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Abstract: Ultra high molecular weight (UHMW) polyethylene panels for
aircraft arresting systems have been used in the United States for approxi-
mately 15 years to provide better resistance to erosion of the pavement
surface under arresting cables. When concrete or asphalt is used directly
under the cables, the pavement surface becomes heavily damaged during a
short period of time, requiring that the damaged area be removed and
patched.

A research project was awarded to the U.S. Army Engineer Research and
Development Center by the Air Force Civil Engineer Support Agency at
Tyndall Air Force Base to inspect a number of polyethylene panels
throughout the United States and Europe and to recommend ways to
improve performance of the panels and the pavement materials and joint
sealants adjacent to the panels.

Generally, the UHMW panels have provided much-improved perform-
ance, but some changes are needed to improve the overall performance.
Several problems have occurred, including warping of the panels, loss of
bond between the sealant and the panels, and damage to the adjacent
pavement surface when traffic passes over the joint between the panels
and the pavement.

Items that need improvement include reducing the amount of warping,
improving the bond between the sealant and panels, and improving the
performance of the asphalt and concrete mixtures adjacent to the panels.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Tyndall AFB. Since other sites were visited as a part of other work, these
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The additional project sites visited included Davis-Monthan, Eielson,
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from other miscellaneous sites, including an Air National Guard Base
(ANGB). These sites included Selfridge ANGB and Buckley, Eglin,
McChord, Seymour Johnson, and Tinker AFBs.
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Director, GSL.
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Corps of Engineers, ATTN: CECW-EW, 441 G Street NW, Washington,

DC 20314.
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Summary

Personnel of the U.S. Army Engineer Research and Development Center,
Vicksburg, MS, conducted an evaluation of ultra high molecular weight
(UHMW) polyethylene panels for aircraft arresting systems during the
period October 2007—October 2008. The primary objective was to investi-
gate the condition of the pavement adjacent to the panels and to recom-
mend construction methods that might improve the performance in these
areas. A secondary objective was to observe the panels and sealant and to
make recommendations about their condition and improvements that may
reduce maintenance requirements.

Sites visited during this study included Aviano Air Base (AB), Davis-
Monthan Air Force Base (AFB), Eielson AFB, Elmendorf AFB, Hill AFB,
Holloman AFB, RAF Lakenheath, Luke AFB, MacDill AFB, Shaw AFB,
Spangdahlem AB, and Tyndall AFB. Some information was also included
based on information provided from other bases, including Selfridge
ANGB, and Buckley, Eglin, McChord, Seymour Johnson, and Tinker AFBs.

The results of the inspections revealed that the quality of the adjacent
pavement varied considerably. Generally, the concrete pavements were

in good shape, but there was some minor spalling in many cases. Some of
the concrete had been patched adjacent to the panels and, at the time of
inspection, was generally in good shape. The asphalt pavement was dam-
aged more than the concrete adjacent to the panels, but this damage was
generally minor at the time of inspection. It appears that there are a num-
ber of steps that can be taken during construction to ensure better
performance. Based on field investigations, a number of conclusions and
recommendations were developed. Specific conclusions and recommenda-
tions are provided below.

Conclusions

e The use of UHMW polyethylene panels has greatly reduced the amount
of maintenance and repairs required under arresting system cables.
Even after approximately 15 years of being exposed to the environment
and traffic, very little physical damage had occurred with the UHMW
polyethylene panels.



ERDC/GSL TR-09-26

e Panels tend to expand and warp during hot weather, especially when
panels exceed the maximum recommended sizes. This can cause the
panel to protrude above the pavement surface and increase the
possibility of the hook skipping over the cable.

e The anchor system for holding the panels in place has worked well and,
when installed correctly, does not appear to need improvement. On one
project an anchor was missing, but this was likely related to installation
problems. However, this does confirm the need for frequent
inspections.

e Most of the barrier systems had problems with performance of the
sealant. The sealants generally do not bond very well to the UHMW
polyethylene panels. One of the problems is the amount of movement
of the panels during changing temperatures. As a result of these
temperature changes, the joint opening can vary from approximately
1in. all the way down to almost closed. It is impossible for a sealant to
perform satisfactorily under these circumstances.

e There was some damage to the pavement surface adjacent to the
panels, but this was typically minor. In some cases, the asphalt
pavement tended to break off or ravel adjacent to the panels. The
concrete pavements typically had some very minor amount of spalling
adjacent to the joints. Repairs to the asphalt or concrete need to be
performed using best construction practices to ensure satisfactory
performance.

¢ When the panels do not extend to the pavement edge, water can be
trapped in the area around the end panels, leading to some water
issues in these areas. Some pavement issues have developed (between
the end of the panels and the anchor for the arresting cable) due to the
cable beating the pavement past the panel area.

e The most common potential causes of damage to the adjacent
pavement include cable impacts, expansion of panels during hot
weather, incompressible solids in joint, snow removal equipment, and
traffic crossing over the pavement edge adjacent to the panels.

¢ Many projects had some part of the installation of panels that violated
Air Force Instruction (AFI) 32-1043. The most common problems were
a change of pavement type within 200 ft of the panels, panels too large,
joints in panels not lining up with joints in adjacent concrete, and
openings for tie-downs and anchors in the wrong location.
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Recommendations

e The nominal panel length should be set at 4 ft to help minimize
movement during temperature changes resulting in warping of the
panels and sealant problems. When placing panels adjacent to concrete
pavements, the panels should be cut so that the joints between adjacent
panels match the joints in the concrete.

e Place the panel and sealant during average temperatures when the
joint opening will be about midpoint, approximately 1/2 in., for
optimum sealant performance. If the sealant is placed in cold weather,
the joint opening will be wider resulting in excessive sealant being
added to the joint and being squeezed out later during hot weather. If
the sealant is placed during hot weather, the joint opening is reduced.
This results in only a minimal amount of sealant being added to the
joint, leading to possible adhesive failure during cold weather.

e Final dimensions of the panels will be determined by the joint spacing
in the concrete. Continue to use six anchor bolts for full-size panels. As
described in the AFI 32-1043, the joints in the panels should line up
with the joints in the concrete pavement. The panels should never be
placed so that the joint in the concrete lines up with the anchors, since
this could cause failure of the anchoring system.

e The biggest problem with the anchor system is the potential for loss of
a nut or the nut working loose and sticking up above the top of the
panels. Regular inspections are needed to ensure that the anchoring
system is working satisfactorily without any portion protruding above
the top of the panel and without any portion of the anchors becoming
loose.

e Work is needed to determine the best type of sealant to be used and to
identify the best approach for using sealant. Overall, the silicone
sealant that has been recommended appears to provide the best
performance of the sealants used, although problems continue. It is
recommended that silicone sealant continue to be used to seal joints
between the panels and between the panels and adjacent pavement.

e A keyway was used around the perimeter of panels at one location, and
it appeared to improve performance of the sealant. The potential for
using the keyway should be further investigated. In addition, it is
recommended that work be done to identify a primer to be used on the
panels to improve bond. Some improvement in the bond is needed
through reduced panel size (recommended to be 4 ft), improved
sealant material, use of primer on surface of panel, or use of a keyway
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in the side of the panel. Further work is needed to investigate use of
primer, improved sealant material, and use of a keyway.

e When patching asphalt pavements adjacent to panels, cut out and
square up the damaged area, tack around the sides of the pavement
edge, tack the bottom of the remaining hole, add new material to the
prepared area, and provide adequate compaction. It is preferred to use
mixes that contain good crushed aggregate and polymer modified
asphalts to minimize damage from aircraft loadings. The patch should
extend at least 2 in. into sound pavement and have a minimum width
of 6 in. The mix should be placed up against the panels and then cut
out with a saw after compaction to form a 1/2-in.-wide joint that can be
sealed. When the area to be patched is small, the damaged area can be
cut out by hand, replaced and compacted. However, when the problem
is large, a width of 10 ft adjacent to the panel should be removed in the
transverse direction. This will permit a paver to work in the transverse
direction and will allow for best placement and compaction. If both
sides of the panels have large amounts of material to be patched, then a
10-ft lane should be removed and replaced on each side of the panels.

e Regular inspections of the panel system are needed to ensure that
maintenance is performed when needed and to ensure that there is no
imminent concern for foreign object damage issues. Questions to
address during the survey include what is condition of anchoring sys-
tem? is elevation of panels slightly below elevation of adjacent
pavement materials? is sealant in good shape? are there incompressi-
bles in joints? is there pumping under traffic? what is the condition of
the adjacent pavement? and what is the condition of tie-downs?

e When it is necessary to place a foundation for the panels, a 12-in. layer
of base course should be placed and compacted in two 6-in. lifts.
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xiii

Unit Conversion Factors

Multiply By To Obtain
degrees Fahrenheit (F-32)/1.8 degrees Celsius
feet 0.3048 meters

inches 0.0254 meters

Kips (force) per square inch 6.894757 megapascals
pounds (force) per square inch 6.894757 kilopascals
pounds (mass) 0.45359237 kilograms
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1

Introduction

Background

The U.S. Air Force uses arresting cables on most of its runways to provide
a method to stop aircraft in emergency situations. Initially, the cables were
placed across the runway directly over the concrete or asphalt pavement.
However, experience showed that these areas received significant damage
(Figure 1) in a very short period of time and often required patching,
sometimes more than once per year. A typical patch in a rigid pavement is
shown in Figure 2. In some cases, primarily at Navy bases, steel plates
have been used to minimize damage from the cable (Figure 3). The con-
crete pavements resisted this damage more than asphalt pavements, but
both were having early performance problems. This method of placing the
cables directly over the pavement surfaces was used for a number of years
until a better procedure was obtained in the early 1990s.
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Figure 2. Typical patch area underneath
cable in concrete pavement.

Figure 3. Use of steel plate at a Naval Base
to protect pavement damage from cable.
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In the early 1990s, it was observed in Europe, in at least one case, that
ultra high molecular weight (UHMW) polyethylene panels were used, and
the performance appeared to be very good. As a result of this apparent
good performance, these panels were tried by the U.S. Air Force, a little
more than 15 years ago. With the old system, the pavement had to be
patched at least once yearly and typically more often than that. Experience
with the UHMW polyethylene panels to date has shown that much
improved performance is obtained than that observed in the past when
nothing was used to protect the surface. In fact, some of the panels have
been in place for more than 15 years, with little maintenance required.
Most of the maintenance is related to replacing the sealant around the
panels, planing the top of the panels as needed to account for warping,

or patching the edge of the pavement adjacent to the panels. Guidance for
type and placement of these panels is provided in Air Force Instruction
(AFI) 32-1043, “Managing, operating, and maintaining aircraft arresting
systems,” Appendix A8.

As a result of problems with the panels, a contract was awarded to the U.S.
Army Engineer Research and Development Center (ERDC) by the U.S. Air
Force Civil Engineer Support Agency (AFCESA) to investigate the overall
performance of these panels and the adjacent pavements and to recom-
mend methods, procedures, and materials to improve performance and
reduce maintenance.

Objective and scope

The primary objective was to investigate the condition of the pavement
adjacent to the panels and to recommend construction methods that might
improve the performance in these areas. A secondary objective was to look
at the panels and sealant and to make recommendations about their
condition and improvements that may reduce maintenance requirements.

The work included inspecting a number of pavements containing arresting
systems to visually determine the condition of the panels, sealant, and
adjacent pavement. During the visit, information was collected about the
placement and maintenance of the systems. Discussions with the local civil
engineering staff were held to learn their opinions about construction,
maintenance, and overall performance of the panels, pavements, and
sealant. All of this information was obtained and analyzed to determine
methods that potentially could improve the performance of these systems.
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2 Research Approach

The research approach involved inspecting a number of airfield pavements
that had UHMW polyethylene panels in place to determine overall
performance. No lab testing or field testing, other than taking field meas-
urements, was involved. Inspections were made to document the perform-
ance of the panels, pavements, and sealants. Discussions were conducted
with individuals familiar with the UHMW polyethylene panels. Based on
the inspections and discussions, conclusions and recommendations were
made about how to improve the performance of the panels, the sealers,
and the adjacent pavement.
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3 Site Investigations and Discussions with
Locals

Several sites were identified by the AFCESA that would be good to include
as part of this research program. The recommended sites included

Aviano Air Base (AB), EImendorf Air Force Base (AFB), Hill AFB,
Holloman AFB, Royal Air Force (RAF) Lakenheath, Shaw AFB,
Spangdahlem AB, and Tyndall AFB. All of these sites were visited, and the
panels were inspected. Since other bases using these types of panels were
visited as a part of other work, they were also inspected to determine
performance in the areas of the UHMW polyethylene panels. Additional
projects visited included Davis-Monthan, Eielson, Luke, and MacDill
AFBs. In addition, some information was provided from other
miscellaneous sites including an Army National Guard Base (ANGB).
These sites included Selfridge ANGB and Buckley, Eglin, McChord,
Seymour Johnson, and Tinker AFBs.

Background on requirements for
UHMW polyethylene panels

Basic requirements regarding the use of UHMW polyethylene panels are
given in AFI 32-1043, Appendix A8, and are listed below.

e The use of these panels is mandatory for new construction.

e Their use is optional for repair of existing pavements.

e Panels should be recessed below surface of pavement by 1/8 to 1/16 in.

e The panels must be anchored to solid concrete.

e The minimum concrete slab thickness is 11 in.

e For asphalt pavements, saw cut and remove 25 in. wide to 3 ft deep.
Backfill with crushed stone 12 in., then place 22-1/2 in. of concrete.
This will be topped with approximately 1-1/2-in. panels. Top of
concrete must be smooth and at right elevation to allow 1-1/2-in.
panels.

e Tolerance on panel length and width is 1/8 in. Thickness of the panels
will be 1-7/16 to 1-1/2 in.

o Afull-size panel is 2 by 5 ft. A full-size panel will require six anchor
stud holes. Holes will be cut 4 in. from the side and end for the four
corners and centered at 4 in. from the side for the other two anchors.
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e A half-size panel will have four anchor stud holes spaced 4 in. from the
end and side.

e The anchor stud hole will be 1 in. for the through hole and 2 in. for the
countersink hole. The countersink hole will be 7/8 in. deep with square
shoulders. Tolerances for these locations are 1/16 in.

e The cable tie-down hole will be 4 in. wide through the center of the
panel. The government will determine how many panels will have tie-
down holes. Tie-downs will not be located closer than 2 ft from existing
pavement joints. Half-size panels will not have holes for tie down.

e Panel stock is 4 ft by 10 ft by 1-1/2 in. thick. Cut panels in a way to
minimize waste.

e Line up panel joints with concrete pavement joints.

e Panels can be shorter than 5 ft but should never be greater than 5 ft.
(Four-foot-long panels are preferred, to minimize movement with
temperature changes.)

e Joint spacing between panels and between panel and pavement should
be 172 in.

e Panels should never straddle joints, and anchor studs should never fall
in the joint in concrete pavements.

e Panels should be 5 ft or less in length, 2 ft wide, and 1/2 in. thick.

e All holes should be predrilled in the panel by the supplier.

e During installation, make sure recess is prepared such that when
panels are added, the top of the panel is approximately 1/8 in. below
the surface of the pavement. Ensure that anchor studs are properly
placed. The studs should not protrude above the panel surface. Grind
off any portion that protrudes above the panel.

e Ensure that top of tie-down is at least 3/16 in. below the surface of the

panels.

e Use 8-point tie-down for F-16. For other aircraft, fewer tie-downs can
be used.

e Apply joint sealant in spacing around panels. Silicone sealants should
be used.

e Regular inspections of the panels are needed.
e No change in pavement type should be made within 200 ft of cables.

The above information provides guidance for those installing the UHMW
polyethylene panels. This information provides some background that may
be helpful during the discussions of the site visits for the specific locations.
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Aviano Air Base, Italy

The UHMW polyethylene panels at Aviano AB were inspected on May 12,
2008. The existing pavement was an asphalt pavement with the concrete
panel foundation extending approximately 10 ft on either side of the pan-
els (Figure 4). The asphalt pavement surface consisted of stone matrix
asphalt (SMA) that was placed in 1999 (Figure 5). The placement of the
panels does not meet the guidelines documented in AFI 32-1043,
Appendix A8, but the performance of the panels and pavement has been
very good according to the local staff. The guidelines say that the
pavement type should not change within 200 ft of the barrier panels. In
this case, the pavement type changed from SMA to concrete at
approximately 10 ft from the panels. The concern with this type of design
is that the hook may hit a lip at the pavement transition point and skip
over the cable. Based on comments from the local staff, there has been no
known problem with the hook skipping since the installation of the panels.

The panels were placed in 1999 when the asphalt was milled and overlaid
with SMA. The edge of the SMA mixture that was adjacent to the panels
had been cut back with a saw, indicating that the SMA was probably in
place when the panels were placed. The SMA surface was then likely used
to form the concrete. The concrete was placed immediately adjacent to the
SMA, leaving no room for sealant. No sealant was used between the con-
crete and the SMA, but the performance looked excellent at the time of
inspection. There was no breaking over or any other damage to the SMA.
There was some very minor spalling of the concrete (Figure 6).

A sealant was used between the panels and the adjacent concrete and
between the panel units. At the time of the inspection, the sealant had
been recently placed. It had performed well in some locations (Figure 7)
and not so well in others (Figure 8). Figure 8 shows how some of the
sealant had been lost from the joint in a couple of locations. There was
some spalling of the concrete adjacent to the panels and at the contraction
joint (Figure 9).

There was some noticeable scarring of the polyethylene panels near the
middle of the runway, where most of the traffic passed over the cable. The
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Figure 4. UHMW polyethylene panels at Aviano AB.
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Figure 5. SMA mixture placed adjacent to concrete
foundation for barrier panels at Aviano AB.
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Figure 6. No damage of the SMA and slight spalling
of the concrete slab at Aviano AB.

Figure 7. Sealant in good shape adjacent to panels at Aviano AB.
Note lack of sealant in anchor bolt recess.

repeated beating of the cable over the panels eventually led to this scar-
ring, which appears to be very minor. This damage was typical of that seen
on a number of projects. However, the panels still appeared to be in good
overall shape (Figure 8).
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Figure 9. Some spalling of concrete adjacent to panels
and at contraction joint at Aviano AB.

Guidance for installing the panels states that they should be placed such
that the gap between the panels lines up with the contraction or construc-
tion joints in the concrete. It is even more important to ensure that the
joints do not line up with the anchors. This could result in failure of the
anchor. In at least one case, the contraction joint was lined up within 1 in.
of the anchors (Figure 10), but there was no noticeable performance prob-
lem.
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Figure 10. Anchors for panels placed very close to
contraction joint in concrete at Aviano AB.

The anchor bolts appeared to be in good shape; however, there was some
noticeable rust on the surface. On many projects, the cavity around the
anchor bolt is sealed with sealant to prevent water from entering. There
was no sealant in these cavities, and there does appear to be corrosion to
the top of the anchors where they were exposed. This did not appear to be
a significant problem at the time of inspection. It is doubtful that any
significant amount of water could seep around these anchor bolts and get
underneath the panel.

The performance of the panels and the adjacent pavement was good at
Aviano. The sealant appeared good in some places, but it did not perform
well in others. Overall, the sealant was not performing very well. This poor
performance of the sealant was not unusual. In fact, none of the projects
investigated had sealant that performed well for a reasonable period of
time. The sealant usually adheres to the asphalt or concrete reasonably
well, but it does not adhere to the polyethylene panel very well.

There did not appear to be any warping of the panels resulting in the need
to plane the surface of the panels. The panel dimensions generally
appeared to be 2 by 5 ft.
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Buckley Air Force Base, Colorado

Buckley AFB was not visited as a part of this study, but some pictures
(taken on May 8, 2007) were supplied showing the UHMW polyethylene
panels (Figure 11) on this runway. While there was not much information
about the panels as far as time placed, etc., there has been a significant
amount of traffic using this runway. The panels appeared to be in good
shape and vary in size from 2 ft wide by 2.5 ft long up to 2 ft wide by 5 ft
long. The top of the panels appeared to be slightly lower than the adjacent
pavement, as recommended.

Figure 11. Overview of UHMW polyethylene panels at Buckley AFB.

The pavement adjacent to the panels was concrete. There was no damage
to the concrete caused by the cables, but there was some scarring of the
surface where the cable had beaten against the concrete (Figure 12). It is
possible that some of the minor spalling that had occurred next to the pan-
els was caused by the beating of the cable against the edge of the concrete.
It is also possible that snow removal equipment could have caused some of
the damage.
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Figure 12. Condition of sealant around UHMW polyethylene
panels at Buckley AFB.

The sealant appears to have some issues, with some of the sealant
debonded from the concrete and/or panel (Figure 12). This likely resulted
from the expansion and contraction of the adjacent materials during
temperature changes. It is not clear what type of sealant was used on this
project, but most bases have used silicone sealant.

The joints between the panels appeared to match the joints in the concrete
(Figure 12 and Figure 13). There appeared to be some minor spalling in the
adjacent concrete adjacent to the panels and adjacent to the longitudinal
joint perpendicular to the panels. Some of this spalling may have been
caused by snow removal equipment or, perhaps, damage from the cable.

The reservoirs around the top of the anchors were not sealed. There was
some rust on the exposed surface of the anchors, but this did not appear to
be a significant problem.
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Figure 13. Joint between panels match joint in concrete
for panels at Buckley AFB.

Overall, the panels appeared to be performing satisfactorily, but the
sealant appeared to be a problem. While there was some damage to the
concrete, the amount of damage was minimal.

Davis-Monthan AFB, Arizona

The panels at Davis-Monthan AFB were inspected on April 16, 2008. The
barrier, which was constructed approximately 9 to 10 years prior to the
inspection, consisted of panels placed in concrete with the concrete
extending approximately 10 ft on one side of the panel and then changing
to asphalt mixture (Figure 14). The concrete continued out past the
recommended 200 ft on the opposite side of the barrier.

Some of the joints in the polyethylene panels had uneven widths

(Figure 15). It is likely that this was caused by temperature and warping
effects as well as the beating of the cable on the surface of the panel. Itis
also possible that the anchors held the panel in place, not allowing it to
move immediately adjacent to the anchors, thus resulting in the partial
closing of the joint during hot weather in between the anchors but not at
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Figure 14. UHMW polyethylene panels at Davis-Monthan AFB within
approximately 10 ft of change in pavement type.

Figure 15. Variable width of joints in polyethylene
panels at Davis-Monthan AFB.

the anchors. If the uneven gap was caused by the anchors, it would be
expected that the gap would vary on all sides of the panel. This is not the
case; the gap closes on the short side of the panel, thus supporting the
thought that it is the cable beating on the panels that is causing the closing
of the joints. While this closing of the joints appeared to be causing no
immediate problem, it does make it very difficult to reseal the joint and
expect to get satisfactory performance.
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This placement of the panels does not meet the guidelines documented in
AFI1 32-1043, Appendix A8, but the performance appears to be acceptable.
The guidelines say that the mix type should not change within 200 ft of the
barrier panels. In this case, the mix type changed at approximately 10 ft on
one side of the panels. The traffic that would be using this cable would be
coming from the side where the type of pavement changed, raising some
guestions about the possibility of hook skip.

The sealant in the joint between the concrete and the polyethylene panel
was in poor shape. In some cases, the sealant had been lost, and in others
it had pulled away from the panels and adjacent pavement (Figures 15

and 16). There was some spalling in the concrete adjacent to the panels.
The damage is likely caused by the high amount of expansion of the panels
during temperature increases and the possibility that incompressibles
were able to get into the joints and result in high pressure being exerted on
the concrete pavement during hot weather.

Figure 16. Condition of joint between concrete and polyethylene
panel at Davis-Monthan AFB.

There was some damage to the top of the panels due to the beating of the
cable on the panels (Figure 17). Of all of the panels surveyed, this appears
to be the only occurrence of this problem, indicating that this may be a
material defect or the result of some other problem, such as some type of
spill. The panels were still performing reasonably well even though this
damage had occurred.



ERDC/GSL TR-09-26

18

Figure 17. Damage to polyethylene panel likely caused by cable beating
on surface of panel at Davis-Monthan AFB.

Eglin AFB, Florida

The panels at Eglin AFB are shown in Figure 18. The adjacent pavement is
asphalt. The photo shown as Figure 18 was taken in January 2005 and was
provided to ERDC for inclusion in this study. Based on the photo, there
appears to be no particular problem with the adjacent pavement. There
did appear to be some loss of asphalt mixture adjacent to the panels, but
this appeared to be a minor issue at the time the photo was taken.

For the most part, the joint sealant appears to be in acceptable shape in
this photo, but it is not known what type of sealant was used or how long it

had been in place.

The size of the panels appears to be approximately 2 by 5 ft.
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Figure 18. Overview of UHMW polyethylene panels at Eglin AFB.

Eielson AFB, Alaska

The panels at Eielson AFB were inspected on June 25, 2008. Each of the
two arresting systems inspected consisted of panels placed in concrete
with the concrete extending out over 200 ft in both directions (Figure 19).
The panels on the south end of the runway were constructed in 2001, and
the panels on the north end of the runway were constructed in 1995.

The joints had been sealed, but in many spots the sealant had been
completely removed (Figure 20). Figure 20 shows some spalling in the
concrete adjacent to the panels. This spalling was likely caused by snow
removal equipment but could have been caused by incompressibles in the
joints or by the cable beating against the concrete. In the best locations,
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Figure 19. Overview of UHMW polyethylene panels at Eielson AFB showing
concrete on both sides of the panels (south end of runway).

Figure 20. Loss of joint sealer between panels and concrete pavement
(south end of runway) at Eielson AFB.

the sealant was in reasonably good shape, but in many locations it did not
perform well. In at least one location the backer rod that was underneath
the sealant was damaged and exposed (Figure 21). It is not clear if the
backer rod was damaged during construction or if something happened
after construction to cause the damage and exposure of the backer rod. It
is interesting that the concrete is spalled slightly in the same area. This
damage may be the result of the cable beating against the concrete, snow
removal equipment, or some other occurrence.
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Figure 21. Exposure of backer rod between panels and concrete pavement
(south end of runway) at Eielson AFB.

An overview of the panels on the north end of the runway is provided in
Figure 22. Typical spalling of the concrete is shown in Figure 23.

Figure 22. Overview of UHMW polyethylene panels at Eielson AFB showing
concrete on both sides of the panels (north end of runway).
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Figure 23. Typical spalling in concrete adjacent to panels at north end of runway
at Eielson AFB.
Elmendorf AFB, Alaska

The panels at EImendorf AFB were inspected in June 2008. Observations
made during these inspection trips are summarized below.

The pavement on Runway 34, which was 6 to 8 years old at the time of
inspection, was in reasonably good shape (Figure 24). There was a strip of

7

Figure 24. Overview of UHMW polyethylene panels on
Runway 34 at EImendorf AFB.
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concrete, approximately 4 ft wide, on the surface on both sides of the pan-
els. There was some deterioration (Figure 25) in the asphalt mix adjacent
to the concrete next to the panels. The deterioration primarily consisted of
loss of material from the asphalt mixture immediately adjacent to the
concrete strips. This damage was likely the result of snow plow damage
and/or some construction deficiency immediately adjacent to the concrete
strips. It appeared that the asphalt mixture had been patched for a width
of approximately 1 ft on both sides of the concrete slabs. The arresting
system on Runway 34 violated the recommendations of the AFI by
changing from asphalt to concrete within 200 ft of the arresting cable.

Figure 25. Some damage to the asphalt mixture adjacent to the concrete
strip on Runway 34 at EImendorf AFB.

The sealant in the joints between the panels and the concrete and between
adjacent panels was in poor shape (Figure 26). It appeared that the joints
were initially sealed with some type of sealer, and the performance was
poor. The joints were then sealed with another sealer (Figure 27), which
looked like a rubberized asphalt sealant, to help hold the old sealant in
place and to waterproof the joints. This rubberized sealant was actually
applied to the surface of the panels and the adjacent pavement and was
not placed directly in the joints. It appeared that this rubberized sealant
adhered to the surface of the panels as well as the adjacent pavement. It is
doubtful, however, if this sealant would perform satisfactorily when placed
in the joints where the amount of movement is very high.
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Figure 27. Excessive sealant on the pavement surface on
Runway 34 at EImendorf AFB.

The panels appeared to be in satisfactory shape. The recesses at the top of
the anchors appeared to have been sealed, but some of this sealant had
worn off, exposing the ends of some of the anchors. There was no
noticeable problem with the anchors; however, for the most part, they
were covered with sealant (Figure 28) and could not be inspected.
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Figure 28. Partially sealed anchors on Runway 34 at EImendorf A
The asphalt mixture appeared to have been placed by machine in the
transverse direction adjacent to the concrete strips. The paver then paved
the remaining asphalt on the runway in the longitudinal direction. This
approach allowed the contractor to do a better job of getting adequate
density immediately adjacent to the concrete strip.

The barrier on Runway 06 had concrete pavement on both sides of the
panels. The concrete was 3 to 4 years old. The panels were placed with the
long dimension in the longitudinal direction (Figure 29). This is not the
procedure recommended by the AFI. There did not seem to be any particu-
lar problem due to this orientation, but it does use much more of the
expensive panels. In warmer climates, this will also likely cause much
more expansion and warping problems.

The condition of the adjacent pavement was very good, with only very
minor spalling and some minor scarring of the surface due to action of the
cable under traffic (Figure 30). The condition of the panels was good, with
no particular problems. The sealant appeared to be intact for most of the
joints (Figure 31), but there was some loss in bond between the sealant
and the panels (Figure 32).




ERDC/GSL TR-09-26

26

3 : _I, -i’ : E
! ..-’; I‘.'".."} = e el .
Figure 29. Overview of panels on Runway 06 at EImendorf AFB.

Figure 30. Minor surface wear of the pavement surface and rounding
of the edges on Runway 06 at EImendorf AFB.
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Figure 31. Sealant in reasonably good condition on
Runway 06 at EImendorf AFB.

Figure 32. Sealant in poor condition on Runway 06 at EImendorf AFB.

The 24 end of the runway had asphalt pavement adjacent to the barrier
panels (Figure 33). There was a concrete strip on the surface on both sides
of the panels. The width of the concrete strips appeared to be approxi-
mately 2 ft. There was some minor scarring of the concrete surface due to
the action of the cable under traffic. There was some loss of aggregate in
the asphalt mixture but no significant cracking.
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Figure 33. Overview of panels on Runway 24 at EIm

endorf AFB.
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There was also a bump between the asphalt pavement and the concrete
strip caused by the concrete protruding above the asphalt mixture
(Figure 34). Grinding is a good method to make this smooth at this
location, as well as any other location having a similar problem. One
concern is that this bump will cause the hook to skip and not engage the
cable.

=F TR AT R T
Figure 34. Bump between asphalt pavement and concrete strip on
Runway 24 at EImendorf AFB.

The panels appeared to be in good shape with no significant damage. The
sealant between the concrete strip and the asphalt pavement appeared to
be performing satisfactorily in much of the area but not well in others. The
sealant between the panel and the concrete strip was not performing
satisfactorily (Figures 35 and 36). The anchors had been sealed and could
not be inspected. There was no evidence that there were any problems
with the anchors.

Hill AFB, Utah

Hill AFB was visited on December 6, 2007, and the panels on

Runway 14/32 were inspected. This runway was an asphalt pavement that
was overlaid in 2005. The polyethylene panels were removed from the
underlying foundation, and the asphalt was placed up to and over the
concrete foundation. The asphalt was then cut out to a point slightly away
from the panels to allow room for the panels and sealant. The panels were
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then replaced. The overall condition of the panels, sealant, and adjacent
asphalt is shown in Figure 37.

Figure 35. Condition of sealant between the concrete and asphalt pavements
was generally good on Runway 24 at EImendorf AFB.

WA
Figure 36. Poor performance of sealer between two
and between the panels and the adjacent concrete on
Runway 24 at EImendorf AFB.

The asphalt surface, which was only 2 years old at the time of inspection,
was in good shape. Some grinding of the asphalt surface had been done
adjacent to the panels to provide a smooth surface over the asphalt mix
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and across the panels. The panels at this location were 2 by 10 ft, and the
tie-downs were 10 ft apart. This length of panels exceeds that recom-
mended by the AFI on cable systems.

Figure 37. Overview of panels on Runway 32 at Hill AFB.
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The manual recommends that the length of each panel be 4 ft, but not to
exceed 5 ft. The primary reason for this is that the longer panels will result
in more warping, resulting in significant problems. Significant movement
with temperature changes had occurred at the time of inspection, leaving a
gap of over 1 in. between panels. The sealant did not bond very well to the
panel edges. This has been a problem since these types of panels began to
be used in the United States over 15 years prior to the preparation of this
report and would be expected to be even a bigger problem with these long
panels. The surface of the panels appeared to be slightly below the surface
of the asphalt as recommended.

As shown in Figure 38, the condition of the asphalt was reasonably good
adjacent to the panels. There was some breaking over of the asphalt, but at
the time the panels were inspected, this was not a problem. The tie-downs
are recommended to be placed no closer than 2 ft from the end of the pan-
els, and it can be seen that it is much closer. There was no damage to the
asphalt from the cable or hooks on the end of the runway in which the
cable was being used.

Figure 38. Condition of panels, sealant, and adjacent
asphailt at Hill AFB, Runway 32.

After completing the asphalt overlay in 2005, personnel at Hill AFB
decided to remove the asphalt for approximately 200 ft on each side of the
panels and replace with concrete. At the time of the inspection, this
concrete had been placed on the 14 end of the runway, but the panels had
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not been replaced. A trench was being cut in the concrete in the area in
which the panels were going to be placed, as shown in Figure 39.

Figure 39. Saw cuts prior to removal of concrete
for replacement of polyethylene panels
on Runway 14 at Hill AFB.

The asphalt on the 32 end of the runway was scheduled to be removed in
the spring of 2008 and replaced with 400 ft of concrete (200 ft on each
side of the panel, just as constructed on the 14 end).

Holloman AFB, New Mexico

The pavements containing barrier cables at Holloman AFB were investi-
gated on December 7, 2007. Three runways at Holloman (16/34, 04/22,
and 07/25) had barrier cables, and the barrier cables on all three were
investigated. There were barrier cables on five of the six ends, including
34,16, 04, 22, and 25. Each of these barriers was evaluated and is dis-
cussed below.
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Photos of the panels on Runway 34 are provided as Figures 40 and 41. The
concrete on this runway end was placed in 2005. The panels were also
replaced in 2005. On this runway, the concrete adjacent to the panels was
an extension of the concrete ends. This extension required that
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Figure 41. Condition of panels, sealant, and concrete
on Runway 34 at Holloman AFB.
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approximately 500 ft of additional concrete be used to tie into the exten-
sion and go approximately 200 ft past the UHMW panels. The center por-
tion of the runway was asphalt, but the portion of the pavement around
the panels was concrete.

The size of the panels used on this project was 2 by 5 ft. Silicone sealant
was used to seal around the panel edges. Tie-downs were placed at
approximately 10-ft intervals. The condition of the concrete adjacent to the
panels was good (Figures 40 and 41). Although the condition of the panels
was good, they did have to be ground down in some places to keep the
panels slightly below the surface of the adjacent concrete. The panels tend
to warp during temperature changes, occasionally requiring the panels to
be ground to be made smooth.

The concrete on the 16 end of the runway was placed in 1991. The panels
were replaced in 2005. As indicated above, the concrete here was an exten-
sion of the concrete ends. On this end of the runway, the tie-downs were
placed at 15-ft intervals. This spacing seemed to result in more damage to
the pavement since the cable was able to move more under traffic. Also,
the panels did not extend the full width of the runway, resulting in some
damage in the areas past the end of the panels. It appears that the panels
should have been placed a greater distance, resulting in the end of the pan-
els being closer to the end of the cable.

The condition of the concrete adjacent to the panels was reasonably good
considering that the concrete was 16 years old when inspected. There were
some problems with the sealant, especially between the panels. Fewer
problems were noted with regard to the sealant between the concrete and
the panels. For the most part, the sealant looked good (Figures 42 and 43).
Itis clear from Figure 43 that additional sealant was added in various loca-
tions as needed.

The asphalt and panels on runway end 22 were 12 years old (Figures 44
and 45). The sealant used on this project was a hot pour sealant (ASTM
D3406 material). This sealant material was very stiff and was no longer
effective in providing the resilience needed to perform as a sealant. Also,
some silicone sealant had been used. This sealant was still flexible and able
to tolerate the movement caused by temperature changes. There was some
breaking off of the asphalt adjacent to the panels. The sealant had lost
bond with the polyethylene panels and with the asphalt in some places.
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There were some pieces of asphalt in the sealant as a result of the asphalt
edge being damaged. It is not clear if this damage occurred as a result of
traffic or if it occurred as a result of being pulled apart by the sealant dur-
ing cold weather as the joints opened. Certainly, some of the breaking

Figure 42. Overview of barrier cable on Runway 16 at Holloman AFB.

Figure 43. Condition of pavement, sealant, and panels
at Runway 16 at Holloman AFB.
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Figure 44. Overview of barrier cable on
Runway 22 at Holloman AFB.

AT 8 e ] i A LRRES
Figure 45. Condition of asphalt, sealant, and panels
on Runway 22 at Holloman AFB.
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of the asphalt edge was caused by traffic, since more breakage could be
observed in the traffic areas than in other areas.

The panels did not extend the full width of the runway and, as a result,
some significant damage had occurred due to the cable beating the pave-
ment outside the area having panels. There was no damage to the asphalt
caused by the hooks or damage to the asphalt from the cables except where
the panels were not installed far enough from the centerline toward the
shoulders.

It is also interesting to note that the gap between panels was not constant
from one end of the gap to the other. It is believed that the gap was ini-
tially equal, but over time there was some distortion within the panel. This
distortion could have been caused by the forces formed in the panel due to
temperature changes in combination with the restraint of movement
caused by the anchors. The distortion was more likely caused as a result of
the cable continually beating the surface of the panels, as evidenced by the
scarring of the panel surface.

The age of the pavement and panels and the condition of the sealant, pave-
ment, and panels on the 04 end was very similar to that on the 22 end
(Figures 46 and 47). There was some warping of the panels, sometimes
causing the edges of the panels to be higher than the adjacent pavement
surface. The civil engineering staff at Holloman AFB made an effort to
maintain the surface of the panels slightly below that of the adjacent pave-
ment.

The condition of the asphalt that was placed on Runway 25 in 1996 was
very good, except adjacent to the panels where some breakage of the edge
had occurred. There was very little cracking and very little raveling, and
the longitudinal joints were in very good shape as indicated by the fact that
they were very difficult to see. The condition of the panels and adjacent
sealant and pavement was very similar to that on Runway 22 (Figures 48
and 49). There was some significant warping of the panels, as shown in
Figure 49. The joint sealant had lost bond in many cases, and there was
some breakage of the asphalt adjacent to the joint.
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Figure 46. Overview of barrier cable on
Runway 04 at Holloman AFB.

Figure 47. Condition of pavement, sealant, and panels
on Runway 04 at Holloman AFB.
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. Condition of pavement, panels, and sealant
on Runway 25 at Holloman AFB.

RAF Lakenheath, England

The pavement and panels at RAF Lakenheath were inspected on May 5,
2008. The pavement surface course was a porous friction course (PFC)
that was about 15 years old. The panels were placed in 2007, so they were
about 1 year old at the time of inspection (Figure 50). It appears that the
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friction course was milled transversely for about 10 ft on each side of the
panels. This was done to allow a transverse lane to be placed adjacent to
the panels. The PFC immediately adjacent to the panels was placed when
the panels were placed in 2007. The adjacent pavement was in very good
shape (Figures 50 and 51), and the pavement outside this transverse strip
of PFC was also in good shape especially considering that it was about

15 years old (Figure 52).

Figure 50. Overview of panels at RAF Lakenheath.

Figure 51. Condition of pavement adjacent to panels at RAF Lakenheath.
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Figure 52. Condition of 1-year-old PFC and
15-year-old PFC at RAF Lakenheath.

The panels appeared to be in good shape (Figure 53). No sealant was used,
so the PFC was placed up against the panels. The gap between panels
appeared to be reduced due to beating of the cable near the midpoint of
the panel width. The anchors appeared to be in good shape.
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Figure 53. Panels were in good shape but some unevenness at joint underneath
cable likely due to beating of the cable (RAF Lakenheath).

Luke AFB, Arizona

The pavement at Luke AFB, which was inspected on April 21, 2008, was
in reasonably good shape (Figure 54). The pavement and panels were
approximately 5 years old at the time of inspection. The two sets of barrier
panels investigated were installed at the same time and had very similar
characteristics. A concrete strip was constructed on either side of the bar-
rier cable and extended out for approximately 20 ft. This is contrary to
guidance specified in the AFI, which says that no change in pavement type
should be made within 200 ft of the cables.

The concrete generally appeared to be in good shape, but there was some
localized spalling (Figure 55). The spalling was likely caused by poor qual-
ity mixture adjacent to the panels and incompressibles getting into the
joints. The incompressibles likely resulted in damage to the concrete dur-
ing hot weather when the panels elongated, resulting in significant forces
on the concrete.

The panels were in good shape, but there was some wear from the cable
and some closing of the joint spacing due to the cable beating on the sur-
face of the panels (Figure 56). The wear was very minimal and was not
likely to create a problem. However, the closing of the joint between the
panels might make it very difficult for the joint sealer to work
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Figure 55. Some localized spalling of concrete at Luke AFB.

satisfactorily, since the joint would likely completely close during hot
weather in the area where the gap is smallest. The sealant between the
asphalt and concrete had lost most of its effectiveness (Figure 56).

The original sealant was placed when the panels were installed 5 years
prior to inspection, and only some small amount of additional sealer was
applied to localized areas.
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Figure 56. Condition of sealer satisfactory in spots and
damaged in other areas at Luke AFB.

The anchors appeared to be in good shape (Figure 57). There was no
sealant in the recesses at the anchor ends, and there appeared to be little
corrosion, probably due to the dry climate.
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Figure 57. Some deformation in the panels and some wear
from beating of the cable at Luke AFB.
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MacDill AFB, Florida

The panels at MacDill AFB (Figure 58) were inspected on March 25, 2008,
and were in reasonably good shape. The panels were approximately

Figure 58. Overview of panels at MacDill AFB.
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3 years old at the time of inspection. The joints adjacent to and between
the panels had been resealed approximately 3 months prior to the inspec-
tion. In this case, the asphalt pavement was constructed immediately adja-
cent to the panels with room remaining for joint sealer material to be
added. The joint sealant appeared to be in good shape (Figure 59), but it
had been resealed approximately 3 months earlier.

Figure 59. Condition of sealant after 3 months in place at MacDill AFB.

The condition of the pavement adjacent to the panels was satisfactory.
However, the texture was open, and it appeared that some of the fines
were lost with time. There was some loss of mix immediately adjacent to

the panels, much of which was likely due to loss of aggregate during traffic.

There was some grinding of the asphalt surface to make it more level with
the panels (Figure 60). It appears that, here, the panels expanded in hot
weather, pushing the asphalt mixture upward slightly, requiring that
grinding be done to make it level.

The anchors could not be inspected since they were sealed at the surface,
but there was no evidence that there was a problem with the anchors.
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Figure 60. Loss of mix adjacent to the panels at MacDill AFB.

McChord AFB, Washington

The panels at McChord AFB were installed in 2004, and by the end of
2007 there were plans under way to remove the panels and use asphalt
mixture as a sacrificial surface. The panels that were installed in 2004
were not inspected as a part of this project. There were a number of rea-
sons for electing to remove the panels, including the loss of at least one
anchor bolt. Figure 61 shows that the anchor bolt and nut apparently
sheared off or was pulled out. This could be the result of improper installa-
tion, damage to the anchor when placed, or damage by equipment or traf-
fic after placement. The sealant did not perform very well. After a short
period of time, the sealant became ineffective due to loss of bond, primar-
ily with the panels.

There was some loss of asphalt mixture adjacent to the panels (Figure 62).
It appears that this material broke near the edge under traffic, resulting in
the damage and loss of material.
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Figure 62. Loss of asphalt mixture immediately adjacent to the panels at McChord AFB.
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Selfridge ANGB, Michigan

Selfridge ANGB was not visited as a part of this study, but photos of the
panels at Selfridge were provided. An overview of the panels is provided in
Figure 63. The panels appeared to be in good shape with some very minor
spalling of the concrete edge. Generally, the bond between the sealant and
the concrete and panels appeared to be good. The recesses in which the
ends of the anchor bolts were located were not sealed. The ends of the
anchor bolts appeared to be in good shape, with no significant corrosion or
other problem. The panels generally appeared to be 2 ft wide by 2 to 4 ft
long.

b
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Figure 63. Overview of panels at Selfridge ANGB.

Seymour Johnson AFB, North Carolina

Seymour Johnson AFB was not visited as a part of this project, but photos
of one barrier system there were provided. These photos were taken in
January 2008. The panels were installed in a concrete pavement. The
setting bed deteriorated over a period of time, resulting in the panels
deforming near the middle of the panels (Figure 64). There are several
reasons that the setting bed may have deteriorated, but one likely cause is
water getting underneath the panels and exerting pressure on the setting
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Figure 64. Deformed panels at Seymour Johnson AFB.

bed material under traffic. Another likely cause is that the quality of the
setting bed may have been deficient. The recommended solution here is to
remove the panels, remove and replace the setting bed, and then reinstall
the panels. Some of the panels have been damaged and may need to be
replaced before reinstalling. It also appears that there might be some wear
near the middle of the panels, such as that observed on other projects.

It also appears from Figure 64 that the tie-downs were not located cor-
rectly in the panels. The guidance indicates that the tie-downs should be
placed in the middle of the panels, but here it can be seen that the tie-
down is within 1 ft of the edge and very near the anchors.

Figure 65 appears to show one or two anchors sticking up above the top of
the panels. This may have been caused by the panels deforming as a result
of deterioration of the setting material or may be caused by some other
reason. If the anchors do stick up above the panels, they should be ground
down sufficiently to keep them below the panel surface.

As shown in Figures 64 and 65, it is clear that the sealant has not per-
formed satisfactorily. There was no sealant in the recesses around the
anchors.
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Figure 65. End of anchor sticking up near top of
panels at Seymour Johnson AFB.

Shaw AFB, South Carolina

At Shaw AFB, four areas having arresting cables were inspected on April 4,
2008. An overview of the panels at the 22 end of Runway 22 R (right) is
provided in Figure 66. The adjacent pavement is concrete. It appears that
a section of concrete approximately 15 ft wide was removed and new con-
crete placed in which to construct the barrier system. The top portion of
the concrete in the middle of the new concrete slab was then removed
approximately 2 ft wide and deep enough to allow for the setting bed and
the panels to be placed. The panels were generally 2 by 4 ft.

At this location, a keyway was cut in the side of each panel to allow sealant
to fill. This provided additional sealant and an effective wider joint to be
filled. This often resulted in improved performance. The sealant did not
always bond to the panel, but the sealant in the keyway allowed the sealant
to stay in place. In fact, Figure 67 shows that the sealant appears to bond
better to the panel than to the concrete. Based on performance at other
locations, this improvement in sealer performance was almost certainly
the result of the keyway. Even with the better bond to the panel, the seal-
ant was not very effective. It appeared to fail in adhesion to the concrete.
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Figure 66. Overview of panels on Runway 22 R at Shaw AFB.

Sealant was used to fill the recess at the end of each anchor. In most cases
this sealant in the recess was performing satisfactory; however, in a few
cases, there was some loss of sealant (Figure 68). Two types of sealant
were used at this location, silicone and GARDOX®. In the opinion of the
local staff, GARDOX®, produced by W. R. Meadows, Inc., provided the
best results. Even though some moisture had gotten through the joints and
underneath the panels, there had been no noticeable pumping.
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Figure 68. Loss of sealant in recess for anchor at Runway 22 R at Shaw AFB.

No warping was noticeable at the time of inspection. According to the local
staff, warping was not a big issue, probably because the panels were no
more than 4 ft long.

The panel system at the 4 end of Runway 22-4 R was approximately

15 months old at the time of inspection. The adjacent pavement was con-
crete. An overview of the cable system is shown in Figure 69. At the time of
inspection, the cable had been moved off the runway.

It appeared that a section of concrete approximately 15 ft wide was
removed, and new concrete placed in which to construct the barrier sys-
tem. The top portion of the concrete in the middle of the new concrete slab
was then removed approximately 2 ft wide and deep enough to allow for
the setting bed and the panels to be placed. The panels were generally 2 by
4 ft.

The sealant had pulled away from the concrete but still appeared to be
intact as a result of the keyway in the panels (Figure 70). The joints in the
panels did not always match the joints in the concrete (Figure 71).

The panel system at the 22 end of Runway 22-4 L (left) (shown in

Figure 72) was constructed in 1997. The adjacent pavement is concrete. It
appears that a width of 12 to 15 ft of the existing concrete pavement was
removed and replaced when the panels were installed.
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Figure 69. Overview of panels at Runway 4 R at Shaw AFB.
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Figure 70. Sealant pulled away from concrete at Runway 4 R

at Shaw AFB.
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Figure 72. Overview of panels on Runway 22 L at Shaw AFB.

The panels were in good shape at the time of inspection. While there
were some sealant problems, much of the sealant was performing well
(Figure 73). The sealant was generally not performing well when placed
in the joint between adjacent panels. The recess at the end of the anchors
was sealed, and for the most part the sealant appeared to be performing
satisfactorily.
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Figure 73. Performance of sealant and offset of joints in panels and
concrete on Runway 22 L at Shaw AFB.

The joints between the panels did not always match the joints in the
concrete (Figures 73 and 74). In fact, the joint in the concrete in Figure 70
is very close to the anchors. The joint in the concrete can lead to a weak
point in the foundation underneath the panels and result in loss of the
anchors.

Figure 74. Offset of joint between panels and joint in concrete
at Runway 22 L at Shaw AFB.
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The panel system at the 4 end of Runway 22-4 L was built in 2006. This
panel system was inspected on April 4, 2008. An overview of this panel
system is provided in Figure 75.

Figure 75. Overview of panels at Runway 4 L at Shaw AFB.

The joint sealant for location 4 had pulled away from the concrete and also
had problems between two adjacent panels (Figure 76). The keyways were
used in the panels, and it can be seen that the sealant in between the

s

Figure 76. Performance of joint sealants at Runway 4 L at Shaw AFB.
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panels had not performed very well. However, it had not been dislodged
from the pavement due to the extra width of sealant required as a result of
the keyways. The recess at the end of each anchor had been sealed, and the
sealant was performing very well in each recess.

There was no noticeable warping of the panels and no observed water
pumping issues. The joints between the panels did not always match the
joints in the adjacent concrete (Figure 77).

Figure 77. Joints in concrete do not match joints between panels at
Runway 4 L at Shaw AFB.

Spangdahlem AFB, Germany

The panels at Spangdahlem AFB were inspected on May 8, 2008. The
barrier consisted of panels placed in concrete with the concrete extending
approximately 10 ft on either side of the panels (Figure 78).

A SMA mixture that was placed in 2007 was the surface used on the
remainder of the pavement (Figure 79). This placement of the panels does
not meet the guidelines documented in AFI 32-1043, Appendix A8, but the
performance had been good according to the local staff. The guidelines say
that the mix type should not change within 200 ft of the barrier panels. In
this case, the mix type changed at approximately 10 ft from the panels.
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Figure 78. Overview of panels at Spangdahlem AFB.

The panels were placed in 1998 and did not have to be removed during
construction since the SMA mixture was not immediately adjacent to the
panels. The size of the panel appears to be 2 by 5 ft. There is no damage of
the SMA next to the concrete slab, but the SMA was only 1 year old at the
time of inspection. Sealant was used between and around the panels, but
the sealer was in poor shape at the time of inspection. The sealant used
around the panels appeared to be silicone type sealant. There was no
sealer in the recess around the anchor bolts. The sealer between the SMA
and concrete was only 1 year old and was in good shape at the time of
inspection (Figure 80).

There was some damage, which had been previously repaired, in the edge
of the concrete slabs adjacent to the panels (Figure 81). It appears that
some spalling had occurred, probably as a result of the panels expanding
during the summer time or use of snow removal equipment during the
winter. The joints in the concrete did not exactly match the joints in the
panels (Figure 82).

The overall condition of the panels was good. The sealant was in poor
condition, very similar to most other locations. There appeared to be no
performance problems with the anchor bolts. There was no sealant around
the anchor bolts. Some spalling had occurred in the adjacent concrete.



ERDC/GSL TR-09-26

61

Figure 79. Surface of SMA pavement at Spangdahlem AFB.
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panels at Spangdahlem AFB.
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Figure 82. Joints between panels did not match joints in adjacent
concrete at Spangdahlem AFB.

Tinker AFB, Oklahoma

The panels at Tinker AFB were not inspected as a part of this study, but
photos were provided. These photos were taken in 2004. An overview of
the panels is provided as Figure 83.

The keel section was concrete, and asphalt mixture was used on each side
of the keel. The panels, which appeared to be 2 by 5 ft, seemed to be placed
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Figure 83. Overview of panels at Tinker AFB.
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for the full extent of the concrete pavement. They actually ended immedi-
ately adjacent to the asphalt portion of the pavement.

The sealant in the longitudinal joints did not appear to be performing
satisfactorily. There did not appear to be any sealant in the anchor bolt
recesses (Figure 84). There also appeared to be some minor spalling in the
concrete adjacent to the panels.

Figure 84. Lack of sealant in recess at
end of anchor at Tinker AFB.



ERDC/GSL TR-09-26 66

Tyndall AFB, Florida

Tyndall AFB was visited on March 21, 2008 to inspect the panels and
pavements around the barrier cables. An overview of the panel system for
Runway 13 L is provided in Figure 85.

The sealer appeared to be in good condition in most cases; however, there
were some places where the sealer had pulled away from the panel or
concrete. Many of the recesses at the openings cut for the anchors did not
contain sealer (Figure 86).

Figure 85. Barrier cables at Runway 13 L at Tyndall AFB.
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Figure 86. Barrier cable at Runway 13 L at Tyndall AFB
showing no sealant in anchor recess.

The joints in the concrete should be matched with the joints between the
panels when the panels are placed. There were some cases where this did
not happen. In fact, in at least one case, the joints in the concrete were
lined up with the anchors in the panels (Figure 87).

The panels at Runway 13 L appeared to be in good condition; however,
there is some surface deterioration due to the cable whipping under traffic
(Figure 88). The condition of the pavement adjacent to the panels was
good.

The panels on Runway 31 R were replaced in 2006. An overview of this
panel system is shown in Figure 89. The recesses around the anchor ends
had been sealed and were generally still sealed (Figure 90) at the time of
inspection. One of the recesses, shown in Figure 90, did not have sealant,
and the end of the anchor was beginning to show some rusting. The
sealant in the joints was generally good, but some pulling away from the
sides could be seen (Figure 90).
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Figure 87. Barrier Cable at Runway 13 L at Tyndall AFB showing
joints in concrete not matching joints between panels.

Figure 88. Barrier Cable at Tyndall Runway 13 L showing minor damage
to panel from beating of the cable.
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Figure 89. Overview of barrier cable at
Runway 31 R at Tyndall AFB.

18 i" { ".
Figure 90. Rust in anchor recess where sealer had been
lost at Runway 31 R at Tyndall AFB.
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An overview of the panels on Runway 31 L (BAK-12) is shown in Figure 91.
These were replaced in 2005. For the most part, the sealant was
performing very well (Figure 92).

Figure 91. Overview of barrier cable (BAK-12)
at Runway 31 L at Tyndall AFB.

The recesses at the end of the anchors had been sealed, but in some cases,
this sealant was beginning to be lost. The condition of the pavement
adjacent to the panels was good.

The cable had not caused any damage to the panels, but some scarring of
the surface had occurred (Figure 93). There was some loss of performance
of the sealant and some minor spalling of the adjacent concrete

(Figure 94).
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Figure 92. Barrier cable (BAK-12) at Runway 31 L at Tyndall AFB showing good sealant.
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Figure 93. Some minor scarring at BAK-12 due to the cable beating the
surface under traffic at Runway 31 L at Tyndall AFB.
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Figure 94. Some sealant damage at BAK-12 and some minor spalling
in the adjacent concrete at Runway 31 L at Tyndall AFB.

An overview image of Runway 31 L (E-5) is shown as Figure 95. There is
concrete on one side of the panels and asphalt on the opposite side. On the
side with asphalt, there is approximately a 1-ft strip of concrete between
the panels and the asphalt.

The panels were in good shape with some minor scarring on the surface
(Figure 96). The sealant was in good shape in the joints, but the recesses
had not been sealed (Figure 97). The adjacent pavement was in good shape
on both sides of the panels.

The panels are generally in good condition, but there was some deviation
in surface elevation between adjacent panels (Figure 98). This problem is
most likely due to warping of the panels during temperature changes. An
overview of the panels on Runway 13 R is shown as Figure 99.

The sealant between the panels and the adjacent concrete was in good con-
dition, but the sealant in the joints between the panels had lost its bond to
the panels (Figure 100). This loss of bond is due to the large amount of
movement during temperature changes. The joint generally reduces from
an opening of up to 1 in. during cold weather to nearly closed during hot
weather. It is very difficult for a sealant to perform satisfactorily with this
high amount of movement.
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Figure 96. Condition of panels (E-5) and sealant at Runway 31 L at Tyndall AFB.
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Figure 99. Overview of barrier cable at Runway 13 R at Tyndall AFB.
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Figure 100. Loss of sealant effectiveness at joint between panels at Runway 13 R
at Tyndall AFB.
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Observations and Discussion

A significant number of air bases were visited to review the condition of
the UHMW polyethylene panels, the adjacent pavement, and the sealant.
The primary purpose of the study was to look at the condition of the pave-
ment, sealer, and panels and make recommendations about how to
improve the performance on future projects.

The age of the panels and adjacent pavement surfaces varied from less
than 1 year up to 15 years. Certainly, the age of the panels and pavements
has a significant effect on performance, but it appeared from all of the vis-
its that most of the problems were related to poor performance of the seal-
ant and the effects of temperature changes on the elongation, shrinkage,
and warping of the panels. If placed correctly, the panels for the arresting
cable system have been shown to provide good performance for up to

15 years and longer with routine maintenance to keep the joints sealed.
The asphalt pavement surface adjacent to the panels was shown to last up
to approximately 15 years, and the concrete pavement adjacent to the
panels lasted even longer. A summary of performance of the panels
investigated is provided in Table 1. A summary of the performance
problems observed is provided in Table 2.

Table 1. Summary of performance for sites inspected.

Overall Adjacent Age of

Barrier Cable |Condition of |Pavement |Pavement |Panels,

Location Cable System | Type Age, years |years Comments
Approx. 10-ft-wide concrete
strip on both sides of panels
before start of asphalt. No
joint and no sealer between

Aviano Good Asphalt 9 9 asphalt and concrete.

Buckley Satisfactory |Concrete |— |[-—
Concrete on one side and

Concrete asphalt with 10-ft strip of

Davis- and concrete on other side.

Monthan Fair asphalt 10 Damage to panels.

Eglin Good Asphalt  |[—  |—

Eielson south

end Good Concrete |7 7

Eielson north

end Satisfactory |Concrete |13 13
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Overall Adjacent Age of

Barrier Cable | Condition of |Pavement |Pavement |Panels,

Location Cable System | Type Age, years |years Comments
Asphalt pavement on both
sides with 2- to 3-ft concrete
strips between panels and

Elmendorf 34 | Fair Asphalt  |-— |- asphalt.
Panels placed with long
dimension in longitudinal

Elmendorf 06 |Satisfactory |Concrete |3-4 34 direction.
Panels placed with long
dimension in longitudinal
direction. Asphalt on both
sides of panels after 2-ft

Elmendorf 24 | Satisfactory |Asphalt 34 34 concrete strip.
Panels 10 ft long. Plan to
remove asphalt for 200 ft on
each side of panel and
replace with concrete. The
last asphalt overlay was
placed over barrier
foundation and cutback to

Hill 32 Fair Asphalt 2 |- allow placement of panels.
Asphalt pavement was
recently replaced with
concrete pavement and
panels not replaced at time

Hill 14 of inspection.

Holloman 34 | Good Concrete |2 2

Holloman 16 | Good Concrete |16

Holloman 22 | Fair Asphalt 12 12

Holloman 04 | Fair Asphalt 12 12

Holloman 25 | Fair Asphalt 12 12
PFC placed transversally
adjacent to panels. No joints

Lakenheath Good Asphalt 1 1 and no sealer.
Asphalt on both sides after
approximately 15-ft concrete
slabs. Some spalling

Luke Satisfactory |Asphalt 5 5 problem.

MacDill Fair Asphalt  |— 3
Planned to remove the
panels and use asphalt

McChord Poor Asphalt  |— 3 surface.

Selfridge Good Concrete

Seymour Loss of setting bed caused

Johnson Poor Concrete  |-— deformation.

Shaw 22 R Satisfactory |Concrete |[— |—

Shaw 4 R Satisfactory |Concrete |- 1
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Overall Adjacent Age of
Barrier Cable | Condition of |Pavement |Pavement |Panels,
Location Cable System | Type Age, years |years Comments
Shaw 22 L Good Concrete |— 11
Shaw 4 L Satisfactory |Concrete |- 2
Asphalt on both sides after
Spangdahlem |Satisfactory |Asphalt 1 10 concrete strips.
Tinker Satisfactory |Concrete |— |—
Tyndall 13L
center Good Concrete |—- 2
Tyndall 31R Good Concrete |—- 2
Tyndall 31L
BAK-12 Good Concrete |- 3
Concrete Concrete on one side and
Tyndall 31L E- and asphalt on opposite side
5 Good asphalt  |— 4 after strip of concrete
Tyndall 13R Satisfaction |Concrete |-—— 3
Table 2. Summary of problem areas.
Problem Areas
Location Pavement Panels Anchors Sealants
Minor spalling of Some corrosion Localized loss of
Aviano adjacent concrete | Satisfactory at top of anchor | bond
Minor spalling of Minor corrosion Localized sealant
Buckley adjacent concrete | Satisfactory at top of anchor | problems
Davis- Minor spalling of Surface damage
Monthan adjacent concrete | and warping Satisfactory Sealant problems
Minor breaking
Eglin over of asphalt Satisfactory Satisfactory Satisfactory
Eielson south | Spalling of Some corrosion Much sealant
end adjacent concrete | Satisfactory at top of anchor | dislodged
Eielson north | Spalling of Minor corrosion Much sealant
end adjacent concrete | Satisfactory at top of anchor | dislodged
Additional sealing
done but losing
Elmendorf 34 | Satisfactory Satisfactory Satisfactory bond
Some resealing
done with
localized loss of
Elmendorf 06 | Satisfactory Satisfactory Satisfactory sealant
Some resealing
done with
localized loss of
Elmendorf 24 | Satisfactory Satisfactory Satisfactory sealant




ERDC/GSL TR-09-26

Problem Areas

Location Pavement Panels Anchors Sealants
Some breaking of
the asphalt edge Sealant has lost
and some grinding bond to panel
Hill 32 required Satisfactory Satisfactory and pavement
At the time of inspection, panels being reinstalled after asphalt replaced with
Hill 14 concrete
Sealant has lost
Some grinding bond with panels
Holloman 34 | Satisfactory required Satisfactory and pavement
Generally
satisfactory but
some loss of
Holloman 16 | Satisfactory Satisfactory Satisfactory bond
Some breaking of | Some warping
the asphalt requiring some Loss of flexibility
Holloman 22 | adjacent to panels | grinding Satisfactory and bond
Some breaking of | Some warping
the asphalt requiring some
Holloman 04 | adjacent to panels | grinding Satisfactory Loss of bond
Some breaking of
the asphalt Some warping
Holloman 25 | adjacent to panels | occurring Satisfactory Loss of bond
Some elongation
Lakenheath Satisfactory of panel Satisfactory No sealer used
Localized spalling | Some elongation Minor localized
Luke of concrete of panel Satisfactory bond loss
Some break over
adjacent to panels
MacDill and some grinding | Satisfactory Satisfactory Satisfactory
Some breaking of
the adjacent
McChord asphalt Satisfactory Loss of anchor Loss of bond
Selfridge Satisfactory Satisfactory Satisfactory Satisfactory
Depression in Anchor end
panel due to protruding up
Seymour inadequate above pavement
Johnson Satisfactory support surface Loss of sealant
Shaw 22 R Satisfactory Satisfactory Satisfactory Loss of bond
Loss of bond and
Shaw 4 R Satisfactory Satisfactory Satisfactory loss of sealant
Loss of bond and
Shaw 22 L Satisfactory Satisfactory Satisfactory loss of sealant
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Problem Areas
Location Pavement Panels Anchors Sealants
Loss of bond and
Shaw 4 L Satisfactory Satisfactory Satisfactory loss of sealant
Some spalling of Minor corrosion
Spangdahlem | adjacent concrete | Satisfactory at top of anchor | Loss of bond
Loss of bond in
Tinker Satisfactory Satisfactory Satisfactory some locations
Small amount of Satisfactory
Tyndall 13 L surface wear except in
center Satisfactory from cable Satisfactory localized areas
Satisfactory
except in
Tyndall 31 R Satisfactory Satisfactory Satisfactory localized areas
Satisfactory
Tyndall 31 L except in
BAK-12 Satisfactory Satisfactory Satisfactory localized areas
Tyndall 31 L
E-5 Satisfactory Satisfactory Satisfactory Satisfactory
Tyndall 13 R Satisfactory Satisfactory Satisfactory Satisfactory

While the panels had generally provided good performance, there were a
number of the panel installations that were not in compliance with the
existing AFI 32-1043, Appendix A8, requirements. The most common
deviation from the AF requirements was a change in pavement type within
200 ft of the barrier cables. Another common deviation was not matching
the joint in the adjacent concrete pavement with the joint between adja-
cent panels. Other deviations observed included panels longer than recom-
mended, long dimension of panels placed in longitudinal direction instead
of transverse direction, and openings for tie-downs and anchors in wrong
location.

The panels that were inspected were generally in good shape. There were
often problems with sealants and performance of adjacent pavements, but
panels and anchor systems were generally in good shape. There appeared
to be some closing of the joints immediately underneath the cables for
some panels (Figure 15). This resulted in the joint width being reduced in
the mid-width portion of the panel as the cable repeatedly impacted the
panel under traffic. This will almost certainly cause damage to the joint
sealant in hot weather when the space between the panels often com-
pletely closes. When this closing of the joint occurs, it tends to squeeze out
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any sealant, resulting in loss of effectiveness. In the worst cases, it is
necessary to recreate the joint before resealing.

There was one location where the panels had actually lost some of the sur-
face integrity (Figure 17). In this case, some of the surface material from
the panels was worn away as a result of the cable impacting on the panels.
It is not clear if this was caused by some imperfection in the panels or if it
was related to some other problem, such as fuel spillage or other issue.
Since this was observed at only this one location, it is likely not a problem
that has to be considered when using this type of panel.

The pavement next to the panels was typically in reasonably good condi-
tion. There was almost always some small amount of raveling or spalling
that had occurred next to the panels. However, in most cases, this was
minor and not a significant problem. Many of the pavements had been
patched in the area immediately adjacent to the panels. The major prob-
lem with the asphalt pavements appeared to be some breaking over of the
asphalt mixture under traffic. By design, the asphalt pavement is con-
structed to be slightly higher than the adjacent panels to help minimize the
potential for cable skip. As the traffic passes over the asphalt pavement,
some amount of breaking often occurs where the asphalt mixture stands
up slightly higher than the panels.

With the concrete pavement, it is not clear what the causes are, but there
was often a small amount of small pieces of broken concrete between the
sealant and the concrete pavement (Figure 23). It is possible that the seal-
ant became ineffective, and incompressibles got into the joint and dam-
aged the concrete during hot weather, when the panels and pavement
mixture expanded, exerting pressure on the concrete. It is also possible
that, in some cases, damage occurred as a result of snow removal equip-
ment. It also appeared that, in some cases, this damage may have been the
result of cable impact under traffic.

Constructing a quality patch in an asphalt mixture can be difficult. Good
confinement is needed, and good compactive effort is required. The final
compacted surface should be smooth and slightly higher than the adjacent
panels. When good density is obtained, the susceptibility to breaking over
under traffic is significantly reduced. An example of patching a narrow
section immediately adjacent to the panels is shown in Figures 101 and
102. The first step is to cut out the bad material and square up the hole.



ERDC/GSL TR-09-26

83

Figure 101. Remove damaged material and square up hole.

SRR Al 2y wd
Figure 102. Fill hole with mix, level, and compact.



ERDC/GSL TR-09-26 84

Then, add sufficient material so that, when compacted, the surface ties in
with the adjacent surface, creating a smooth surface that has the desired
elevation. Make sure a good, tight, dense surface is obtained. High-quality
mixture with good angular aggregate and polymer modified asphalt is pre-
ferred. The panels and the adjacent pavement provide confinement that
will aid in the compaction process. After compaction, a saw cut is needed
to provide a reservoir for sealant between the patch and the panels. It is
essential that the sawed pavement surfaces be adequately tacked, good
mix be used, no segregation occur during handling, and adequate density
be obtained.

On some projects the mix was placed immediately against the panels, and
no reservoir was created for the sealant. These projects generally per-
formed very well up to the time of inspection. This type of process was
generally used in mild climates, so this approach may result in a
significant performance problem in more severe climates. The technique
of not making a saw cut to create a reservoir for sealant is not generally
recommended, and if used, should only be done in mild climates. Sealant
is not used with this technique, since there is no opening in which to place
the sealant.

When the asphalt damage adjacent to the panels is minor, small patches
can typically be made to correct the problem. However, when the damage
is significant, resulting in large areas or many small areas, it is often best
to remove the material the width of a paver and place the mix transversely
to the panels. For example, at Lakenheath, the PFC was placed immedi-
ately adjacent to the panels (Figure 103). The PFC was placed in the trans-
verse direction, allowing the contractor to better match the elevation of the
panels and to achieve better compaction adjacent to the panels. Using this
technique should minimize any breakover of the asphalt pavement surface
that may occur in the future. A saw cut is then made to create a reservoir
for the sealant between the panels and the asphalt pavement.
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Figure 103. Asphalt mixture placed up against panels at RAF Lakenheath.

The technique being used for construction of the panel system in existing
asphalt pavements should be continued. The asphalt pavement material
should be removed to the width and depth specified. Next, the specified
materials should be placed to the depth required and compacted to the
required density. It is important that good density in the base material
underneath the concrete support be obtained. For best density, the
required 1-ft base thickness should be placed in 6-in. lifts and compacted
to the required density. Placing the material in one 12-in. lift may result in
adequate density on the surface of the base, but it may have lower density
underneath. This lower density material in the pavement structure can
result in some additional compaction under traffic, resulting in the eleva-
tion of the panels being lower than required.

There was no area of the pavement adjacent to the panels where signifi-
cant segregation, raveling, cracking, shoving, or rutting was taking place.
Except in areas where warping had occurred or excessive breakover of the
asphalt mixture had occurred adjacent to the joint, there were no areas
where pavement roughness adjacent to the panels appeared to be a prob-
lem. When warping occurred, there was sometimes a bump created as a
result of the panels having an uneven surface. When these bumps
occurred, they were made level by grinding or planing the surface, as
shown in Figure 104. Otherwise, hook skip could be a problem.
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Figure 104. Grinding surface of panel to make smooth.

It was difficult, after the fact, to determine all of the details involving con-
struction procedures that had been used around the panels. However,
much could be determined. There appeared to be little or no handwork
adjacent to the panels. In almost all cases, the adjacent asphalt was placed
by machine traveling in the longitudinal direction. On at least two projects,
a lane of asphalt mixture was placed in the transverse direction, immedi-
ately adjacent to the panels. The remaining lanes tied into the transverse
mat and were placed in the longitudinal direction. This process allows the
first lane to be placed against the panels, resulting in improved compac-
tion at the interface. This process did not appear to damage the panels and
did appear to perform well, based on the limited use of this technique.
After compaction, a reservoir is created by making a saw cut at the inter-
face between the panels and the asphalt pavement.

As desired, the surface of the panels was almost always slightly lower than
the surface of the pavement. However, in some cases, the panels had
warped, resulting in portions of some panels protruding above the adja-
cent pavement. Except for cases where the panels had warped, due to hot
weather, there was not a problem with the panels protruding above the
adjacent pavement. When this warping occurs, it is important that the
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material protruding above the adjacent pavement be ground down to
make it level with the adjacent pavement.

The joint sealant was a major problem. In almost every case, the sealant
had lost adhesion to the panels and had pulled back, allowing water to
seep into the pavement. The most common sealant used was Dow silicone,
but like other sealants used, this material did not perform well. In some
cases, a number of sealants had been tried, with little success. As the seal-
ant continued to fail in areas, the failed material was replaced, sometimes
with a different sealant, resulting in a number of sealants existing at a
given location at any one time. At one base, a material called GARDOX®
was the preferred sealant. It may be necessary to coat the side of the pan-
els with a primer/bonding material that will help provide improved bond
between the sealant and the binder. A keyway in the side of the panels,
similar to that done at one location, could improve performance of the
sealant. Certainly, limiting the panel length will reduce the movement and
improve the probability that a sealant will perform well. It is doubtful that
any sealant will work successfully with the joint width varying from O in.
up to 1 in., which can easily happen if the panels are too long. There are
several options that might help improve performance of the sealants:
reduce length of panels, use keyway to make effective joint width greater,
make wider joint, improve sealants, and improve surface properties of the
panels to allow better bond.

The anchors for the most part were performing well. In one very unusual
situation an anchor was missing (Figure 61). This almost certainly was the
result of improper installation or unsatisfactory materials. This does point
out a need to regularly inspect the arresting system to ensure that anchors
are not lost and to identify other problems that exist. If anchors become
loose, they should be repaired before dislodging, possibly resulting in for-
eign object damage (FOD) problems.

In most cases, the recesses around the top of the anchors were filled with
joint sealant to help ensure that water did not reach the under side of the
panels. Sometimes the sealants in these applications did not work very
well, resulting in the sealant being dislodged with time. In a number of
cases, there was no sealant in the recesses at the time of inspection. This
was often the result of not using any sealant in this area to begin with.
Even though this lack of sealant in the recesses occurred, it did not appear
to result in any significant problem. There was some minor corrosion but
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not enough to cause a problem. However, since sealing this reservoir does
not take much effort, and it will provide some assurance of keeping mois-
ture out, it is recommended that these recesses continue to be sealed when
the joints are sealed.

The only damage that appeared to be the result of traffic was the damage
to the asphalt pavement adjacent to the panels and the scarring on the sur-
face of the panels. The damage to the surface of the panels was minimal, so
the most significant effect of traffic was on the condition of the asphalt
pavement adjacent to the panels.

There were discussions with the local staff on most projects. Generally,
those that had used the UHMW polyethylene panels believed that the pan-
els provided improved performance over previous methods. Prior to
adopting the use of these panels, the area underneath the cables had to be
repaired at least yearly and, in many cases, more often.

There is a need to improve performance of the sealants. Many bases have
tried various types of sealants to help provide some help in this area.
Those involved in the construction and maintenance of the cable system
would like to determine how to minimize the warping of the panels. At one
base, a keyway was formed around the edge of each panel so that the seal-
ant would fill the recess and hopefully provide overall better performance,
since the effective width would be greater. While this did not solve the loss
of bond problem, it did appear to provide some improvement in perform-
ance.

Some of the local technical staff reported that water tends to get under the
panels and pump during traffic. This problem was not observed during the
site visits, but apparently it does exist at some locations. While this
pumping problem does occur, it does not appear to be a major problem.
Water can be trapped where the end of the panels tie into the pavement.
There is a reservoir in which the panels are placed. This reservoir ends at
the location the panels will end. If the reservoir is not continued to the
edge of the pavement, water can pond and cause performance problems in
some cases. Some bases have actually made saw cuts in the pavement sur-
face at these outer portions of the pavement to allow the water to drain to
the pavement’s edge.
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5 Conclusions and Recommendations

Based on field investigations and discussions with Air Force civil engineer-
ing staff, a number of conclusions and recommendations have been devel-
oped concerning the performance of the panels, adjacent pavement, and
sealant. Specific conclusions and recommendations are provided below.

Conclusions

e The use of UHMW polyethylene panels has greatly reduced the amount
of maintenance and repairs required under arresting system cables.
Even after approximately 15 years of being exposed to the environment
and traffic, very little physical damage had occurred with the UHMW
polyethylene panels.

e Panels tend to expand and warp during hot weather, especially when
panels exceed the maximum recommended sizes. This can cause the
panel to protrude above the pavement surface and increase the
possibility of the hook skipping over the cable.

e The anchor system for holding the panels in place has worked well,
and, when installed correctly, does not appear to need improvement.
On one project, an anchor was missing, but this was likely related to
installation problems. However, this does confirm the need for
frequent inspections.

e Most of the barrier systems had problems with performance of the
sealant. The sealants generally do not bond very well to the UHMW
polyethylene panels. One of the problems is the amount of movement
of the panels during changing temperatures. As a result of these
temperature changes, the joint opening can vary from approximately
1in. all the way down to almost closed. It is impossible for a sealant to
perform satisfactorily under these circumstances.

e There was some damage to the pavement surface adjacent to the pan-
els, but this was typically minor. In some cases, the asphalt pavement
tended to break off or ravel adjacent to the panels. The concrete
pavements typically had some very minor amount of spalling adjacent
to the joints. Repairs to the asphalt or concrete need to be performed
using best construction practices to ensure satisfactory performance.

e When the panels do not extend to the pavement edge, water can be
trapped in the area around the end panels, leading to some water
issues in these areas. Some pavement issues have developed (between
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the end of the panels and the anchor for the arresting cable) due to the
cable beating the pavement past the panel area.

e The most common potential causes of damage to the adjacent pave-
ment include cable impacts, expansion of panels during hot weather,
incompressible solids in joint, snow removal equipment, and traffic
crossing over the pavement edge adjacent to the panels.

e Many projects had some part of the installation of panels that violated
AFI1 32-1043. The most common problems were a change of pavement
type within 200 ft of the panels, panels too large, joints in panels not
lining up with joints in adjacent concrete, and openings for tie-downs
and anchors in the wrong location.

Recommendations

e The nominal panel length should be set at 4 ft to help minimize
movement during temperature changes resulting in warping of the
panels and sealant problems. When placing panels adjacent to concrete
pavements, the panels should be cut so that the joints between adjacent
panels match the joints in the concrete.

e Place the panel and sealant during average temperatures when the
joint opening will be about midpoint, approximately 1/2 in., for opti-
mum sealant performance. If the sealant is placed in cold weather, the
joint opening will be wider, resulting in excessive sealant being added
to the joint and being squeezed out later during hot weather. If the
sealant is placed during hot weather, the joint opening is reduced. This
results in only a minimal amount of sealant being added to the joint,
leading to possible adhesive failure during cold weather.

e Final dimensions of the panels will be determined by the joint spacing
in the concrete. Continue to use six anchor bolts for full-size panels. As
described in the AFI 32-1043, the joints in the panels should line up
with the joints in the concrete pavement. The panels should never be
placed so that the joint in the concrete lines up with the anchors, since
this could cause failure of the anchoring system.

e The biggest problem with the anchor system is the potential for loss of
a nut or the nut working loose and sticking up above the top of the
panels. Regular inspections are needed to ensure that the anchoring
system is working satisfactorily without any portion protruding above
the top of the panel and without any portion of the anchors becoming
loose.

e Work is needed to determine the best type of sealant to be used and to
identify the best approach for using sealant. Overall, the silicone
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sealant that has been recommended appears to provide the best
performance of the sealants used, although problems continue. It is
recommended that silicone sealant continue to be used to seal joints
between the panels and between the panels and adjacent pavement.

A keyway was used around the perimeter of panels at one location and
it appeared to improve performance of the sealant. The potential for
using the keyway should be further investigated. In addition, it is
recommended that work be done to identify a primer to be used on the
panels to improve bond. Some improvement in the bond is needed
through reduced panel size (recommended to be 4 ft), improved
sealant material, use of primer on surface of panel, or use of keyway in
the side of the panel. Further work is needed to investigate use of
primer, improved sealant material, and use of keyway.

When patching asphalt pavements adjacent to panels, cut out and
square up the damaged area, tack around the sides of the pavement
edge, tack the bottom of the remaining hole, add new material to the
prepared area, and provide adequate compaction. It is preferred to use
mixes that contain good crushed aggregate and polymer modified
asphalts to minimize damage from aircraft loadings. The patch should
extend at least 2 in. into sound pavement and have a minimum width
of 6 in. The mix should be placed up against the panels and then cut
out with a saw after compaction to form a 1/2-in.-wide joint that can be
sealed. When the area to be patched is small, the damaged area can be
cut out by hand, replaced and compacted. However, when the problem
is large, a width of 10 ft adjacent to the panel should be removed in the
transverse direction. This will permit a paver to work in the transverse
direction and will allow for best placement and compaction. If both
sides of the panels have large amounts of material to be patched, then a
10-ft lane should be removed and replaced on each side of the panels.
Regular inspections of the panel system are needed to ensure that
maintenance is performed when needed and to ensure that there is no
imminent concern for FOD issues. Questions to address during the
survey include what is condition of anchoring system? is elevation of
panels slightly below elevation of adjacent pavement materials? is
sealant in good shape? are there incompressibles in joints? is there
pumping under traffic? what is the condition of the adjacent
pavement? and what is condition of tie-downs?

When it is necessary to place a foundation for the panels, a 12-in. layer
of base course should be placed and compacted in two 6-in. lifts.
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