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The performance if the porous friction surfacing (1PFS) on a runway at the U.S. Naval
Air Station. Dallas. "rcas. -vas cluatcd. Runuay friction measurements with a mu-ncter.
fichl pcrt-icability micasurcments. visual condition surveys. corings of the pavcnccnt for
dc tcrmination of asphalt hinder propcrtie,. and -n investigation of aircraft accidents
attributed to hydroplaning were accomplished. The results of these invcstigations show that
the porous friction surface is providing (1) a highly skid-rcsistant surfacc for high-specd jct
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INTRODUCTION

The first use of a porous friction surfacing (PFS) on a military
runway in North America was at the U.S. Naval Air Station (NAS), Dallas,
Texas, where PFS was laid down over a portion of Runway 17-35 in Septeriber
1971. This installation provided a unique opportunity to zonitor the
performance of PFS under high-tire-pressure, high-load, jet aircraft
traffic. The Civil Engineering Laboratory (CEL) was tasked by the Naval
Facilities Engineering Co.and to begin a 2-year monitoring program in
July 1974.

The performance of the porous friction surface at NAS Dallas was

monitored through these techniques:
(1) Measuring runway friction with a Mu-Meter friction--easuring

device I
(2) Making field permeability tests with a CEL-developed falling

head permeameter
(3) Visually surveying the condition of the PFS using the statistic-

ally based procedure developed by CEL
(4) Coring the pavement and determining asphalt binder propertiesand PFS density
(5)hyrplnnInvestigating any aircraft accidents attributed to skidding or

The hydroplaning
The initial plans called for four visits to the station at 6-month inter-
vals beginning in August 1974. The first and third visits were to consist
or skid testing, permeability testing, coring of the pavement, and visual A
condition survey. The second and fourth visits were to conduct visual
.,ndition surveys only.

STATION BACKGROUND

Naval Air Station, Dallas is located midway between Fort Worth and
Dallas near the town of Grand Prairie, Texas. The primary mission of the
gtation is to support Naval and Marine Air Reserve training and to pro-
. !de a base for a unit of the Texas Air National Guard. The station also
provides airfield facilities for the Ling-Temco-Vought Corporation plant

located on the west side of the station. An aerial photograph of the
station is shown in Figure 1.
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The prima-.. aircraft using the station since construction of the PFS
rurrjav have been FS, F4-, A7, and KC-97. 2X-ost other aircraft in the

niiiarvinventory have used NAS Dallas on a transient basis. Lead and
tire pressure data for the primary aircraft are given :n Table 1.

Flight operat ions at NiAS Dallas have averaged approximately 9.000
per =onth during the period 1971 to 1976. Almost all aircraft operations
were on Runway 17-35, with occasional light aircraft and helicopters
using Runway 13-31.

su~arv cf climatological data over a 21-year period is given in9

FIELD VISITS

'AS Dallas was first visited by the CEL team on 26 to 28 August
197'~. During this visit, runway friction unasurenents Were made With a
%u-Meter frictiamn-=easuring device loaned to CEL by the Federal Aviation
?dninistration (FAUA), Southwest Region. Per~eabilfty tests, a visual
co.ndirion survey, and 2rrangezents for paveent coring also were con-
pleted duaring this visit.

'luring t-he second v.isit. 6 to 8 January 195 uwy-ito es

ureacrts with the FAA !iu-Meter and a visual condition survey were accom-
plishee. Pavenent cores, which had been cut after the first visit, were
taken to CE. for laboratory testing.

During the third visit, 18 to 19 November 1975, runway friction
-measurements, nernmeability tests. a visual condition survey, and arrange- :~
ments for pavement coring were madec.

The fourth and final visit was made on 29 June 1976, when a visual
ccr;:tion survey and perneabilitv tests were made. Runway friction
measurecents were not made as the FAA Mu-Meter was not available.

FIEL. -.%ST PROCEDURESA

ivwa Friction Measu:renents

lz-~ skid resistance/hydroplaning characteristics of the PFS were
evahi-w-ted -v.-th a Nu-MXeter friction-neasuring device (Figure 2). The 2-
U-Iiet-r is a snail Lrailer, designed and manufactured by H. L. A-viation

N'-iilenhead, ZThgiand. It measures the side-force friction coefficient
grnerated bet,;een the -.avernent surface and the pneu=natic tires on the
".o wheels that are set at a fixed toe-out (yaw angle) to the line of
travel. The Mu-Meter is a continuous recording device that graphicailly
re~.-s the coefficient of friction, mti*, versus tne distance traveled
;m0on. -the pavement.

illie symhol mu or .j designates the coefficient of friction, which is a
conv.*ant used to represent the ratio of frictional force to force normal 1;
to the pavement stirface.
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Water was applied to each test section with a water truck provided
by the station. The water truck was calibrated to apply 0.1 inch of
water on the skid test strip with each pass.

Test sections were selected to determine the effect of aircraft -

traffic on the perfornance of the PFS. Two sections, designated traffic
and nontraffic areas, are shown in Figure 3- The previously calibrated
water truck made two passes over each test strip. Xu-Meter runs at 40
=iles per hour, which is 1.2 times the theoretical hydroplaning speed for
this vehicle, were initiated i-ediately after co=pietion of the second
water truck pass. The runs were made in alternate directions at conven-
ient time intervals until a dry pavement condition was reached or 30
minutes had elapsed. All water truck and .u-Meter operations were meas-
ured to the nearest second with a stopwatch.

Permeability Tests

The device and technique used for the permeability tests were de-
signed by To=ita and are described in Reference 2 as folows: 1W

"The drainage meter for the falling-head permeability measurements
was devised to be simple field test equipment. A piece of hard rubber
1/& inch by 1/4 inch was cemented to the bottom fa,e of a 4 -inch-dia=eter
Lucite tube. A bead of polyethylene film sealer was placed on the bottom
face of the rubber. During field use, an arrangement of clamps and a
wooden platform on the outside of the tube supported weights that forced
the lower edge of the tube into watertight contact with the pave~ent.
Four 10-pound weights were placed on the piatforn, and the tube was fill-
ed wirh water. A stopwatch was started when the water level was at 42
inches above the pavement surface, and time durations for the water level
to drop to 30-inch, 18-inch, and 6-inch levels were recorded. The four
water levels above the pavement surface were marked on the Lucite tube.

The coefficient of permeability, k, under falling head may be deter-
mined by:

a L ( Zhok = A2.3 t g 1 0 n()

where

a = area of the Lucite tube

A= -area of "hc friction course to'b wiCh water asses
L = length of the path water goes through
t = tire
h = initial head or level of waterh 0 = final h~ead of water

All terms in Equation I are easily measured or can be calculated for per-

meability test of iaboratory-size specimens. However, for the drainage
meter .-esting on a surface having infinite area, such as the friction
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course layer, the term L is difficult to determine. The water must travel
some unknowrun path down into the friction course beneath the tube and then
out of the friction course beyond the periphery of the rubber footing and
sealer. Fro= observations of the experiments it appeared that most of
the water flowed upward from the friction course in a spring-like manner
after passing through the friction course beneath the rubber footing.
The spring-like flow in plan view was in the shape of a ring 1 to 1 1/2
inches wide surrounding the tube.

Using a = 12-069 square inches, A = 9.823 square inches, average
values of tire, and an approximated value of L = 1.416 inches, the k
values were determined bY Equation I for various co~binations of h
and h 0

Visual Condition Survey

The procedure used to make the visual survey of the PFS was the
statistically based technique developed by CEL in 1968. Pavement defects
are measured that pernit the establishment of condition numbers (weighted
defert densities). These numbers, which are direct indicators of the
pave=ent condition, can be compared after each survey to determine quan- 4
titative changes in pavement defects.

TEST RF.S LTS

Friction Measurements

.ne pavement skid resistance results are reported in ters of coef-
ficiert -f friction;, u (mu), as measured by the Mu-Meter. The actual
friti.tn coefficient versus distance traces recorded during the first
test run are shown in Figures 4 through 6. The traces show the variation N
of friction coefficient within each test section. Appendix B contains
a': -est results for each Mu-Meter run made by CEL at NAS, Dallas.

,ares 7 t:,rough 10 show changes in surface friction versus time
ter detting for each pavement section tested. Figure 7 is plotted from

dat. in Reference 1. These graphs demonstrate the natural drainage char-

acteris: ics of tbt runway surface. The slopes of these curves show that
tt. friction coef.icient of the portis friction surface is not affected

-. , after application ai water. Tni-, indicates the PFS is funetion-
:;" .- desi;ned and is rapidly draining water from the pavement surface.
' -omparison, a typical plot of friction coefficient versus time after
.-t-ni for a conventional asphaltic concrete pavement is shown in Fig-
ure A.

iriction coefficients at 3 minutes after water application obtained
in -it tests conducted* since 1971 were above 0.50. This coefficient is

*The Air Force Weapons laboratory (AFVL) and CEL have conducted tests.

is
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considcred satisfactory, and no hydroplaning problems are expected. In
addition, little variation of friction coefficient is noted within each
test section. This desirable characteristic insures even braking by
aircraft using the surface. Friction coefficients obtained in the traf-
fic area were consistently lower than the nontraffic area. This differ-
ence is attributed to differences in pavement drainage due to construction
variables. The difference in drainage is also evident in the permeability
tests.

Pavement Cores

The results of laboratory tests on cores obtained in November 1974
and Nove=ber 1975 are shown in Table 2. Table 2 also inc!udes the results
of tests on cores obtained in 1973 and reported on in Reference 2.

The penetration of the residual asphalt has been consisten:ly low
since the 1973 series of tests with the exception of the nontraffic area
sample in 1973. it is assured that this sample was contaminated in the
extraction and distillation process, and the results are erroneous. The
penetrations reached are typical of aging asphalts and have probably
stabilized at their present levels.

Variations in bulk specific gravity are erratic, and no conclusive
trend is discernible. The traffic area averages appear to show a densi-
fication. However, an analysis of variance between the samples indicates I
that the observed differences in sample specific gravities are due to
sampling fluctuations and are not significant.

Permeability Tests]

The results of the permeability tests using the previously described
procedure are given in Table 3. Considerable variation was noted in tests
performed within each area, and no definite trend developed. A marked
difference in permeability between traffic ane nontraffic areas has existed
from the first tests in 1972. This difference is attributed to construc-
tion variations between individual paving lanes and possibly to some
testing variables. Lower friction coefficients in the traffic area are
believed to result from lower permeability in this area.

Visual Condition Survey

The results of the visual condition surveys by CEL and Southern
Division, NAVFAC [3] arc given in Tables 4 through 6. The total weightedi= defect density has increased from 0.10A (O.OOA being no visible defects)
in March 1972 to 0.22A in August 1974. No appreciable change was noted
in January 1975 or June 1976. Based upon subjective visual examination,

the condition of the PFS is excellent.
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Acidents Attributed to Skidding

One aircraft accident has been attributed to skidding or hydroplaning
since the porous friction surface was placed. An F8-11 Crusader landed on
23 April 1973 and attempted to brake on a wet runway. The pilot reported
no braking effect and, after blowit.g both tires, overran the runway. No
injuries or aircraft damage resulted from the incident. NAS Dallas opera-
tions personnel reviewed their records and determined that the duty run-
way on 23 April 1973 was Runway 35. This means that the aircr.ft, totched
down on the porous fricLion surface heading north and probably did
begin braking until it was on the old slurry-sealed surface. This -. an
of runway had an average friction coefficient of 0.16 (wet) in 1971 M
Friction coefficients of less than 0.40 establish a high potential for
most aircraft to hydroplane; therefore, the low coefficient on the slurry
seal probably started the FS-H hydroplaning.

Additional Observations

During most of the skid testing operations, water placed for skid
testing purposes was observed running along the pavement surface rather
than entering the PFS pores (Figure 12). This apparent lack of drainage
did not reduce the friction coefficients to an unacceptable level. It is
felt that tires rolling over this water develop sufficient pressure to
fore the water into the PFS pores and remove it from the surface. 4E

Raveling of the PFS, which has been reported by others [3, 41, was
Observed by the CEI. investigators. Most of the raveling apparently
,i-tirred during the first year after construction. Since that time only
sl.gnt raveling along reflection cracks (Figure 13) and jet blast areas
has been noted.

A fuel spill required patching of an area approximately 10 feet by
3v feet (Figure 14). Although the same mix used in paving the PFS was
used Lor the patch, a very poor patching job resulted. The patch has
raveled down to the underlying asphaltic concrete in several areas.

1perations personnel at XAS Dallas have reported occasional incidents
o *w wn aircraft tires when pilots have braked too hard on the PFS. This
probleim general]% occurred only with pilots who were not familiar with 7
Lhe tIFS and the runway configuration at NAS Dallas. It is theorized that

tht ,,lots may have overreacted when approaching the lake at the south
v- d of Runway 17-35 and locked their brakes on the PFS. Even in a wet
condition the PFS has a high coefficient of friction, and the unsuspect-
ing pilots' reactions may have been too slow to prevent a blowout.

O )NCI'_I" ! ONS AND RECOKMNNDAT IONS

Based on the result,; of this stud% it can be concluded that the por-
(ous fr:-tion surface at NAS Dallas is providing:

(1) a highly skid-resistant surface for high-tire-pressure jet
aircraft operations

61
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(2) an excellent surface with few visible defects
(3) a minimum service life of 5 years with a potentially much

longer life
It is recommended that pilots be informed of the very high frictional
resistance of PFS and therefore, to expect excellent braking response.
Additional investigation is needed to find better ways of patching PFS.
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Table 1. Primary Aircraft Using NAS Dallas

Maximum Gross W~eight Tire Pressure of
Aircaftof Aircraft Main Landing Gear

Typ'e (lb) (psi)

A-7 42,00026

F-4 54,600 250 to 400

F-8 29,500 300

KC-97 150,000 165

11-53 30,000 90

18
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Table 3. Permeability Tests of Porous Friction

Surface at NAS Dallas

Coefficient of Permeability

Date of Test (in./hr) for -

Traffic Area Nontraffic Area

June 1972 268.0 482.0

August 1974 222.0 597.0

November 1975 122.9 511.4

June 1976 213.5 434.7
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Table 4.

ASPHALTIC CONCRETE DISCRETE AREA DEFECT SUMMARY

Airfield NAS Dallas Facility Runway 17-35

Discrete Area Porous Friction Surfro Area of Discrete Area (a) R ,40f) ft2

No of Sample Areas (b) 14 Ratio: (a/2500b) 8.81

Total Length WeightedLength or Area oDefect Density DefectOefeact Type of Sampled or Area of Dctec fI01ftV) Defity Defect

D e e t T p f S m l dA ll D efects- (p er 10 tq ft -1 S eve ity i . e tyDefects Acl Rati10 dla Weight x "fy(c) x Ratio (0) x If)

(c) (d) le) (ff (I)

T.C., L.C. or LCJ 267 ft 0.0009 3,5 6.03

Reflection Crack

Faulting

Patching 323 ft ~  0.0io 4,. 0-.0
Settlement or
Deprenion

Pattern Cracking

Rutting

Raelng 42 ft 0.001 I 7.0 0.01

Erosion-Jet Blast 51 ft2  0.002 7.5 0.02

oI Soillae 11 ft2  0.0004 1.5

Brok eni-up Area

Total O.10A

Remarks on Pavement Condition

Data Source: Reference 3.

Transverse crack, longitudinal crack or longitudinal construction joint crack.
Letter suf ix "'A'" indicate: asphaltic pavement.
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Table 5

ASPHALTIC CONCRETE DISCRETE AREA DEFECT SUMMARY

Airfield _NAS Dallas Facility Ruinway 17-15

Discrete Area Porous Friction Surface Area of Discrete Are, (,) 308,400 f12  1

No- of Sample Areas (b) 14 Ratio- Wa2500b) 8.81 t:I

Date Surveyed -28 Auzgust 1974 ___________

TotalLeghWgtdLength or Area ~ Defh Oect Densi*ty Def ector Area of IDefect
Defct Type of sple All Defeacts (pr1 3f I Sever sty Drsv

D e fe c ts Wc x R e nio 1 d ~ aW i h 0

(d Id) W I f 10

L.Cor LCJ 19 ft 16 f009nnI

______-_ 06 ft I1814 ft 170.059 12.0 0.118 .
Faulting I______ ___

I 2121
Patcing42S ft .1 4.0 0.056

Se-tle.-ent or W I

L c r; n g _ _ _ _ _ _ _ _ _ 
A ._ _ _ _ _ _

ft 70___ ft 3_____ .002 7.0 0.014
_ _ _ _ _ 70ar 2 0 ' _

I~~5 fti e:8a Iiii 0.002 7.5 0.015

I8roen-D Area ____

Total J_.2

Remarks nn Pevm.!n: r -dion0.2

-tie reflection cracks run transversely across the run=van r
.a .: iaLeIy 1/8 Lo 114 in wide. Slight rav.Iing was 11ted'aan:g

lo. ,nqe' f'rndi.... nr Inlon %mi - -invi lon, on cirIrl.

..................L i* nlI.t .'1lItctd~lr
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Table 6.

ASPHALTIC CONCRETE DISCRETE AREA DEFECT SUMMARY

Airfield NAS Dallas Facility Riinway 17-35

Discrete Area Porous Friction Surface AreaofDiscreteArea (a) 308,400 ft2

No. of Sample Areas (b) 14 Ratio. (a/2500b) 8.81
Date Surveyed - 29 June 1976

Length or Area Total Length Weighted
Lenghoo ra Area of Defect Density Defect Defect

Defect Type of Sampled All Defects- (per 10 sl It Severity Density:
ct (c) x Ratio 10 da Weight ()

(c) (d) (e) (f) (g)

T.C..L.C orLCJ 24 ft 211 ft 0.007 3.5 0.024 $

ReflecionCrack 210 ft 1850 ft 0.060 2.0 0.120

Faulting

2SPatching 428 ft 2  0.014 4.0 0.056

Settlement or
Depression
Pattern Cracking

Rutting

Raveling 25 ft 220 ft 2  0,007 7. 0 000.5
51 ft2  0.002 7.5 0.012

Oil Spillage

Broken.up Area

Total 0.26A

Remaks on Paverent Condition

The pavement condition is virtually unchanged since the visual
survey performed in August 1974.

ran ,.ri rack. lonqlihilinal crack or longitudinal construction joint crack.

Lettr sulfix A'" indlicates asphaltic pavement
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CLIMATOLOGICAL DATA FOR tJSNAS DALLAS 9
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Table A-I. Mean Data

Temperature Means (OF) Precipitation Wtnd_ )Means (in.)
Month -

Daily Daily Rain Snow and Mean Prevailing
Maximum Minimum Sleet Spee(kt) Direction

January 56.0 35.6 46.0 1.72 1.5 9.8 S P
February 60.2 39.5 50.1 2.10 0.8 10.1 S
March 67.4 45.9 56.9 2.02 0.1 11.1 S
April 76.5 56.2 66.6 5.00 T 11.2 S
May 84.0 64.8 74.6 4.61 T 10.2 S
June 92.0 72.7 82.6 3.00 0.0 10.1 S
July 96.3 76.6 86.7 1.84 0.0 9.1 S
August 96.8 75.6 86.4 1.73 0.0 8.4 S
September 89.2 68.4 79.1 2.88 0.0 7.9 S
October 79.4 57.5 68.7 2.74 0.0 8.1 S
November 67.0 45.8 56.7 2.41 T 8.8 S
December 57.6 38.1 48.1 1.80 0.1 8.9 S 41
Annual 76.9 56.4 66.9 31.85 2.5 9.5 S
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Table A-2. Extreme Data

Temperature (PF) recipitation (in.)

Rain Snow and Sleet

Month Record Record
Highest Lowest Maximum Minimum Ma24mmMaximum Ma24

Monthly Monthly ours Monthly Hours

January 85 7 4.02 0.13 2.18 10.4 10.0

February 88 9 5.40 0.09 2.72 3.9 3.2

1arch 96 19 4.82 0.20 2.00 1.8 1.8

April 100 32 13.88 1.76 4.66 T T

May 100 39 12.48 0.99 5.94 0.0 0.0

.June 105 54 8.19 0.02 3.09 0.0 0.0

iluly 11 63 4.97 0.28 3.49 0.0 0.0

August 109 62 5.77 0.02 2.48 0.0 0.0

September 105 46 5.53 T 3.78 0.0 0.0

October 98 31 8.63 0.04 4.22 0.0 0.0

November 88 18 9.65 0.27 2.43 0.1 0.1

December 84 11 5.44 0.09 1.82 1.5 1.5
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Appendix B

MU-METER TEST RESULTS FOR POROUS FRICTION SURFACE AT NAS DALLAS

Average Time Coefficient of
Test Run After Friction, W

Location No. Wetting

(min) Average Maximum Minimum

27 August 1974 Traffic area 1 1.26 0.55 0.60 0.49

2 2.43 0.54 0.56 0.53
3 3.38 0.53 0.58 0.45
4a ....-

5 10.52 0.52 0.55 0.50
6 15.42 0.53 0.55 0.51
7 24.02 0.53 0.59 0.50

8 37.13 0.53 0.57 0.52

lNontraffic area 1 1.60 0.65 0.66 0.64
2 2.68 0.63 0.64 0.62
3 3.68 0.63 0.66 0.63
4 4.90 0.63 0.64 0.62

5 10.47 0.65 0.66 0.64
6 15.05 0.62 0.64 0.62

7 19.55 0.65 0.67 0.64

6 January 1975lTraffic area 1 1.36 0.60 0.68 0.49

2 2.51 0.64 0.66 0.57
1 3 4.15 0.61 0.66 0.59

4 4.85 0.66 0.68 0.56

5 7.80 0.62 0.65 0.55
6 9.91 0.65 0.68 0.64
7 12.64 0.64 0.67 0.63

8 17.34 0.61 0.62 0.58

Nontraffic area 1 1.77 0.80 0.81 0.78
2 3.26 0.81 0.83 0.76
3 5.34 0.82 0.82 0.80
4 7.31 0.81 0.83 0.77

5 9.52 0.80 0.82 0.78 gi

6 14.1.7 0.79 0.80 0.76
7 20.01 0.78 0.81 0.77

aN record, continued

27

-4 . .



Append ix B. Cont i nued

Average Time Coefficient of
Test Run After Friction, pi

atLocation No. Wetting
(min) Average Maximum Minimum

11 November 1975 Traffic area 1 [.47 0.66 0.75 0.60
2 2.87 0.67 0.69 0.65

3 4.39 0.67 0.69 0.55
4 11.44 0.67 0.69 0.63
5 13.22 0.67 0.68 0.62
6 19.04 0.64 0.69 0.62

Nontraffic 1 1.02 0.81 0.82 0.74
area 2 3.37 0.77 0.79 0.71

3 4.76 0.78 0.79 0.74

4 6.19 0.78 0.80 0.74

N
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