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PLASTIC (WIRE-COMBED) GROOVING OF A SLIP-FORMED CONCRETE
RUNWAY OVERLAY AT PATRICK HENRY ATRPORT--AN INITIAL EVALUATION

By

Eugene C. Marlin, Executive Director, Perinsula Airport Commission
And

Wulter B. Horne, NASA Langley Research Center

INTRODUCTION

In the early 1960's, NASA research indicated that aircraft skidding
incidents/accidents were principally the result of tire dynamic hydro-
planing effects which occurred during igh speed landings on wet or flocded
runways. Since that time much research has been devoted to develop new
runway surface treatments in an effori tc improve water drainage and tc
provide high skid resistance when wet. As a consequence of this research,
grooved pavements, using the diamond saw technique on cured hard concrete,
and the friction course (porous) asphalt overlay have come to the fore-
ground as standard and reliable surface treatment methods for overcoming
the aircraft tire hydroplaning proh»lem. At the same time research has been
devoted to finding methods for applying the grooving technique to fresh
concrete; that is, grooving the concrect : while it is still ir an u.. ured
plastic state. OJiamond cut concre.- grooving can be expensive, especially
if the aggregate in the concrete is Lard, and the economic advanteges of

grooving concrzate while in a soft or plastic state are obvious.



techrnique using wire combs which was recentliy used to treat the surfsce zf

a 12-inch concrete overlay installed on Runway 6/24 at Patrick Henry Airport.
Alsc described in the paper are the results of an initizl evaluation of the
traction anl drainage characteristics of this new concrete runway surface

treatment condu-ted by the NASA Langiey Research Center.

SACKGROUND

fatrick Henry Airport is iccated 7 miles fram the NASA Langley facility
where runwey hydropianing research has been conducted €or 17 years. Through
asscciation with the verscnnel conducting test wcrk on runway grocving, nmem-
bers cf the Peninsula Airport Commission have been cornscious of the efficacy
of this technique. Therefore, a goal of eventually arp.ving some form of
grooving at the municipal airport has been The Cormission's policy for some
years.

With an 8,000 ft. instrument runway, most of which was built in the
early 1950's for DC-3 airline operation, it was inevitable that the impact
of three-engine jet planes on the 8-inch concrete would introduce a deteriora-
ting effect. Consequently, when a 12-inch concrete overlevy was designed for
construction in the spring of 1973 to beef up the distressed portion, &
grooved surface was a p ime consideration.

In the summer of 1972, the Virginie Highway Department completel a 20-
mile section of Inters-ate 6L between Bottoms Bridge and Diascund Creek using

a longitudinal wire-combed surface finish. The work was done by tie sume

contractors who later overlayed Patrick Henry Airport's runways This



highway (Interstate 64) is the major artery between Hampton, Newport

Kews, and Riclmond; and the general public has shown a considerable
interest in the grooving technique. Because it is grooved longitudi-
nally, some criticism has been unofficially expressed as to its

tendency to create directional instability, especially with motor-

cycleis. Mr. Fred Burroughs, Construction Engineer for the Virginia
Highwsy Department, believes the objections have no real significance.

In fact, the State of California made tests and were never able to identify
a real problem. Highway engineers place more emphasis on vehicle skid
resistance than the hydroplaning problem encountered by aircraft on run-
vay surfaces. The rumbling noise generated by automobile tires crossing
transverse grooving is thought to be offensive to vehicle occupants. A
grooved transve-gse finish has never been used in Virginia, although some
experimenting was attempted with a heavy burlap drag to obtain a very rough
textqre. This was prior to the decision to use the plastic grooving tech-
nique on Interstate 64. Longitudinal grooves are apparently the solution
to the dynamics of curve negotiation where the downhill effect is lowered
especially in superelevated curves. The rumble is also avoided.

To meet the provisions of design for grooving during the plastic stage
of concrete finishing, the contractor bought a $22,000 machine that had
been developed by the CMI Corporation. This machine combined two functions
and was used as the fourth unit in the paving train. Besides the precision
rake device that grooved the plastic floated surface, the machine also held

the nozzle used to spray a white curing compound over fresh concrete.



2uring the period when the airport engineer wus designing Patrick
Henry Airport's overlay, the paving contractor offered to rebuild the
grooving device, rotating the mechanism so that it operated transversely
across the surface. Since the wire combing technique meant only an
insignificant increese to the total cost over that for obtaining =
longitudinal burlap drag finish, and since the estimated costs for dia-
mond sewing the cure. concrete ran as high as $60,000, the specifications
were Wwritten arcund thic simple grooving technique.

Two recernt airport construction projects in the FAA Southern
Region used the same type wire combing technique that Th= Ccmmission's
contractor used on Patrick Henry Airport. Mr. Harry Johns, Paving Engineer,
FAA, Atlante, reports that an identical CMI machine textured the new
9,000 ft. Runway 9R/2TL that was completed and opened in February 1973 at
Atlanta's William B. Hartsfield International Airport. Over 500,000 yards
of pavement were grooved. Although parallel and crossoer taxiways were
not required to have the wire combed finish, the contractor elected to
perform the operation without additional cost in lieu of the alternstive

burlap drag finish.

A different end possibly more costly method was performed on the 75-
ft. wide keel section of Savannah Airport's 7,00C ft. overlisy. This was

completed and opened on October 1, 1973. Specifications called for a broom



finish and the contractor performed the work by hand, grooving it with a

b 1/h ft. wire comb. After a float finish was completed, the surface was
raked from both sides of each strip by use of a long-handle toocl. Although
considered to be equivalent to a machine Job, the grooves are naturally nct
as uniform ac the precision application of the CMI equipment.

The concrete overlay work including drainage, lighting, etc., performed
on Patrick Henry Airport was a 50 percent Federal Aid ProJect that was con-
tracted at a total cost of $2,039,078, of which $1,586,:)7 was the concrete
portion. The PC concrete varied in depth from 12" in the center to 8" at
the outer edges of the 150 ft. runway width. It was placed directly over
the existing concrete pavement for a total length of 6,100 ft. on the 8,000
ft. Runway 6/24 and on Runway 2/20 for a length of 1,000 ft. through the
intersection of the two runways. Also, a 1,140 ft. portion of the 75 ft.
taxiwvay A was included. Since all of the concrete surfaces were vire combed,

the total amounted toc 373,166 yds.

PLASTIC GROOVING (WIRE COMB) SURFACE FINISH SPECIFICATIONS
The wire-comb surface finish used at Patrick Henry Airport on the 12-inch
concrete overlay was in accordance with the following specification added to

reference 1.

"P-501-3.11 (g)(L4) Runway Surface Finish: After surface
irregulari*ies have been removed, the concrete shall be given
a uniformly roughened surface finish by use of a wire comb or
other apprived texturing device which produces a texture
similar to that produced by & wire comb. The texturing opera~
tion shall be executed s0 that the transverse corrugations will
be uniform in appearance. Successive passes of the comb or
other approved device shall be overlapped the minimum necessary
to obtain & continuously textured surface. The surface texture
produced shall have the characteristics of a texture produced
using a wire comb as described hereinafter. Texturing shall be
completed while the concrete is in such condition that it will
not be torn or unduly roughened, and before it has attained its



iritial set. The texturing device shall be cleaned or replaced
ag often as necessary to obtain the required surface texture.
Upon completion of texturing, the pavement surface shall be
uniform in appearance and free from surplus water, rough or
porous spots, irregulerities, depressions, and other objection-
able features. Small or irregular areas, or areas not suitable
for machine texturing vhen adjacent surrounding concrete is
ready for texturing, shell be textured with a hand operated
device producing a textured surface equivalent to that required
for machine combing.

The wire comb shall not be less than 10 feet in length with a
single line of wires exposed to a length of 4 inches. The wire
shall be blue tempered and polished spring steel, with nominal
dimensions of 0.028 inches in thickness and approximately .08
inches in width. The wires shall be speced at 1/2 inch centers
and securely mounted in a rigid head with the width of each wire
parallel to the longitudinal centerline of the head. The wire
comb shall be mechanically operated with the length of the comb
parallel to the pavement centerline and capable of traversing
the full width of pavement in a single pass at a uniform speed
and at a uniform depth. Final approval of the wire comb will
be based on satisfactory performance during actual construction.
Texturing equipment, other than a wire comb, may be approved
provided it produces e texture equivalent to that produced by

a wire comb and upon satisfactory performance during actual con-
struction.”

PLASTIC GROOVING (WIRE COMB) EQUIPMENT
The final process in constructing the concrete overlay by the slip-

form paving technique at Patrick Henry Airport required the use of the
compactor/leveler and translating straight edge equipment shown in figure
1. These devices prepared the concrete surface (in plastic state) to grade
line for the final wire comd surface finish performed by the equipment
shown in figure 2{a). The wire comb was 10 ft. long with spring steel
fingers 0.04-inch wide and spaced on 1/2-inch centers. When dragged across
the concrete surface, the wire comb cut grooves in the fresh concrete that
approximate a 1/2 x 1/16-1/8 x 1/8-inch groove pattern as shown in figure

2(b) and figure 3. No technique has yet deen devised to determine the exact



moment to start the wire comb finish treatment to produce a uniform texture
on the concrete surface. As a result, the contractor foremau uses his best
Judgment as to the state of plasticity of the concrete to determine when
this finish treatment should start. The variability inherent in such puman
Judgment decisions explains the difference in texture shown for the wire

combing examples given in figure 3.
1970 RASA TRACTION AND DRAINAGE STUDY ON PATRICK HENRY ATRPORT RUNWAY 6/24

During 1970, the NASA DBV performed traction tests on the longitudinal
burlap drag concrete finish surface of Runway 6/24 during natural rain
conditions. The sections of runway studied have since been covered over by
the 12-inch concrete overlay (August 1973). In these tests, a portable rain
gage was installed et the side of the runway test areas to record rainfail
intensity, and a NASA water depth gage was used to record the water depths
present on the runway in the DBV wheel tracks (approximately :0 ft. from
runvay centerline). The results of this study are shown in figure L and
indicate that appreciable water depth can biild up on the runway surfaces
at precipitation rates greater than 0.1 in/hour when surface winds are present.
The data shown in figure 4 also indicate that DBV stopping distances (from
60 mph brake application speed) and wet/dry stopping distance ratio (SDR)
also increase with increasing water depth and rainfall intensity on the run-
way surface.

The increase in runway slipperiness with increasing water depth on the
runvay as reflected by the increase in DBV S.} values is attributed tc the

lo8ss in vehicle tire/pavement braking friction at high speeds due to tire



dynamic hydroplaning effects. Table I shows that water depths on the run-
vay greater than 0.05-0.10 inch can cause aircraft tires at time of touch
down during high speed landings to develop dynamic hydroplaning with large
losses in cornering and braking friction following.
SEPTEMBER 1973 NASA TRACTION AND DRAINAGE STUDY ON
PATRICK HENRY ATRPORT RUNWAY 6/2k

The study consisted of making comparative NASA Grease (surface texture)
tests, NASA DBV (traction) tests, and NASA dye (water drainage) tests on
both the old longitudinal burlap drag finish concrete portion of Runway 6/24

and the nev plastic grooved (wire combed) concrete overlay portion of Runway

6/2h.

/

NASA Grease Test.- A measurement of the surface texture depth was made for

the two concrete surface finish treatments by means of the NASA grease test
which entailed spreading a known volume of grease between parallel tape
spaced a known distance apart on the runway surface. The length of the
surfac= between the tapes requ‘red for the grease to fill all the asperities,
multiplied by the distance between the tapes gives the grease area on the
runway. This area divided into the known volume of greese yields the average
texture depth of the pavewment surface. The results of these measurements

are shown in Table 1T and figures 3 and 5. The data indicate that the
average texture depth of the grooved pavement from the wire combing treatment
wvas 2 1/2-3 1/2 times greater than tha* obtained from the conventional

longitudinal burlap drag finishing treutment.



Runvay Wetting.- A large 3000 gallon water tanker equipped with spray dar
furnished by the paving contractor was used to wet a test strip approximstely
10 ft. wide and 800 ft. long on each of the three runway test areas evaluated.
Two successive passes with the water truck were made before each DBV test to
insure adequate wetting of the test surface. It is felt that this wetting
procedure simulated the wetness found on runways immediately after the stop-
ping of a moderate/light natural rainfall.

NASA Dye (water drainage) Test.- After the second water truck pass on each

test surface, scdium fluorescein dye to improve water drainage flow visuali-
zation was injected into the water-covered test section on the side nearest

the runway centerline (top of runway crown). In each case, the cross slope

1 ft.
(100 ft. X

knot wind was blowing straight down the runway (wind from 60°). As shown

of the runway was 1 percent At the time of the tests, a 10

in figure €, this wind prevented water drainage down the cross slope of the
runvay having the “.ongitudinal burlap drag surface finish. Instcaud, the
drainage flow path was inclined at a direction nearly parallel with the run-
way centerline (figure 6(a}). The water drainage was slow and water depths
ranging from 0.02-0.04 inch remained in the wetted tesc section throughout
the DBV test period. On the other hand, the NASA dye test indicated water
drainage fram the plastic grooved (wire-combed) surface of the rumway to be
much faster than found for the conventional longitudinal burlap drag surface
and directed nearly parallel to the transverse runway grooves (nearly
straight down the runway cross slope (see figure 6(b)). This rapid water

drainage down the pavement grooves resulted in the grooved wetted test
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section having no measurable water depths (only damp surface) at time of
DBV test.

These results suggest that on the conventional concrete surface treat-
ment (longitudinal burlap drag) the draining water is forced to flow on
top of the pavement surface where it is exposed to the force of the sur-
face wind. On the other hand, water drainage in the plastic grooved
surface is below the top of the surface texture (in the groove channels)
and is thus shielded from the force of the surface winds.

It is expected “rom these drainage tre. is that the rainfall intensity
required to flood the new grooved (wire-combed) surface of Runway 6/24
will be much higher than that shown for the old longitudinal burlap drag
surface of Runway 6/24 in figure 4. As a result, the possibility of air-
craft hydroplaning on the new surface treatment during most rainstorms is
also greatly reduced.

NASA DBV Tests.- As soon as the water truck made the final wetting pass

and cleared the test zone on the runway, the NASA diagonally-braked vehicl=
was accelerated to a speed slightly above or near 60 mph. Just before
entering the test zone, the transmission was placed in neutral gear. The
DBV then coasted into the wetted test zone whereupon the driver sharply
applied brakes, locking the diagonal pair of wheels equipped with smooth
tread ASTM test tires. At approximately 50 1b/inch pressure in the wheel
brakes, circuits to the digital speed meter and the digital stopping dis-
tance counter were erergized. These circults recorded on & meter the DBV

speed at the time of brake application and started measuring the stopping



distence from the brake application point. The speed at brake application
and the stopping distance from this speed were visually real from these
instruments by the driver/observer when the DBV came to a complete stop

in the test section. Other instruments on board the DBV measured the
angular velocity of each DBV main wheel, the angular velocity of the
trailing test (fifth) wheel, and the longitudinal acceleration of the DBV.
These parameters were recorded on a direct writing recorder equipped with
an accurate timer in the DBV so that a permanent record and time history
of the variaticn of these parameters during a test run could be obtaiied.
A more detailed description of the DBV test technique is given in references
2 and 3. It should be noted that several tests weré also made by the DBV
on the Runway €/24 test surfaces immediately following & natursl rain.

The DBV wet stopping distances and DBV wet/dry stopping distance ratio
(SDR) obtained from these tests as well as from the artificial wetting
tests £.e shown in Table 1I.

DBV SDR Analysis.- At the present time n¢ federal standards for acceptable

or unacceptable levels of runway slipperiness exist for civil airports in
this country. However, the present Federal Aviation Regulations (FAR) for
aircraft landing certification (FAR-25.125) and aircraft landing operation
(FAR-125.195) may be used to obtain a reference wet runway slipperiness
level. This refererce wet runway slipperiness level turns out to be the
equivalent of sn aircraft wet/dry stopping distance ratio (SDR) = 1.92.

In cother words, the present FAR make allowaace for wet runweys to be only

approximately twice as slippery as dry runways.
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The NASA-developed DBV SDR method for estimating the slipperiness of
airport runways is extremely simple in concept and essily obtainable from
DBV wet and dry stupping distance measurements. <Correlation tests per-
formed with several Jet transport type airc.aft indicate that the DBV SDR
reasonably predicts the aircraft SDR up to DBV SDR va. es of approximately
2.0 for many wet runway surfaces (see Tables III and IV). The NASA
method is based on a DBV brake application speed of 60 mph. Usually, the
DBV will not be at exactly 60 niph when brekes are applied, and the test
stopping distance is corrected to the 60 mph base by means of the equation
3600

S. =

B SB fraw) (equation 1)

2
VB {test)

where S - DBV stopping distance (V, = 60 mph), ft

B B

SB(raw) - DBV ctopping distance at V_ ;, ., .
B( U )y A\'.

VB(test) DBV test brake application speed, mph

This DBV SDR ie obtained from the equation

S
SDR = _B (vet) {equation )
5B (ary)

vaiere Sp (wet) - DBV wet pavement stopping distance corsected

to 60 mph base {equation L), ft.

- DBV dry pavement gtopping distancez correctec

S
B (ary) to 60 mph base (eguation 1), ft.



13

Using this procedure, the raw DBV stopping distance data acquired at
Patrick Henry Airport were corrected to the 60 mph base and converted to
DBV SDR. The values obtained are presented in Table II. It can be seen
from the table that the plastic grooved surface treatment is considerably
less slippery under the natural rain and artificial wetting con®“tions
investigated than the conventional longitudinal burlap drag surface finish
on Runway 6/2L. Comparison of the DBV SDR data in Table II with the air-
craft and DBV SDR data in Tables IIT end IV indicate that the plastic
grooves {wire comb) surface treatment used at Patrick Henry Airport is less
slippery than other conventional concrete runway surface {inishes and com—
pares favorably with grooved pavement surfaces using!the diamond saw cutting
technique.

Pavement Skid Resistance.- Research performed at NASA and elsewhere corzur

in that pavement wet skid resistance is highly dependent upon the macrotexture
and microtexture of a pav ment surface. Tire/ground friction losses that
occur on wet pavements result from the development of viscous and dynamic
water pressures under the rolling or sliding tire footprint as vehicle or
aircraft speeds increase. Only very thin unbroken water films need to be
present on a smooth pavement surface for viscous hydroplaring to occur at
the higher spe=ds. A good sharp pavement surface microtexture (like gritty
sand paper) can puncture and displace the thin water film trapped in the
tire footprint and thus prevent or greatly alleviate the buildup of viscous
water pressurcs with speed that create this type of friction loss. Standing
water on the pavement must be present for dynamic water pressures to be
developed under the tire footprint. This type water pressure develops with

the square of the vehicle speed and creates the well known phenomenon called
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tire dynamic hydroplaning unless alleviated by the pavement macrotexture.

A good pavement macrotexture has hills and valleys produced by the protrud-
ing aggregate exposed in the pavement surface over which the tire drapes
during the rolling or sliding process. Drainage channels are thus formed
ir the valleys of the pavement macrotexture which allows bulk water trapped
in the tire footprint to escape and thus alleviate the development of
dynessic water pressures with increasing vehicle speed and reduce this type
of friction loss.

Skid Resistance of Runway 6/2k Surface Treatment.- The skid resistarnce of

Runvay 6/24 surface treatments was obtained from the DBV test records by
use of the following procedure. Figure 7 shows the DBV velocity-time pro-
files obtained on Runway 6/2i for the different test conditions from the
DBV test (fifth) wheel instrumentation. The slopes of the velocity-time
curves in figure 7 are the decelerations experienced by the DBV during
braking stops. The ASTM smooth tire braking friction ccefficient may be

obtained from these slope measurements with the aid of the equation

usl(:l"l =2 —(Edi% vehicle - (%{-) tare Xj’ (equatiox: 3)
where (g—:) vehicle DBV brahing deceleration, g
(%% tare DBV unbraked deceleration, g
X incremental DBV deceleration due to

longitudinal runway gradient, g
(+) uphill, (-) downhill

Moxid locred-wheel braking friction coefficient
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Typical results from this prucedure are shown in figure 8. The data
in figure 8 indicate that the skid resistance of the longitudinal burlap
drag surface treatment is reduced when coated with rubber deposits over
cleen surface values under wet conditions. This result is attributed to
the rubber deposits filling the texture of the surface and reducing both
the pavement microtexture and macrotexture. The NASA grease test data in
Table II also shows this trend. The curves of this figure also show that
the high-speed skid resistance of the plastic grooved (wire-combed) sur-
face treatment is considerably higher than the conventional surface treat-
ment values under wet conditions. This result indicates that the better
drainage characteristics of the grooved surface (higher macrotexture) has
reduced the water depth present on the surface in wet conditions and thus
reduced the hydroplaning potential. Figure 9 shows that the plastic groov-
ing treatment ranks favorably in this regard with the recognized effective
diamond saw grooving and friction course (porous) asphalt surface treatments.

CONCLUDING REMARKS

The low cost plastic grooving (wire comb) surface treatment fcr new
concrete runway construction used at Patrick Henry Airport has been des-
cribed. The initial traction and drainage evaluation performed by the
NASA Langley Research Center of this surface treatment shows it to be &
considerable improvement over a conventional longitudiral burlap drag con-
crete surface treatment when tested under runway wetness conditions that
simulate moderate to light natural rainfalls. The plastic grooved (wire-
combed) surface treatment compared favorably in drsinage and skid resis-

tance with pavement grooving from the diamond saw technique and to the
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friction course (porous) asphalt surface trestment for this wetness
condition.

It should be cautioned that the initial evaluation was performed on
the nev concrete overlay before the runway was opened to aircraft opera~
tion. Thus, factors which may affect .he economics and safety of both
airport and aircraft operations on runways using this surface treatment
have not yet been evaluated. These factors include such items as runway
maintenance and durability, snow and ice removel and traction, tire wear
and rubber deposits, and rainfall rates required to flood the pavement

surface.
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