure it is
an even depth from left to right.
•

Turning the wheel clockwise will bring the cutter
drum up.

•

Turning the wheel counterclockwise will take the
cutter drum down.

•

1 complete turn= 1/12”

3. Set the smaller set of back wheels a ¼ to ½ turn above the
back wheels.
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GRINDING PROCEDURE:

•

NEVER open the drum access door during operation. Both
latches should be securely fastened before being powered.
Serious injury or death could result.

•

Never place the lift arms into the “float” position.

•

The drum should not be in contact with the surface upon engaging
the hydraulic power to the unit.

•

Tilt the lift arms forward so the front wheels and back wheels are
resting on the surface.

•

Engage and disengage the drum only when the machine is at idle.

•

Slowly begin moving forward and then quickly engage the hydraulic
power to the grinding unit.

•

While grinding make sure the machine is at full power.

•

When the unit stops grinding shut off the power and then lift the
unit up.

•

Multiple passes for longer bumps may be needed.

WARNING: Never adjust or work on attachment while the
power unit or attachment is running or the key is in the ignition
or serious injury or death could result. Before making any
adjustments or performing any service to the grinding
attachment, engage the parking brake, turn off engine and
remove the ignition key.
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Service
BIT REPLACEMENT:
To insure a smooth pattern, match the length of the
replacement bit to the existing bits on the drum. This can be
done by grinding the bottom of a new replacement bit or using a
used bit that has been worn to the same length.
1. Position drum so the broken bit(s) are positioned at the top of the
opening of the cutter drum door.
2. Remove worn bit(s).
3. Clean bit holder pocket extensively.
4. Place new bit in holder and make sure the bottom of the bit is
seated to the top of the bit holder pocket.
5. Insert tapered wedge and tighten bolt to 100 foot pounds.
WARNING: Never adjust or work on attachment while the
power unit or attachment is running or the key is in the ignition
or serious injury or death could result. Before making any
adjustments or performing any service to the grinding
attachment engage the parking brake, turn off engine and
remove the ignition key.

CLEANING AND LUBRICATION:
•

The attachment should be cleaned, lubricated and inspected after
each use.

•

Always use protective equipment for eyes and body.

•

Remove all debris from grinding attachment.
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•

Brush all eight wheels on the attachment to remove any buildup of
material.

•

Inspect machine and replace worn or damaged parts or safety
decals.

•

Lubricate the grease points on all wheels as well as the drum
bearing with a grease gun.

NOTE: Gear Casing lubrication must be changed within the first
50 hours of operation. After the initial 40 hour change has been
completed, the lubricant will only need to be changed once a
year or every 300 hours (whichever occurs first). A 90 Weight
gear lube with EP additives should be used.
WARNING: Never adjust or work on attachment while the
power unit or attachment is running or the key is in the ignition
or serious injury or death could result. Before making any
adjustments or performing any service to the grinding
attachment engage the parking brake, turn off engine and
remove the ignition key.
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Parts
DRIVE SIDE:

Front

Hydraulic

Sweeper

Safety

Rear

Caster

Motor

Brush

Caster

Caster

KEM4228

KEM7117

KEM7119

KEM7118

DESCRIPTION
(QTY 4)
PART
NUMBER

KEM7118
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BEARING SIDE:

DESCRIPTION

Rear
Caster

Safety
Caster

Sweeper
Brush

Bearing

PART
NUMBER

KEM7118

KEM7119

KEM7117

KEM4232
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FLATLINER DRUM:

DESCRIPTION

PART
NUMBER

½” Flat

½” Wedge

Left Hand

Right Hand

Washer

Bolt

Flat Tooth

Flat Tooth

KEM7041

KEM7042

KEM7116BL

KEM7116BR

Wedge

KEM7097
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Appendix B: Mix designs for crater repairs
PCC mix design
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AC mix design
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RS concrete MSDS
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