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Bald tires have lower skid resistance compared
to tires with full tread depth. As could be
expected tires with very low tread depths are
reported to be more frequently involved in wet
weather accidents. An overview of the legal
requirements for the minimum value of the
tread depth in several countries is given for
car as well as truck and bus tires.

The influence of tread depth is not linear and
depends strongly on vehicle speed and road surface
characteristics. Measurements carried out in the
U.K., Germany and the Netherlands are described
and the different measuring methods are discussed.
The measurements for car tires deal with the peak
value of the braking force, the locked wheel value,
as well as the side force coefficient.

The influence of tread depth of truck and bus
tires has been investigated in the U.K. and the
Netherlands as far as the braking force coeffi-~
cients are concerned.

Especially in the lower tread depth range, the
influence of tread depth on skid resistance is very
important, for both car and truck tires. The
results lead to the conclusion that a legislative
minimum permissible tread depth can contribute to
less skidding accidents. Although the level of this
minimum value is theoretically somewhat arbitrary,
practical considerations suggest that a minimum
tread depth of 1,6 mm (2/32 inch) seems to be a
sound limit.

Skid Resistance Coefficients

It is a well-known fact that the wet skid
resistance of smooth tires is poor compared with
tires with full tread depth (e.g. 1,2). The
decrease in skid resistance however is not
linearly dependant on the tread depth. Several
investigations into the variation of wet skid
resistance with tread depth have been carried out
and will be discussed in this paper.

Wet skid resistance can be characterized by
three coefficients, two braking force coefficients
M xm and [Lxb and a side force coefficient Hy.
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The braking force coefficient and the side
force coefficient are defined respectively as the
instantaneous values of braking force and the side
force, divided by the vertical load operating at
that instant.

The three coefficients are:

Y8 = (Fx/Fz)max, the maximum value of the

* braking force coefficient
before locking.

9 b= (Fx/Fz) , the average braking force
x coefficient when the wheel
is locked.
I = (Fy/Fz) , the average side force

coefficient at a slip angle
exceeding, say, 8 deg.

Under different circumstances each of these
coefficients is of overriding importance. A high
value for [L¥m means that the brakes can be applied
with force without the wheels locking. This situ-
ation is frequently encountered in nose-to-tail
driving when it is often necessary to brake hard
without there being any question of an emergency.

A high |L xm value is also of importance in connec-
tion with anti-locking devices. If, on the other
hand, an emergency arises, the driver will usually
brake as hard as he can, causing the wheels to lock
and thereby endanger the stability of the vehicle.
In this situation a high |l xb value is required so
as to achieve a short braking distance. On wet road
surfaces JLxb is always considerably lower than
[Lxm. A high Hy value is desirable when a driver
wishes or needs to change direction and furthermore
to promote stability during braking before the
wheel locks.

Legislation

In many countries a minimum permissible tread depth
has been fixed by law (table 1.)



Table 1. Legislative minimum tread dept in
different countries.

car tires truck and bus tires

Austria 6 2
Belgium
Denmark
Finland
France
Germany
Ireland
Italy 1
Japan 1.6 1.6
Netherlands visible tread no visible
pattern carcass
Norway 1 1
Portugal 1
Spain 1
Sweden 1
Switzerland 1
1
1
1

i.
1 |
12 =
I »
| 1
i |
1 I
1

United Kindom
USA
USSR

a. This minimum tread depth must be present
throughout 3/4 of the width of the tread.

The European Tire and Rim Technical Organiza-
tion (ETRTO) has recommended that the minimum
tread depth of 1 mm should cover at least 3/4 of
the width of the tread. The Economic Commission
for Europe (ECE) of the United Nations recommends
a minimum tread depth of | mm throughout the full
width of the tread. In some countries however
there is a tendency to require a higher value of
the minimum tread depth.

The arguments put forward are generally more
subjective rather than objective ones. A good case
for a minimum permissible tread depth should be
based upon an accident analysis in this respect.
Unfortunately little reliable data are available
on the question of involvement of tires with
different tread depths at the sites of wet skid
accidents.

Accident involvement of low tread depth tires

In Texas wet weather accidents were analyzed
and the most important contributing factors
determined (3). With respect to tire tread depth
it was found that accident vehicles generally had
less tread depth compared to the average vehicle
in the study area. Rear wheels had generally
remarkably lower tread depth compared to front
wheels, 407 of the rear wheels had a tread depth
less than 3,2 mm compared to about 257 of the
front wheels.

Table 2. Percentages of inspected vehicles with
low tread depths.

wheel position

accident vehicle sample vehicle

LF RF LR RR LF RF LR RR

tread depth 11 11 24 24 9 9 20 18
less than 1.6 mm

tread depth
less than 3.2 mm 29 27 42 42 24 24 38 37
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From table 2 it is clear that the percentage of low
tread depth tires involved in wet weather accidents
is significantly higher than the presence of these
tread depths at random inspections. It seems that
low tread depth is an important factor contributing
to wet weather accidents.

A report of the Highway Safety Foundation in
Ohio brings out the involvement of low tread depth
tires in car accidents even more strongly (4). A
statistical survey was carried out whereby relative
accident involvement (R.I.) was determined. This
was defined as follows:

R.I. = the percentage of tires with a particular
tread depth of cars involved in accidents,
divided by

the percentage of tires of this tread depth

found during random inspection of vehicles.
It was established that on wet road surfaces tires
with tread depths of less than 0.8 mm (1/32 inch)
were involved in accidents to a far greater extent
than tires with greater tread depths (Fig. 1).

Figure 1. Relative accident involvement as a
function of tire tread depth.
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Also on dry surfaces the relative involvement 'in
accidents of tires increase with decreasing tread
depth, even though both the braking force coeffi-
cient and the side force coefficient usually in-
crease under these circumstances. This implies
that factors other than tread depth alone may also
play a role in accidents. The sharply rising
relative accident involvement on wet roads of
tires with lower tread depths is explained by the
much reduced braking force coefficients under
these circumstances.
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In this report an attempt has been made to calcu-
late a cost-benefit factor in order to determine a
critical value for the minimum tread depth. The
method adopted is, however, very debatable. A
distinction between trucks and busses and passenger
cars was not made in the accident analyses before
mentioned. The Ohio report deals only with car
accidents.

Influence of tread depth of car tires on wet skid
resistance

Only a few papers deal with the influence of
tread depth on wet skid resistance. Some investi-
gators have reported measurements of one tire on
one specific road surface as a part of a general
investigation of wet skid resistance (2,5). From
these measurements no general conclusions could be
drawn.

After 1970 more specific investigations into
the influence of tread depth have been published;
these were carried out in the United Kingdom,
Germany and the Netherlands.

United Kingdom

In the United Kingdom the Road Research
Laboratory has measured a particular type of cross—
ply tire on six different road surfaces (6). The
different tread depths were obtained by wearing
the treads under normal traffic conditions. The
drawback of this procedure is that the entire
measurement was spread over an extended period of
time, as a result of which measuring was done under
widely varying weather conditions. It 1s true that
adjustments were made so as to allow for variations
in ambient temperature, by comparing the results
with a reference bald tire, but it is our experi-
ence that measurements performed under widely
differing weather conditions are difficult to
interpret., Further limitations were that only one
type of tire, a cross~ply tire, was tested, which
is less interesting than a radial-ply tire, and
that only braking force coefficients were measured.

The measurements were carried out by mounting
the test tires on the front wheels of a high speed
vehicle. The braking system had been modified such
that the front brakes could be applied alone at a
controlled rate until these wheels locked. The
vehicle was allowed to coast immediately prior to
the brake application so that the deceleration
during coasting could be established. The addition-
al deceleration during braking is a measure of the
braking force. In the evaluation of the results the
weight transfer to the front axle was taken into
account.

A disadvantage of this method as far as the
peak coefficient is concerned is that the deceler-
ation of the vehicle is measured and the brake
forces are averaged over the two tires. For the
locked wheel values this would be true but as the
peak braking force only appears for 1/10 of a
second or less it is highly unlikely that this
would occur exactly at the same time for both tires,
on account of the dynamic wheel load variations.
Therefore it may be expected that the [Lxm values
measured in this way are lower than the true values
for the individual tires. The measurements were
carried out on 6 road surfaces ranging from smooth
mastic asphalt to a rough and sharp aggregate, with
a 5.60 —_13 tire, load 3500 N, inflation pressure
180 kN/m”“. The water depth on all surfaces was about
about 0.5 mm except on the mastic asphalt where a
water layer with a depth of 1.1 mm was found.

This was due to the road surface texture and
drainage. The water depth was defined as the aver-
age depth of water standing above the aggregate of
each of the test surfaces. The surfaces were main-—
tained in a wetted condition using a spray bar
facility. All the surfaces were part of a special
test track.

In figure 2 some of the results are presented.
Under certain conditions there appeared to be a
very sharp drop in skid resistance when the tire
wears to a tread depth below 1 or 2 mm. This effect
is very pronounced in the peak values |Lxm.

Figure 2. Skid resistance as a function of tire
tread depth. (Measurements in the U.K.)
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Germany

In Germany the influence of tire tread depth on the
side force coefficient Hy has been investigated
(7). Two types of tires, a cross—ply and a radial
ply tire have been tested.



The different tread depths were achieved by grinding
down to the desired depth and subsequently running
in the tires on public roads.

A normal car chassis was changed in such a way
that during driving the front wheels could be set
to slip angles in opposite directions in the range
from ~18 to +18 degrees. The side force was measured
with the aid of a dynamometer mounted on the wheel.
On a test track 3 surfaces were chosen from smooth
concrete to a rather rough surface. On a racing
track a very rough surface was available for the
measurements. A water spray installation took care
to maintain the calculated water depth of 1.5 mm,
which may be considered as an extremely thick water
layer. The tire sizes were 5.60-15 and 155SRI5 with
a vertical load of 2350 N and an inflation pressure
of 150 kN/m2.

Fig. 3 shows a typical set of test results.

It can be seen that with decreasing tread depth the
side force coefficient gradually decreases. There
appears to be no particular point beyond which the
My value drops progressively. The radial-ply tire
shows a remarkably higher |[Ly value as compared to
the cross-ply one.

The Netherlands

Measurements of braking force coefficients as
well as cornering force coefficients have been
carried out by the Vehicle Research Laboratory of
the Delft University (VRL). The VRL has a test
trailer specially built for measuring tire traction
characteristics (figure 4).

Figure 4. The VRL measuring trailer.
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Figure 3. Side force coefficients as a function of
tire tread depth. (Measurements in W-Germany)
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This trailer can steer, camber and brake the test
tire. The tire to be measured 1s mounted on a five
component measuring hub, placed in a frame (figure5)

Figure 5. Suspension of the measuring wheel.

air tank

I | retraction

air_sprin | cylinder

A similar frame is equipped with a dummy tire. Both Figure 6. Car tire tread patterns used for the

frames can turn in opposite directions to provide measurements in the Netherlands.
slip angles to both tires. Resulting side forces on
the trailer are in this way restricted to very low
levels. The towing truck has a water tank and by
means of air pressure water can be sprayed in front
of the test tire. A special nozzle will give a thin
flat water layer on the road. A disadvantage of
this self supporting watering system is that the
water is not at rest with respect to the road sur-
face. But for measurements on public roads it is
very difficult to install a water spray instal-
lation along the road sections to be measured.

The longitudinal force Fy and the side force F,
are continuously divided by the prevailing value
of the vertical load F,. An electronic device
accomplishes this computation and the peak value of
the braking force coefficient as well as the
average value over the time span that the wheel is
locked, are printed out. Also the side force

coefficient is averaged over the time that the slip FRRIAL gy imes cross ply
angle exceeds for instance 8 degrees.

Four types of car tires were examined: two
textile radial tires and one steel cord radial, all
of size 165 SR 13, and one cross-ply tire, size After grinding, the tires were run in for at least
5.90-13. Figure 6 shows the tread patterns of these 500 kms. The tires were tested on two types of
tires. Five tires of each type were ground down to public road surfaces, A and B (figure 7), at a
the desired tread depth. vertical ,load of 3300 N and inflation pressure of

180 kN/mz.



friction device that does not measure a friction
boundary condition - that is, the skiddometer mea-
sures peak braking (constant 0.13 braking slip);

the General Motors (GM) trailer, either .y

or MHgkig from a pulse braking technique; the Miles
trailer, lgiq from a pulse braking technigue; and
the DBV, Ugkjq from a continuous locked-wheel
braking technique. The Mu-Meter, on the other hand,
measures cornering force developed on a tire at T7.5°
yaw angle. At high pavement friction values, it
cannot measure the peak friction boundary condition,
whereas for low friction conditions, it may measure
cornering force after the peak cornering-force value
has been obtained, as shown in figure 26. The data
in figure 26 were obtained from reference 31

(p. 654). These data suggest that if the yaw angle
for maximum cornering force (limiting coefficient of
friction) is exceeded, the cornering force (and cor-
nering friction coefficient) is reduced as yaw
angle is further increased. For the case of the Mu-
Meter which measures cornering force at 7.5° yaw
angle, this type of tire behavior may result in an
overestimation of the slipperiness of the wet pave-
ment defined by peak boundary friction conditions.

Aircraft/Ground-Vehicle Correlation

As with ground-vehicle/ground-vehicle correla-
tion attempts, most aireraft/ground-vehicle
correlation attempts try to relate the measured out-
put of a friction device with some measured output
of the aircraft from data obtained during joint test-
ing of the device and aircraft on artificially wet
runway surfaces. Typical aircraft/ground-vehicle
relationships obtained from such test programs are
shown in figures 27 (Mu-Meter, ref. 24) and 28
(DBV, refs. 11 and 25). BEach friction device advo-
cate claims good correlation between the device and
the aircraft. For example, reference 26 states
that the Mu-Meter may predict aircraft stopping
performance within 10 to 15 percent if a correla-
tion ranking system classifying runways surfaces
into different texture groups is used. On the
other hand, reference 11 states that the DBV can
predict aireraft stopping performance within *15 per-
cent by using its prediction method. The tire fric-
tion prediction method (described earlier in the
paper) offers another approach to show correlation
between ground-vehicle and aircraft measurements of
runway slipperiness.

Equation 5 may be modified to the form

Merr = N T Hary (8)
where

Hefr effective braking friction coefficient
realized by the aircraft through its
antiskid braking system

Y runway tire-pavement drainage characteristic
(hydroplaning parameter) determined by
-ground-vehicle friction test over ground

. — speed range

udry characteristic maximum aircraft tire fric-
tion coefficient on dry pavement

n antiskid braking system efficiency,
ueff/umax

This method, using the DBV friction measuring device,
is illustrated in figures 29 to 31. The correlation
shown in the figures resulted from use of the
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arbitrarily selected antiskid braking system effi-
ciency model depicted in figure 29 which is pat-
terned after the one described in reference 32.

The data trends shown in figures 29 to 31 sug-
gest that a ground-vehicle friction measuring
device can be used to predict the effective friction
coefficient an aircraft will develop on a wet run-
way providing the antiskid braking system efficiency
of the aircraft is known. The data trends also sug-
gest that each aircraft type has its own charac-
teristic antiskid braking system efficiency which is
dependent upon the landing gear, braking, and anti-
skid system design.

Summary of Correlation Results

The runway slipperiness research conducted since
1968 in the area of ground-vehicle/ground-vehicle
and aircraft/ground-vehicle correlations has been
reviewed and yields the following observations:

Ground-vehicle devices that test at constant
speed do not correlate well with those devices that
test over a speed range.

Ground-vehicle devices that test at constant
speed can be correlated together as well as those
that test over a speed range regardless of the tire
operating mode during testing.

The DBV can be used to predict aircraft tire
braking and cornering characteristics on wet run-
ways. Other ground-vehicle devices have the
potential to predict these tire characteristics as
well if their test procedure is changed from a con-
stant speed test to a speed range test similar to
the DBV. Ground-vehicle devices that test at con-~
stant speed cannot predict aircraft tire braking and
cornering friction coefficient on wet runways over
the full take-off and landing speed range of
aircraft.

Ground-vehicle and aircraft slipperiness measure-
ments can be correlated. However, the precision of
correlation is obtained from artificially wet runway
test programs. The accuracy of prediction from the
correlation may be degraded when runways are wet
from natural rain (different water depths). Fur-
ther, some of the older aircraft braking systems can
allow locked-wheel operation during maximum braking
operation on wet runways. The locked-wheel condi~
tion can result in reverted rubber hydroplaning
which destroys the aircraft/ground-vehicle correla-
tion. For these reasons, predictions of aircraft
braking performance on wet runways from ground-
vehicle devices should be employed only to provide
guidance information to pilots.

Status of Runway Slipperiness Measurements

Standard USAF runway skid resistant tests.- Since
November 1973, the Air Force Civil Engineering
Center (AFCEC) has been measuring the skid resistance
properties of airfields. Procedures for conducting
the standard skid resistance tests are given in
reference 33. This test requires that friction mea-
surements be obtained by both the DBV and Mu-Meter
when testing an airfield pavement. AFCEC feels that
the friction data obtained from these friction
measuring devices are complementary, and together
they provide an adequate data base to evaluate the
skid resistance of an airfield pavement. AFCEC
intends to survey the skid resistance of all USAF
runways in the United States and overseas on a
periodic basis. AFCEC feels strongly that the con-
cept of using an experienced, well-trained crew and
standardized testing procedures for pavement skid
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resistance evaluations offers many advantages. This
concept requires the Air Force to purchase and main-
tain a minimum quantity of equipment and ensures
that the testing is properly accomplished and docu-
mented. Results from this Air Force program are
reported in references 28 and 3.

FAA Advisory Circular No. 150/5320-12.- FAA Air-
ports Service issued FAA Advisory Circular
No. 150/5320-12 on June 30, 1975 (ref. 35). This
advisory circular provides guidance on methods that
can be used to provide and maintain airport pavement
surface friction characteristics. This guidance is
intended for use by airport operators, engineering
consultants, and maintenance personnel. This
advisory circular does not purport to provide a
means to predict aircraft stopping distance. For
the requirements specified in this circular, FAA
Airports Service requires a friction measuring
device which

1. Can provide fast, accurate, and reliable
friction values of airport pavement surfaces under
varying climatic conditions

2. Can provide a continuous graph record of the
pavement surface characteristics

3. Has minimal maintenance and recurring costs

4, Has a simple calibration technique

5. Indicates potential for hydroplaning
conditions

This circular is worded carefully such that cur-
rent friction measuring devices, the DBV for example,
are not excluded from use in implementing the cir-
cular, although it is clear that the British Mu-Meter
is the device favored by FAA Airports Service since
it is the only device described in the circular. The
advisory circular clearly indicates that its needs
are met by a device which measures the relative
friction of pavement surfaces and that this measure-
ment of friction does not provide a means to predict
aircraft stopping distance (determine how slippery
the runway surfaces are for aircraft operation).

It is felt that issuance of this advisory cir-
cular by the FAA is a noteworthy step forward in pro-
viding guidance to install antihydroplaning runway
surfaces at airports. However, the providing of
relative friction measurements for engineering and
maintenance purposes is secondary to the main
objective of a friction evaluation which is to
determine how slippery the runway surface is for
aircraft operation.

Progress and Problems of Antihydroplaning Runway
Surface Treatments

Both runway grooving and porous friction course
(PFC) antihydroplaning runway surfaces were orig-
inated in England, as described in reference 36.
Research on runway grooving in the United States
started with NASA experiments in 1962 (reported in
ref. 2). PFC pavement research in the United States
was initiated by USAF (1972) and is reported in
references 37 and 38.

Runway Grooving

Since 1956, approximately 160 runways have been
grooved world-wide as indicated in tables 2 to 12.
Figure 32 shows the development of grooved runways
at U.S. civil airports since the first air carrier
airport was grooved in 1967. For the past 3 years
an average of 2l air carrier airport runways have
been grooved each year. At this present rate, the

224 ILS runways 1524 m (5000 ft) or longer in length
at U.S. air carrier airports will all be grooved by
1986. At the present time, six different methods
are available for grooving runways, namely, diamond
saws, abrasive (carborundum) saws, flails, plastic
grooving with segmented drum, plastic grooving with
wire comb, and plastic grooving with wire broom.
The latter three methods can only be used for groov-
ing portland cement concrete when it has been
freshly laid and has not hardened or set up. The
most popular grooving method is the diamond saw.
Approximately 80 percent of the air carrier airport
runways that have been grooved since 1967 have used
this grooving method. The effectiveness of runway
grooving as an antihydroplaning surface treatment is
revealed by reviewing the DBV SDR data shown in
tables 13 to 17. Tables 13 to 16 were obtained from
reference 39. Table 17 shows data obtained from a
recently completed FAA DBV trial application-runway
friction calibration and pilot information program
(ref. 40). Review of these data suggests that the
greatest fraction benefit is realized from closed-
spaced grooves that are cut 1/4 inch deep in the
pavement with diamond saws. 'lhis result follows the
trend reported in reference 27 where a 25 X 6 x 6 mm
(1 x 1/% x 1/4 in.) pattern was found to be superior
to all other patterns studied with regard to pre-
serving traction on wet or flooded runways. Plastic
grooving treatments are considered to be an improve-
ment over conventional ungrooved concrete surfaces
but are inferior to diamond sawed grooves in both
traction performance and water drainage (discussed
in section "Flooding on Grooved Runways"). The
uniformity of plastic grooving is poor compared with
diamond sawed grooves as shown by comparing figures 5
and 6 with figure 33. The data presented in fig-
ure 34 compare the traction performance of plastic
grooving using a wire comb technique (ref. 41) with
other antihydroplaning pavement surface treatments.
These data confirm the traction trends Just discussed.
The major problem encountered with grooved run-
ways is the chevron cutting of aircraft tires during
the touchdown phase of aircraft landings on grooved
runways. (See fig. 35.) This problem is discussed
in detail in reference 39 and has been studied in
reference 42. The civil airlines in the United
States at the present time do not consider chevron
cutting to be a serious operational problem to their
Jjet transport fleet. It should be noted that the
aircraft tire industry has been working in close
cooperation with aireraft operators on the chevron
cutting problem. During the past 5 years, the air-
craft tire industry has developed new tread rubber
compounds and tread designs that significantly reduce
the degree of chevron cutting on aircraft tires
experienced on grooved runways. In this regard,
American Airlines reports that over the past U years,
the number of landings per tire change on its Jet
transport fleet has increased by 50 percent. During
this time period, the number of grooved runways at
air carrier airports has increased from 37 to 10T7.
The slipperiness of grooved runways is increased
when heavy rubber deposits coat touchdown areas, but
this problem is easily corrected by rubber removal
treatments (discussed later). Some asphaltic con-
crete runways have suffered collapsed grooves in
trafficked areas. This type of problem is usually
created by grooving the asphaltic concrete shortly
after the runway has been paved and before the
asphaltic concrete has cured properly.

Porous Friction Course

The first PFC surface treatment in the United
States was at the Dallas Naval Air Station in 1971



as indicated in table 18. The growth of the PFC
surface treatment at U.S. civil airports (through
1975) is shown in figure 36. Over the past 3 years
(1973 to 1975), an average of seven air carrier air-
port runways per year have been given this antihydro-
planing pavement surface treatment. Figure 34 shows
that this surface is definitely superior in traction
qualities over conventional ungrooved concrete and
ranks with pavement grooving in this regard as
reported in reference 19. PFC has a high storage
volume to prevent runway flooding when rain first
commences but does not have the free flowing drain-
age features common to grooved runways. Consequently
(as discussed earlier in the paper), PFC surface
treatments are not believed to be as effective as
grooved pavements, especially those cut with diamond
saws, in preventing runway flooding during sus-
tained, high rainfall rate precipitation conditions.
A major problem that has been reported for PFC
pavements is the difficulty of removing rubber from
contaminated touchdown areas of the runway. AOCI
(Airport Operators Council International) reports
that the PFC surface at Johannesburg had to Dbe
replaced because rubber deposits could not be
removed from the surface. A similar problem has
been encountered at Denver Stapleton Airport where
the rubber deposits could be removed only through
the use of a flailing machine and high-pressure
water-blast equipment. It should be stressed that
the PFC surface treatments at U.S. airports have
not been installed long enough at the present time
to report realistically on the durability and main-
tainability of this type pavement surface.

Runwsy Rubber Deposits and Their Removal

NASA, USAF, and FAA studies (tables 13 to 17)
show that the most slippery runway segments are
usually those located in aircraft touchdown areas
which become covered with heavy rubber deposits.
The reduced macro/microtexture of the pavement sur-
face (fig. 37) resulting from rubber deposits makes
the runway much more susceptible to dynamic and
viscous hydroplaning during times of rain. The
dramatic runway traction loss suffered as a conse-
quence is illustrated by figure 38. Reference 11
points out that wheel spin-up at touchdown on the
Roswell smooth concrete runway (SDR = 2.17 to 2.75
for DBV, B~73T, and L-1011) required as much as
2 seconds. TFrom a comparison of figures 13 and 38,
the predicted aircraft tire friction coefficient
Hgkig &vailable to spin the tire up on the rubber
coated ungrooved runway at MIA runway 9R/2TL
(SDR = L4.62) is found to be much less than at
Roswell. Consequently, wheel spin-up times may
take from 6 to 8 seconds on this wet, contaminagted
surface. As a consequence, pilots may apply wheel
braking before the wheels are spun up with the
result that the antiskid braking system fails to
perform properly and poor braking, poor directional
control along with reverted rubber skidding may
occur for the aircraft. (See refs. 8 and 11.)
Obviously, runway rubber deposits pose a distinct
threat to the operational safety of aircraft during
landings and take-offs in adverse weather. This
paper has pointed out that ground vehicles which
test pavements utilizing a constant speed technique
cannot prediet the runway slipperiness resulting to
aireraft from this effect. Therefore, the DBV,
which has a demonstrated capability to perform this
measurement, should be the only device permitted to
assess this runway condition. Only when test pro-
cedures have been changed and the devices correlated
or calibrated satisfactorily with the DBV, should
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other devices be allowed to measure the effects of
rubber deposits on runway slipperiness for aircraft
operation.

Review of the data contained in tables 13 to 1T
and figures 37 and 38 indicates that grooved runways
are much less affected by rubber deposits than
ungrooved runways and may require less frequent
cleaning. Several methods for cleaning runways of
rubber deposits are available and discussed in
reference 40. One of the most effective means is by
high-pressure water blast as shown in figures 39
and L0.

Concluding Remarks

This paper has reviewed the runway slipperiness
research performed in the United States and abroad
over the time period 1968 to the present. This
review suggests that this research has been extremely
fruitful with the following tangible benefits
resulting to the aviation community:

1. A better understanding of the hydroplaning
phenomensa

2. A method for predicting aircraft tire per-
formance on wet runways from a ground-vehicle
braking test

3. The runway rubber deposit problem has been
defined as one of the most serious threats to air-
craft operational safety during landings and take-
offs in adverse weather; at the same time, methods
have been developed which can remove runway rubber
deposits so that runway traction is effectively
restored to uncontaminated levels

., Pavement grooving has fulfilled its promise
as a runway surface treatment that minimizes runway
flooding during heavy rainstorms and produces
nearly dry aircraft braking and cornering perform-
ance under wet runway conditions

5. Porous friction course surface treatments
are nearly as effective as pavement grooving, but
further research and time are required to assess the
effects of rubber deposits (and removal), durability,
and maintainability of this surface treatment

Finally, it is hoped that this report on the
status of runway slipperiness research will stim-
ulate the aviation community and the Federal
Regulatory Agencies into a rapid implementation
program to utilize the technological advances this
research has produced and to improve airport runway
safety.
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Figure 4. Space shuttle landing facility at KSC with
. slip-form paving equipment, leveling tube, and
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path on conventional runway surfaces. Landings
on center line.
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Figure 2. Water drainage from concrete runway
at PHF. Water truck wetting; runway 6/24;
wind from 60° at 10 knots.

Figure 5. GOpace shuttle landing facility at

KSC with pavement grooving machine (diamond
blades).
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Figure T. Surface flooding on space shuttle grooved
runway during thunderstorm 6/20/T6.

Figure 10. B-T737 tire reverted rubber skid patch
after 1.8 km (6000 ft) locked-wheel skid on wet
smooth concrete.
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Figure 11l. Aircraft flight test confirmation of
reverted rubber hydroplaning 1965 NASA track;
32 x 8.8 aircraft tire; flooded runway.
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Figure 13. Prediction of aircraft tire friction
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Figure 11&; Empirically derived relationship between
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parameters.
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Figure 15. Aircraft/grou.nd-vehicle correlation
problem for wet and puddled smooth concrete
surface.
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Figure 16. Aircraft/ground-vehicle correlation
problem for wet and puddled grooved asphalt.
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Figure 17. DBV/Mu-Meter relationship found by
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from reference 31.
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Figure 27. Mu-Meter correlation with aircraft

stopping distences on wet surfaces.
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Figure 32. Number of groqved runways at
U.S. air carrier airports.
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Figure 33. Examples of plastic grooving of Portland
cement concrete.
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Figure 34. Wet skid resistance of several new type
runway surface treatments. Artificial wetting.

Figure 35. Tire damage from wheel spin-up at
touch-down on dry grooved runway. Wallops grooved
concrete; groove pattern, 25 X 6 X 6 mm

(1 x 1/ x 1/4 in.); CV-990 jet transport MLG tire,
size 41 x 15.0-18; p = 1102 kPa (160 1b/in2);

Vg = 125 knots.
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FPigure 36. Number of porous friction
course runways at U.S. air carrier
airports.
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Figure 37. Effect of rubber deposits on runway
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Figure 38. Effect of rubber deposits on run-
way traction before and after grooving.
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Figure 39. Approach end of LAFB runway 25 before
and after rubber removal by high-pressure water
blast.
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Figure 40. Effect of rubber removal by high-pressure
water blast on runway traction. LAFB runway 25;
May 1975.



P
Device udry m— 1b/in2
DBV (ASTM E-249 smooth tread tire) . . . . + . « « + + » .| 1.15 165 24
DBV (ASTM E-524 smooth tread tire) . . . . « « o « . » + | 1.20 165 24
Mu-Meter . . . v v ¢ & v ¢ v o s o o o o o s s s 0« . o] 0.84 69 10
Mileg: trailer . o ¢ © o @ o o s © ® @ & ® % ¢« & = & = & G =15 [ 138 20
Skiddometer model BV-6 (ASTM E-249 smooth tread tire). . .| 1.15 165 24

Table 1. Tire characteristics of friction measuring devices

Groove pattern,
Grooving P XWXD
Airport Country Runway Surface technique
mm in.
A (1956) - M UK N/A AC T-F 25 2.3 x .3 1 x1/8 x1/8
B (1957) - M UK N/A AC T-F 25 X 3 x3 1x1/8 x1/8
C (1960) - M UK N/A AC T-F 25 x 3 x 3 1x1/8 x1/8
D (1960) - M UK N/A AC T-F 25 x 3 x 3 1 x1/8 x1/8
E (1960) - M UK N/A PCC T~F 25 % 3 x 3 1x1/8 x1/8
F (1961) - M UK N/A AC T-CS 25 X 3 x 3 1x1/8 x1/8
Manchester (1961) - C UK N/A AC T-F 25 %3 x 3 1 x1/8 x1/8
AC T-DS 25 x 3 x 3 1=x1/8 x1/8
NASA LaRC (1964) - C USA Research track { PCC 1-DS 25 % 6 X 6 1% 1/4 % 1/4
Manchester (1965) - C UK N/A AC T-F 25 %3 x 3 1x%x1/8 x1/8
Ubon (1966) -~ M USA N/A PCC T-DS 51 x 6 X 6 2% 1/4 x 1/4
(Skip 610) (Skip 24)
Udorn (1966) - M USA N/A PCC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
(Skip 610) (Skip 24)
25 x 3-9 x 3 1 x1/8-3/8 x 1/8
T-F ;38 X 3-9 x 3 11/2 x1/8-3/8 x 1/8
51 x 3-9 x 3 2 x 1/8-3/8 x 1/8
NASA LaRC (1966) - C USA Research track PCC 25 x 3-9 x 6 1 x 1/8-3/8 x 1/4
T-DS 238 X 3-9 x 6 | 11/2 x1/8-3/8 x 1/4
51 x 3-9 x 6 2 x 1/8-3/8 x 1/4
Table 2. Grooved runways constructed during 1956-1966
Groove pattern,
. Grooving P XWXD
Airport Country Runway Surface cachntyne
mm in.
Bien Hoa - M USA N/A PCC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
(Skip 610) (Skip 24)
Birmingham - C UK N/A AC T-F 25 % 3 x 3 1x1/8 x1/8
Beale AFB - M USA 14/32 BCC T-DS 25 % 6 X 6 1 x 1/4 x 1/4
John F. Kennedy - C USA 4R/22L PCC T-DS 38 x 10-5 x 3|1 1/2 x 3/8-3/16 x 1/8
Kansas City Mun. - C USA 18/36 PCC/AC T-DS 25 % 3 x 6 1 x1/8 x 1/4
NASA Wallops - C USA 4/22 PCC/AC T-DS 25 X 6 X 6 1 x1/4 x 1/4
Washington Nat. - C USA 18/36 AC T-DS 25 x 3 x 3 1 x1/8 x 1/8

Table 3. Grooved runways constructed during 1967
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Groove pattern,
Grooving PXWXD
Alrport Country Runway Surface technique
mm in.
Atlanta Mun. - C USA 9R/27L PCC T-DS 32 x 10-3 x 6 | 1 1/4 x 3/8-1/8 x 1/4
Chicago-Midway - C USA 13R/31L PCC T-DS 32 X6 %6 1 1/4 x 1/4 x 1/4
Chicago-Midway - C USA 4R/ 22L PCC T-DS 32 X 6 x 6 11/4 x 1/4 x 1/4
Seymour-Johnson
AFB - M USA 8/26 PCC/AC T-DS 51 X6 X 6 2 x 1/4 x 1/4
(Skip 610) (Skip 24)
Tempelhof (Ger.) - M USA 9R/27L AC T-DS 38 x 10 x 10 11/2 x 3/8 x 3/8
Table 4. Grooved runways constructed during 1968
Groove pattern,
i X
Airport Country Runway Surface SZZﬁKiEEe ki Bk
mm in.
Boston Logan - C USA N/A AC T-DS 25 X 6 X 6 1% 1/4 x 1/4
Charleston (W.Va.) - C USA 5/23 PCC/AC T-DS 32 x 6 %X 6 11/4 % 1/4 x 1/4
Chicago 0'Hare - C USA 9L/27R PCC/AC T-DS 32 x 6 X 6 11/4 % 1/4 x 1/4
Dallas Love Field - C USA 13R/31L PCC T-DS 32 x 6 x 6 11/4 % 1/4 x 1/4
Offutt AFB - M USA 12/30 PCC T-DS 32 X 6 X 6 1 1/4 % 1/4 x 1/4
Wellington - C New N/A AC T-DS 25 x3 x 3 1 x1/8 x1/8
Zealand
Table 5. Grooved runways constructed during 1969
Groove pattern,
¢ Grooving P XWXD
Airport Country Runway Surface techntaue
mm ins
Bankok Thailand N/A PCC T-DS 51 X 6 X 6 2 X 1/4 % 1/4
Dallas Love Field - C| USA 13L/31R AC T-DS 38 x 10 x 6 | 1 1/2 x 3/8 x 1/4
Harry S. Truman - C USA 9/27 PCC/AC T-DS/CS 38 x 10 x 6 | 1 1/2 x 1/4 % 1/4
Kadena - M USA N/A PCC/AC T-DS 32 X 6 X 6 11/4 x 1/4 % 1/4
Nashville Met. - C USA 2L/20R AC T-DS/CS 51 X 6 X 6 2 x 1/4 % 1/4
Nashville Met. - C UsA 13/31 PCC/AC T-DS/CS 32 X 6 %X 6 11/4 x 1/4 x 1/4
Orly - C France N/A PCC T-DS N/A N/A
Port Hardy - C Canada N/A AC T-DS 25 x 6 X 6 1 x1/4 x 1/4
Shemya - M USA 10/28 AC T-DS 32 x 6 X 6 11/4 x 1/4 x 1/4
Table 6. Grooved runways constructed during 1970
Grooviig Groove pattern,
Airport Country Runway Surface technique P XW XD
mm in.
Boston Logan - C USA 4R/22L AC T-DS 57 X 6 X 6 2 1/4 x 1/4 x 1/4
Chicago O'Hare - C USA 4R/221, PCC T-DS 32 X 6 %X 6 1 1/4 % 1/4 x 1/4
Houston Int. - C USA 8L/26R PCC T-DS 51 X 6 X 6 2 % 1/4 x 1/4
Kaitak - C Hong Kong | 13/31 PCC/AC T-DS 44 X 6 X 6 1 3/4 x 1/4 x 1/4
Kunsan - M USA 17/35 PCC T-DS 32 x 6 X 6 1 1/4 % 1/4 x 1/4
LaGuardia - C USA 4/22 AC T-DS 38 x 10-5 %X 5 1 1/2 = 3/8-3/16 x 3/16
LaGuardia - C USA 13/31 AC T-DS 38 x 10-5 x 5 1 1/2 % 3/8-3/16 x 3/16
Memphis Int. - C USA 17R/35L PCC T-PGWB N/A N/A
Newark - C USA 4L/22R AC T-DS 38 x 10-5 x 5 11/2 x 3/8-3/16 x 3/16
San Diego Lindberg - C USA 9/27 PCC T-DS 25 X 6 X 6 1 x 1/4 x 1/4
Springfield (Il1l.) - ¢| wusa 4/22 PCC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
Tampa Int. - C USA 18L/36R PCC T-PGWB N/A N/A
Teble 7. Grooved runways constructed during 1971




Groove pattern,
Airport Country Runway Surface Szzzzigie FRW =D
mm in.
Baton Rouge - C usa 4/22 PCC T-PG 51 X 6 X 6 2 x 1/4 x 1/4
Boston Logan - C USA 4R/22L AC T-DS 57 X 8 X 6 2 1/4 % 5/16 x 1/4
Cincinnati - C USA 18/36 AC T-DS 38 X 6 X 6 11/2 x 1/4 x 1/4
Cincinnati - C USA 9R/27L PCC T-DS 38 X 6 X 6 11/2 x1/4 x 1/4
Denver Stapleton - C USA 17L/35R PCC T-DS 51 X 6 X 6 2 % 1/4 x 1/4
Detroit Metro. - C USA 3L/21R PCC T-DS 32 X 6 %X 6 11/4 % 1/4 x 1/4
Minneapolis - C USA 4/22 PCC T-DS 51 X 6 %X 6 2 x 1/4 x 1/4
Oklahoma City - C USA 17R/35L PCC T-PG 25 x 13 x 13 1 x1/2x1/2
Omaha Eppley Field - C USA 14R/32L AC T-DS 32 x 6 x 6 11/4 x 1/4 x 1/4
Osan - M USA 9/27 PCC T-DS 32 X 6 % 6 11/4 % 1/4 x 1/4
Plattsburg - M USA 17/35 PCC T-DS 38 X 6 x 6 11/2 x 1/4 x 1/4
Shaw - M USA 4L/22R PCC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
(Skip 610) (Skip 24)
Springfield (Mo.) - C USA 1/19 PCC T-DS 51 X 6 %X 6 2 x 1/4 x 1/4
St. Paul Holman - C USA 12/30 AC T-DS 32 X 6 X 6 11/4 x 1/4 x 1/4
Waterloo Mun. - C USA 12/30 PCC T-DS 32 x 6 X 6 11/4 x 1/4 x 1/4
Washington Nat. - C USA 18/36 AC T-DS 32 X 6 X 6 11/4 x 1/4 x 1/4
Table 8. Grooved runways constructed during 1972
Groove pattern,
Alrport Country Runway Surface EzggXiZEe R ®q =D
mm in.
Allentown - C USA 6/24 AC T-DS 32 X 6 X6 11/4 x 1/4 x 1/4
Atlanta Int. - C USA 9R/27L PCC T-PGWC N/A N/A
Baltimore Int. - C USA 10/28 AC T-DS 32 x 6 X 6 11/4 x 1/4 x 1/4
Baltimore Int. - C USA 15/33 AC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
Charles DeGaulle - C France N/A PCC T-DS N/A N/A
Clarksburg - C USA 3/21 AC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
Cleveland Hopkins - C USA 5R/23L AC T-DS 38 x 6 X 6 11/2 x 1/4 x 1/4
Dallas/Ft. Worth - C USA 17L/35R PCC T-DS 38 X 6 X 6 11/2 x 1/4 x 1/4
Dallas/Ft. Worth - C USA 17R/35L PCC T-DS 38 X 6 x 6 11/2 x 1/4 x 1/4
Dallas/Ft. Worth - C USA 131/31R PCC T-DS 38 % 6 %X 6 11/2 x 1/4 x 1/4
Gainsville Mun. - C USA 10/28 AC T-DS 38 X 6 % 6 11/2 x 1/4 x 1/4
Griffiss - M USA 15/33 BCC T-DS 51 %6 x 6 2 x 1/4 x 1/4
Huntington - C USA 12/30 AC T-DS 32 %X 6 X 6 1 1/4 x 1/4 x 1/4
Jacksonville Int. - C USA 7/25 AC T-DS 51 % 6 x 6 2 x 1/4 x 1/4
Lafayette (Ind.) - C USA 10/28 AC T-DS 32 X 6 X6 11/4 x 1/4 x 1/4
LaGuardia - C USA 13/31 AC T-DS 38 x 10-5 x 5| 1 1/2 x 3/8-3/16 x 3/16
Miami Int. - C USA 9L/27R AC T-DS 38 x 6 x 6 11/2 x1/4 x 1/4
Miami Int. - C USA 9R/27L AC T-DS 38 X 6 %X 6 11/2 x 1/4 x 1/4
Patrick Henry Field - C USA 6/24 PCC T-PGWC 13 % 3 x 3 1/2 x 1/8 x 1/8
Peoria (Ill.) - C USA 12/30 AC T-DS 51-76 X 6 X 6 2-3 x 1/4 x 1/4
Savannah - C USA 18/36 PCC T-PGWC N/A N/A
South Bend - € USA 9/27 AC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
St. Louis Lambert - C USA 6/24 PCC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
Vance - M USA 17R/35L PCC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
Williamsport - C USA 9/27 AC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
Table 9. Grooved runways constructed during 1973
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Groove pattern,
Grooving P XWXD
Alrport Country Runway Surface Eephadaque
mm in.
Albany (N.Y.) - C USA 10/28 AC T-DS 32 X 6 X 6 11/4 x 1/4 x 1/4
Allentown - C USA 13/31 AC T-DS 38 x 6 X 6 11/2 x 1/4 x 1/4
Bagotville - M Canada 11/29 PCC T-~PGWC N/A N/A
Bangor - C USA 15/33 PCC T-DS 32 x 6 x 6 1 1/4 x 1/4 x 1/4
Cedar Rapids - C USA 8/26 AC T-DS 32 X 6 X 6 11/4 x 1/4 % 1/4
Cedar Rapids - C USA 13/31 AC T-DS 32 X 6 %X 6 11/4 x 1/4 x 1/4
Chattanooga - C USA 2R/20L AC T-DS 38 X 6 X 6 11/2 x 1/4 x 1/4
Chicago O'Hare - C USA 14L/32R AC T-DS 32 x 6 X 6 11/4 x 1/4 % 1/4
Chicago O'Hare - C USA 14R/32L AC T-DS 32 X 6 x 6 11/4 x 1/4 x 1/4
Chicago O'Hare - C USA 9R/27L AC T-DS 32 x 6 X6 11/4 x 1/4 % 1/4
Cleveland Hopkins - C USA 10L/28R AC T-DS 38 X 6 X 6 11/2 x 1/4 % 1/4
England - M USA 14/32 PCC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
(Skip 610) (Skip 24)
Elsworth - M USA 12/30 AC T-DS 38'x 6 X 6 1 1/2 x 1/4 x 1/4
Harry S. Truman - C USA 9/27 AC T-DS 51 x 10 x 6 2 x 3/8 x 1/4
Jacksonville Int. = C USA 125 AC T-DS 51 X 6 X 6 2 x 1/4 %X 1/4
John F. Kennedy - C USA 13L/31R AC T-DS 38 x 10-5 x 5|1 1/2 x 3/8-3/16 x 3/16
John F. Kennedy - C USA 4L/22R PCC/AC T-DS 38 x 10-5 x 5|1 1/2 x 3/8-3/16 x 3/16
Lawton - C USA 17/35 PCC T-PG 51 X 6 x 3 2 x1/4 x1/8
Los Angeles Int. - C USA 6R/24L PCC/AC T-DS 38 x 6 X 6 11/2 x 1/4 x 1/4
Louisville - C USA 1/19 PCC T-PGWB N/A N/A
Memphis Int. - C USA 17L/35R PCC T~PGWB N/A N/A
Minneapolis - C USA 11R/29L PCC/AC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
Newark - C USA 4R/22L AC T-DS 38 x 10-5 x 5|1 1/2 x 3/8-3/16 x 3/16
Patrick Henry Field - C USA 2/20 PCC T-PGWC 13 x 3 x 3 1/2 x 1/8 x 1/8
Pittsburg - C USA 10L/28R PCC T-DS 32 x 6 x 6 11/4 x 1/4 x 1/4
Ponca City - C USA 17:/35 PCC T-PG 51 X 6 X 3 2 x 1/4 x 1/8
Washington Nat. - C USA 18/36 AC T-DS 32 x 6 X 6 1 1/4 x 1/4 x 1/4
Table 10. Grooved runways constructed during 1974
Groove pattern,
Airport Country Runway Surface iZEEXizie EXgsl =
mm in.
Arlanda - C Sweden N/A PCC N/A 25 X 3 %3 1%x1/8 x1/8
Beaumont - C USA 11/29 PCC T-PG 51 X 6 X 6 2 x 1/4 x1/4
Boston Logan - C USA 4L/ 22R AC T-DS 57 X 6 X 6 2 1/4 x 1/4 x 1/4
Boston Logan - C USA 15R/33L AC T-DS 57 X 6 %x 6 2 1/4 x 1/4 x 1/4
Cannon - M USA 3/21 PCC T-DS 51 X 6 x 6 2 x 1/4 x 1/4
(Skip 610) (Skip 24)
Charlotte - C USA 5/23 PCC/AC T-DS 4t X 6 X 6 1 3/4 x 1/4 x 1/4
Chicago O'Hare - C USA 9L/27R AC T-DS 32 X 6 X6 11/4 x 1/4 x 1/4
Chicago O'Hare - C USA 4L/22R AC T-DS 32 X 6 x 6 11/4 x 1/4 x 1/4
Denver Stapleton - C USA 17L/35R PCC T-DS 51 X 6 %X 6 2 x 1/4 x 1/4
Des Moines Mun. - C USA 12L/30R AC T-DS 32 x 6 x6 11/4 x 1/4 x 1/4
Dunedin - C New N/A N/A N/A N/A N/A
Zealand
Elmira - C USA 10/28 AC T-DS 32 X 6 X 6 11/4 x 1/4 x 1/4
Erie - C USA 6/24 AC T-DS 51 x 6 X 6 2 x 1/4 x 1/4
Fort Lauderdale - C USA 9L/27R AC T-DS 38 X 6 X 6 11/2 x 1/4 x 1/4
Grand Forks - M USA 17/35 PCC T-DS 51 X 6 X 6 2 x 1/4 x 1/4
Houston Int. - C USA 14/32 PCC T-PG 51 X 6 X6 2 x 1/4 x 1/4
Invercargill - C New N/A N/A- N/A N/A N/A
Zealand
Kansas City Int., - C USA 9/27 PCC T-DS 32 x6 x 6 1 1/4 x 1/4 x 1/4
Kansas City Int. - C USA 1/19 PCC/AC T-DS 32 X 6 x 6 1 1/4 x 1/4 x 1/4
Kincheloe - M USA 15/33 PCC T-DS 51 X 6 x 6 2 x 1/4 x 1/4
Knoxville - C USA 41./22R PCC T-PGWB N/A N/A
Lubbock Int. - C USA 8/26 PCC T-DS 32 X 6 x 6 1 1/4 x 1/4 % 1/4
Monroe (La.) - C USA 4/22 PCC T-PG 13 x 6 x 3 1/2 x 1/4 % 1/8
New Haven - C USA 2/20 AC T-DS 48 x 6 % 6 17/8 x 1/4 % 1/4
Pittsburg - C USA 14/32 PCC/AC T-DS 32 x 6 X6 1 1/4 x 1/4 x 1/4
Pittsburg - C USA 10R/28L PCC T-DS 32 x 6 %6 1 1/4 x 1/4 % 1/4
San Antonio - C USA 12R/30L PCC T-PG 51 X 6 % 6 2 x 1/4 x 1/4
Tallahassee - C USA 18/36 AC T-DS 44 x 6 % 6 1 3/4 x 1/4 x 1/4
Tampa - C USA 18R/36L AC T-DS 44 X 6 %X 6 1 3/4 x 1/4 X 1/4
Washington Nat. - C USA 15/33 AC T-DS 32 X 6 %6 1 1/4 x 1/4 % 1/4
Wilkes-Barre - C USA 4/22 AC T-DS 38 X 6 % 6 11/2 x 1/4 x 1/4
Victoria Int. - C Canada N/A N/A N/A N/A N/A
Zurich - C Switzerland| N/A N/A N/A N/A N/A
Table 11. Grooved runways constructed during 1975




Groove pattern,
Airport Country Runway Surface gzzgzizie TEE XD
mm in.
Albany County - C USA N/A AC T-DS 32 X 6 X 6 11/4 x 1/4 x 1/4
Boston Logan - C USA N/A AC T-DS 57 X 6 %X 6 2 1/4 x 1/4 x 1/4
Cumberland (Md.) - C USA N/A N/A T-DS N/A N/A
Jackson County USA N/A AC T-DS 32 x 6 x 6 11/4 x 1/4 x 1/4
(W.Va.) - C
Lihue (H.I.) - C USA N/A AC T-DS 44 X 6 X 6 1 3/4 x 1/4 x 1/4
NASA Kennedy - C USA PCC T-DS 29 X 6 X 6 11/8 x 1/4 x 1/4
Raleigh Heights USA N/A PCC/AC T-DS 32 X 6 X 6 1 1/4 x 1/4 x 1/4
(W.Va.) - C
Wood County USA N/A AC T-DS 38 X 6 X 6 11/2 x 1/4 x 1/4
(W.va.) - C
Table 12. Grooved runways constructed during 1976
Touchdown area, Trafficked, Untrafficked,
rubber deposits no rubber no rubber
Airfield Runway Surface ATD ATD ATD
SDR SDR SDR
(a) mm in. (a) mm in. (a) mm in.
Travis 21L PEC 5.79 [ 0.3759 |1 0.0148 | 2.28 | 0.9677 | 0.0381 | === — e
Fairchild 23 PCE God .1092 .0043 ] 1.97 L4318 .0170 [ 1.97 | 0.2769 | 0.0109
Castle 30 AC 4.60 L1448 .0057 | 2.00 ———— — 1.59 .8306 .0327
Loring 01 AC 4,58 . 1499 .0059 | 1.99 .3632 L0143 | ==—= — s e
Travis 21R AC 4.01 .3632 .0143 ] 2,71 4140 .0163] 2.18 5537 .0218
McGuire 24 AC 3.92 w975 .0062 ] 1.93 « 3073 #0121 |/ 1.33 ——— i
Torrejon 23 AC 3.85 .1626 L0064 | 1.85| 1.1633 .0458 | 1.50 6452 L0254
Mather 225 PCC/AC 3715 .2083 .0082 | 1.86 L4140 ,0163 | ==—= ———— e
Blytheville 17 PCC 3.73 | === ———— | 2,45 | =—=== — 1.57 | weee ———
Dover 01 PCC/AC 3.62 | === — | 1.74 | ———- ———— | LAT7 [ e -—
Scott 31 AC 3,61 | =mem —— | 1.83 = et I A e
Robbins 32 PCC 359 .2896 L0114 | 2.01 4928 L0194 | ———- ———— =i
Cannon 24, PCC/GPCC 3.59 | ———- —— | 1.74| ==—- = | 143 | e ——
Rickenbacker 23L PCC 3.40 .2769 L0109 | 2.04 4851 .0190 | 1.86 .5055 .0199
Homestead 05 PCC 3.37 .2235 .0088 | 1.92 .7061 L0278 | 2.17 L4140 .0163
Grissom 22 AC 3.23| .1041| .0041| 1.66| .5055| .0199| 1.60| . 5283 | .0208
Charleston 15 AC/PCC 3is:21. +2159 .0085] 2.55 ——— — 2,21 + 3302 .0130
Zaragosa 31R AC 2.93| .2591| .0102]1.31 5817 .0229| 1.32 | 5537 | .0218
Mather 22R AC 2,90 | .2083| .0082|2.18| .4140| .0163| 1.67 | ——— ————
Andrews 0lL PCC 2.89 | .4064 | .0160| 2.14 5588 | .0220( 2.28 9398 | .0370
Charleston 21 AC 2.79 .3327 .0131] 1.88 .5817 0229 | ==== ——— s
Shaw 4L PCC/GPCC/AC 207 L3429 .0135| 1.79 7264 .0286| 1.52 L4851 .0191
McConnel 18R AC 2. F1 e PR 2.03 s i T et o
Hector 35 PCC 24712 — — 1.95 L6121 .02411 1.89 ——— ———
Dover 31 AC 2,66 | —=== —-—== 11.89 —— = 1.28 | =-==-= Sl
Columbus 13L PCC/AC 2.62 L4851 .0191| 1.80 L4851 L0191 1.71 « 5537 .0218
Glasgow 28 PCC 2.61 .3632 70143 1 2:11 L2464 .0097 | 2.37 1727 .0068
Andrews 01R PCC/AC 2.60 v3302 +O130. | 1.73 635 025 1.82 .686 .027
England 14 PCC 2.54 | === -——— | 2.66 .5055 | .0199 | wmme | ——— —
Aviano 05 AC 251 .889 .035 1.73] 1.168 046 1.84 .965 .038
R. Gebaur 36 PCC/AC 2.50 | === ——— | 2.22 | ==== ———— | 2,29 | —=== —
Vance 17R PCC/AC/GPCC 2.50 | ==e=— - | 1.50 | ===- e 1,53 | —=== ——
Soesterberg 28 AC 2,42 | meee ——— 2,29 | ===- ——== | 1.57 | === —_—
Columbus 13R PCC 2,40 | =wes Zesa | 2,28 | s s | e e v
England 18 PCC/AC 2.39 .6452 .0254 | 2.57 .6375 L0251 | 2.40 -—— —_——
Moody 18R PCC/AC 2438 .4851 L0191 | 1.48 | 1.1633 L0458 1 1.32 | 1.1633 .0458
Zweibrucken 03 AC 2434 59283 .0208 | 1.35 .8941 .0352 | 1.16 .7264 .0286
Bentwaters 25 PCC/AC 233 .4851 .0191 ] 1.44 | 1.1633 0458 | 1.57 6121 .0241
Moody 18L PCC/AC 2,32 .3073 .0121 | 1.66 .5283 .0208 | 1.45 .6121 .024]1
Craig 32L PCC/AC 227 .4318 .0170 ]| 1.70 3327 L0131 | 1.42 ] 1.3462 .0530
Rickenbacker 23R AC 2.26 ——— e 1.94 PRI e | s SR A
Vance 17C PCC/AC 2,25 .1448 .0057 | 1.45 .8941 .0352 :1.52 e ————
Columbus 13C PCC/AC 2.22 e — 1.90 ———— e 2.13 —— —
Woodbridge 27 AC 222 —— ———— 1.53 o —— 2,01 —— i
Niagara Falls 28 AC 2.12 L1651 .0065 | 1.80 L4851 .0191]11.28 .6121 L0241
Vance 17L PCC 2.10 ———— ——— 2.09 .4851 0191 | ==ee ———— ————
McConnel 18L AC 2,03 et — 1.73 — ——— 1.89 ———— —
McGuire 36 PCC/AC 2.00 1575 .0062 | 1.66 . 3023 .012111.36 ——— T
Myrtle Beach 17 PCC/AC 2.00 L4013 .0158 | 1.57 .5283 .0208 | 1.52 6452 .0254
Cannon 30 PCC/AC 2,00 —— — 1.65 —— i 1.81 —-— —_——
Shaw 04R PCC/PGWC/PCC  [1.99 .3150 .0124 | 1.13 | 1.5570 .0613]1.38| =-——- —_——
Erding 26 PGE 1.93 .2184 .0086 | 2.04 L4851 .0191 ]| 1.73 4470 .0176
Hurlburt 35 PCC/AC 1.89 +3055 .0199 | 1.92 .6833 .0269 | 1.34 .8306 .0327
McChord 34 AC 1.87 L7747 .0305 ] 2.23 .8306 03271 2.13 7747 .0305

aDBV SDR 3 minutes

after wetting.
Table 13.

evaluated July 1973 to December 1974 by AFCEC

[From reference 28]

DBV SDR and NASA grease test ATD obtained on runways



Rubber-coated touchdown areas Trafficked, Untrafficked,
no rubber no rubber
Alrfield Runway Primary Secondary (wheel paths) (runway edge)
SDR Surface | SDR Surface SDR Surface SDR Surface
(a) (a) (a) (a)
Palmdale 07/25 6,12 PCC 2455 PCC 2,31 PCC —— PCC/AC
March 13/31 5.19 Pec 2.46 PCC 2,21 CL e AC
Barksdale 14/32 4,73 AC 3.70 AC 1.84 AC 1.40 AC
Norton 05/23 4,58 PCC 2.75 PCC 2.19 PCC 2.40 PCC
byebb 17L/35R 2.95 PCC/AC L.51 PCC/AC 4,51 AC — AC
Dyess 16/34 3.52 PCC 4.46 PCC 2.61 PCC e AC
Carswell 17/35 3.78 AC/PCC 4,11 PCC 2.36 Ac/pCC 1.32 AC
Elmendorf 05/23 3.53 AC 1.92 AC 2.95 AC 1:52 AC
Reese 17R/35L 3.03 PCC 1.85 PCC/AC 1.80 PCC/AC 172 AC
Davis Monthan 12/30 2.98 AC 2,50 PCC 1.54 AC 1.39 AC
Palmdale 04/22 2.88 AC 2.43 AC 1.82 AC 2.05 AC
byebb 17R/35L 2.82 PCC/AC 2.65 PCC/AC 2.69 AC —pedsy AC
Laughlin 13¢/31¢ 2.70 PCC/AC 1.88 PCC/AC 1.69 AC 1.75 AC
Randolph 14L/32R 2.65 PCC 2.16 PCC 2,05 PCC 2.27 PCC
Yokota 18/36 2.61 PGC 1,95 | Pcc 1.91 PCC 1.94 PCC
Reese 17¢/35¢ 2.37 | Ac 2.59 | AC 2,15 AC 2.06 | AC
Williams 12L/30R 2.52 PCC/AC 157 AC 1.68 AC 1.65 AC
CWilliams 12¢/30¢ 2.39 PCC s —— e m——— —— —
Williams 12R/30L 2.36 PCC 2.16 PCC 2.22 PCC 2.03 PCC
Laughlin 13L/31L 2i15 PCC/AC 2,31 PCC/AC 1.35 AC —— AC
Elmendorf 15/33 2.21 AC 1.86 AC 2.05 Ac/pce —— AC
Laughlin 13R/31L 1.87 AC 2.20 AC 1.56 AC - AC
Randolph 14R/32L 2.13 PCC/AC 1.90 PCC 1.48 PCC/AC 1.39 PCC/AC
Vandenberg 12/30 1«59 AC 1.54 AC 1,60 AC 1.32 AC
Reese 17L/35R —— PCC/AC i PCC/AC 1.39 AC —— AC

aAverage DBV SDR 3 minutes after wetting.

bAsphalt emulsion diluted with water applied to asphaltic concrete.
c .

Runway under construction,

New runway surface.

Table 14. DBV SDR obtained on runways evaluated January to June 1975 by AFCEC
[From reference 38]

Trafficked,
Touchdown area, ot mabber
rubber deposits
Airport Runway E (wheel path)
SDR Surface SDR Surface SDR Surface
(a) (a) (a)
12R/30L 4.79 12R:AC 3.51 30L:AC 2,90 AC
St. Louis Int 6/24 2.48 24:PCC 213 6:PCC 1.85 PCC
d ! 12L/30R 1.93 30R:PCC .35 12L:WCPCC 1.81 PCC
17935 1.77 17:PCC 1.63 355PCE 1.79 PCcC
9R/27L 4,44 9R:AC 2.88 27L:AC 1.81 AC
Miami Tnt 9L/27R 2,88 9L:AC 1.98 27R:AC L2 AC
K 12/30 2,01 12:AC 175 30:AC 1.56 AC
17/35 1.35 17:AC 1,32 35:AC 1,33 AC
171./35R 3,82 17:pCC 391 3SR:PCC 2,44 PCC
. 9/27 1.83 27:AC 1.58 9:AC 1,32 AC
Mempbil: Tuk b1 7R/35L =i, o A iz 1.47 | Pcc
3/21 1.18 3:AC 1.16 21:AC 1.17 AC
10/28 3.76 10:PCC 2.22 28:AC 2,26 PCC
New Orleans Int. 1/19 3.22 19:pCC 3.03 1:AC 217 PCC
5423 1.22 23:AC —— 5:AC 1.32 AC
9L/27R 2.88 9L:WCPCC 2,26 27R:WCPCC 1.38 WCPCC
Atlanta 15/33 2.21 33:AC L4572 15:AC 1.50 AC
W. B. Hartsfield 9R/27L 2.09 27L:GPCC 1.24 9R:GPCC L.12 GPCC
3/21 1,69 21:AC 1.52 3:AC 1.36 AC
. 7/25 2.77 TwPEC 2,53 25:PCC 2,12 PCC
Jack: Int,
gekEonyLle, Tt 13/31 2.65 | 3l:pcc 2,33 | 13:PcC 1.97 | »cc
18/36 2,45 36:AC 1.93 18:AC 1.73 AC
Greater Cincinnati 9R/27L 2..38 27L:AC 2.09 9R:AC 1.77 AC
9L/27R 1.30 9L:PCC 1.15 27R:PCC 1.25 PCC
18/36 2:.32 36:AC 1.39 18:AC 1.46 AC
charlotte Douglas | 503 1.81 | 5:ac 1.38 | 23:4ac 1.22 | ac
13/31 2,12 31:AC 1.71 13:AC 1.69 AC
Nashville Int. 2L/20R 2,08 20R:GAC 1.82 2L:GAC 2.04 GAC
2R/20L 1.30 20L:AC —— 2R:AC 1.24 AC
5/23 1.33 23:GPCC 1.10 5:GPCC 1.09 GPCC
Ghacleston Kaauna || 14pam 1.20 | 32:aC 1.09 | 14:aC 1.16 | ac

3Average DBV SDR.
blew surface; under construction.

Table 15. DBV SDR obtained at 10 civil airports evaluated November 1971 to
April 1972 by FAA [From reference 29]
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Ad i Date R Rubber SDR Surface; Groove pattern; Source
2l tested Lnway deposits = date installed date installed v
B DBV Adircraft
Cannon AFB 11/73 3/21 Heavy 23,59 to 2.46 - 305 m (1000 ft) 51 X 6 X 6 mm Reference 8
None 1.74 PCC, 2438 m (2 % 1/4 x 1/4 1n.),
(8000 ft) GPCC, groove 610 mm (2 ft)
305 m (1000 ft) skip 610 mm (2 ft);
PCC; date unknown 1973
Shaw AFB 1/74 4L/27R | Med-1t 2,77 to 1.97 - 305 m (1000 ft) 51 X 6 X 6 mm Reference 8
None 1.79 = PCC, 1367 m (2 % 1/4 x 1/4 in.),
(3500 ft) GPCC, groove 610 mm
1370 m (4500 ft) (2 ft) skip 610 mm
GAC, 305 m (2 £t); 1971
(1000 ftr) PCC;
date unknown
Vance AFB 12/73 17R/350 Lt-med 42.50 == 457 m (1500 ft) |51 x 6 X 6 mm Reference 8
None 21.50 PCC, 853 m (2 x 1/4 % 1/4 in.);
(2800 ft) GPCC, 1973
1036 m (3400 ft)
AC; date unknown
Houston Int, b6/70 8L/26R | Heavy- 3.46 to 2.94 - PCC; date unknown [ Ungrooved Unpublished
med
c
10/71 Lt- 2.08 to 2.52 1.91 to 2.52 Ungrooved
none
d 51 x 6 x 6 mm
2/25/71 None 1.13 to 1.44 | “1.10 to 1.53 (2 x 1/4 x 1/4 1n.);
Heavy 2.27 to 2.43 —- 2724171 ' | Unpublished
Miami Int. 3/73 9R/27L | Heavy 4.62 to 3.51 - AC overlay; 11/72 | Ungrooved Unpublished
None 2.43 -
9L/27R | Heavy- 3.16 to 2.38 -
med
5/73 9R/27L Heizy— 2.42 to 1,51 - 38 x 10 x 6 mm Unpublished
(1 1/2 % 1/4
9R/27L | None 1.51 = x 1/4 1 . fe
9L/27R | None 1.22 = #4 0.); “2974
John F. Kennedy 7/69 4R/22L | None 1.75 f1.57 PCC; 1959 38 x 10-5 X 3 mm
7/69 Heavy 2.20 1.86 (1 3/8 x 3/8-3/16 Reference 1
10/71 Lt- 1.47 to 1.80 | °1.50 to 1.67 * e dnads 1967 || yosunivgned
none
Atlanta Int. 11/71 9R/27L | Heavy- 2.09 to 1.24 —_ PCC; date unknown |32 X 10-3 X 6 mm Reference 10
med (1 1/4 x 3/8-1/8
None 15112 x 1/4 in.); 1969
Nashville Int. 4/72 2L/20R | Lt 2.08 to 1.82 - AC; date unknown 32 %X 6 X 6 mm Reference 10
None 2.04 - (1 1/4 x 1/4
x 1/4 in.); 1970
Harry S. Truman 6/70 9/27 Heavy 2.28 - AC; date unknown Ungrooved Unpublished
None 1.40 = 38 x 6 X 6 mm
Heavy 1.69 (1 1/2 x 1/4
None 1.18 x 1/4 1in.); 4/70
Seymour-Johnson AFB | 7/69 8/26 None 1.35 t1.38 PCC; 1960 51 X 6 X 6 mm Reference 1
Heavy- 1.50 1.47 (2 1/4 x 1/4
1t % 1/4 in.),
groove 610 mm
(2 £t) skip 610 mm
(2 £ft); 1968

2ppv test area contained both grooved and ungrooved pavements.

b
Rubber removed after test.

®p-727.

dpc_g,

®9L/27R being grooved at time of test.

fC—141.

Table 16.

with and without rubber contamination [From reference 39]

DBV and aircraft SDR obtained on transverse grooved runway surfaces
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Todehdown: Area, Trafficked, no rubber
Sicface rubber deposits -
Alrport Runway ATD ATD
DBV SDR DBV SDR
(a) mm in. mm in.
13 GAC 1.0 1.07 1.56 0.061 1.08 1.48 0.058
ALL 31 ‘ 1.29 1.49 .059 1.08 1.48 .058
entown 6 GhE  B.TS 2.07 1.52 .060 1.66 1.48 .058
24 - 1.71 1.60 .063 1.66 1.48 .058
1 2571 0.229 0.009
AC 1.4 2.01 0.305 0.012
Akeronclankon 19 2,19 «229 .009
5 1,32 .254 .010
23 AC 1.4 1.26 330 013 1.47 +330 .013
4L 1.12 = s 0.90 —— _—
9K GAC 1.0 100 il = ‘90 = ey
4R 1.62 — e 1.96 -— —
Boston Logan 291, GAC 1.0 1.75 o il 1.96 o bivioll
158 1.39 — ana 2.00 — ———
33L e 2.50 st ——— 2.00 R -
5 1.0 2,06 0.838 0.033 2,30 0.864 0.034
23 AQ : 2,68 1.092 .043 2.30 .864 .034
Buffalo 14
byy
15 2.09 0.559 0.022
Burlington 13 AC 1.0 2.04 1508 020 1.75 0.584 0.023
5 1,27 0.211 0.008
23 GPCC 0.8 1.42 165 L007 1,35 0.221 0.009
Charleston,W.Va. bl4
32
18 1.51 1.346 0.053
36 GAC 1.5 1.70 1.270 L 050 2.05 1.016 0.040
Cincinnati
9R 1.34 .838 .033
271, GPCC 1.5 1.78 1.270 -050 1.38 1,194 0.047
5R 1.7 0:437 0.029
23L GAC 1:3 2.4 279 011 2,14 1.092 0.043
Cleveland
10L 1..30 1.118 044
28R GAC 0.8 1.39 737 029 L.54 1.702 .067
3L 1.58 1.270 0.050
. 21R GPCC 1.0 1.65 1.270 050 1.68 1,270 0.050
Detroit
9 2.10 L4632 .017
) 2 .02
27 PCC/AC 1.0 2.77 076 003 1.91 508 020
1L 811 0.152 0.006
198 PCC 1.0 3.90 102 L 004 2,98 0.254 0.010
Dulles
1R 4,48 229 .009
= .01
191 PCC 1.0 3.12 279 011 3.13 .254 010
4 oA o 2.00 0.330 0.013 . . oA
22 [ 2.05 «203 .008 i -
Ft. Wayne
9 Le 77 1.016 . 040
5 .020
27 PCC/AC N/A 181 "559 "022 1.80 508
8R 2.36 0.254 0.010
i .005
Grand Rapids 26L PCC/AC 1.5 1.96 254 0l0 1.57 0..127 0
18 1.68 0.686 0.027
.040
36 PcC 1:5 1.35 1.118 044 1.43 1,016 0
Madison
13 1.62 .381 .015 005
31 o Lea 1.70 254 | .010 ek A7

®Number on right of column represents the runway transverse slope in percent.

bUnder construction.

Table 17. DBV SDR and NASA grease test ATD obtained on runways evaluated by
the FAA trial application — runway friction calibration and pilot
information program during August and September 1975
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Touchdown area,
rubber deposits Trafficked, no rubber
Surface
Adrport Runway ATD ATD
DBV SDR DBV SDR
(a) mm in. mm in.
Byr
Milwaukee b19R
7R 1.67 0.838 0.033
251, PCC 1.0 3.02 1.118 rm 1.56 0.432 0.017
9 2.34 0.508 0.020
27 AC 1.0 2.77 102 T004 2.65 0.508 0.020
Moline
12 2.66 .216 ,009
1.0 .
30 . 2.91 .152 .006 Zo48 e 005
30 1.36 0.965 0.038
12 GAC 1..25 1.52 991 039 1.16 1.397 0.055
Peoria
4 1.14 .635 .025
22 AC 1.0 L.04 ©305 012 143 1.270 .050
9R 4.99 0.127 0.005
Philadelphia 271, AC 1.0 3.57 127 2005 2.47 0.279 0.011
10R 2415 1.549 0.061
28L GAC 1.0 2.54 1.549 061 1.63 1.600 0.063
HERTARUR 101 143 1.549 061
L . o .
28R GAC L.5 1.49 1.626 064 1.35 1.600 .063
;; AC 1.0 12‘1' 0'32; °'g§g 1.27 0.737 0.029
Portland, Maine > b )
18 1.86 .254 .010
36 AC 1.0 1.83 279 o1l L 17 .279 .011
;g AC 1.0 ;';g o‘igg O'ggg 1.79 0.356 0.014
Rochester, N.Y. : : :
4 3.68 .102 .004
22 PCC 1.0 4.50 127 -005 3.60 «152 .006
2Number on right of column represents the runway transverse slope in percent.
bUnder construction.
Table 17. Concluded
Year Airport Runway Year Airport Runway
Hahn AB - M 11/29 1973 St. Louis Lambert - C 6/24
1970 ﬁiZSgiiiznAgailM- . é;gg Aberdeen (S. Dak.) - C 13/31
Farmington (N. Mex.) - C 7/25
1971 Dallas NAS - M 17/35 Greensboro-High Point - C 14/32
Gallup (N. Mex.) - C 6/24 Hill AFB - M 14/32
Denver Stapleton - C 8L/26R 1974 Las Vegas (Nev.) - C 7/25
RAF Bentwaters - M 7/25
Denver Stapleton - C 8R/26L
RAF Lakenheath - M 6/24
Great Falls Int. - C 16/34
. Roswell (N. Mex.) - C 17/35
Hot Springs (Va.) - C 6124 Sioux City (Idaho) - C 17/35
1972 Nashville Metro. - C 2L/20R )
Sioux Falls (N. Dak.) - C 15/33 Boise (Idaho) - C 10R/28L
Springfield (Mo.) - C 13/31 Jackson Hole (Wyo.) - C 18/36
Vernal (Utah) - C 16/34 Jamestown (N. Dak.) - C 12/30
Wichita Mun. - C N/A 1975 Las Vegas (Nev.) - C 1R/19L
Bellingham (Wash.) - C 16/34 Mlsdeile (Mong.) - € 11/24
Monroe (La.) - C 4/22
Cedar City (Utah) - C 2/20 Pierre (S. Dak.) - C 13/31
Pease AFB - M 16/34 Al sl
Portland (Maine) ~ C 11/29
1973 RAF Alconbury ~ M 12/30
Rapid City (S. Dak.) - C 14/32
Ramstein AB - M 9/27
Salt Lake City (Utah) - C 16L/34R
Salt Lake City (Utah) - C 16R/34L

Table 18.

U.S. porous asphalt

runway surface construction





