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SUMMARY

The fundamental principlas regarding the design of runway surfaces <o provids
high friction under wet conditions are well known and have been Dut iatod
practice {or some time. In the past a locked wheel trailer has been used ©o
assess the relative friction of runways by making Teasurements at 2 numper

of isoclated pcints on the surface. With the develspment 2f the Czntinucus
Record;pq Punway Frigction Metar (Mu-Metar! and a ruinway self wetting svstaz H

sontasned L the <Iw venicla, 1T has ceen £0OSsizZl2 I CpTain 2 Zermanent
racord sncwiag the Iristicn reading along the antira length of 2 runway.
This 34T Memo Zescribes tie jethcd develcoped =s caryy cSut such tria.
togethar with its associated 3Stancdard Friction Classificaticn Tabla.

Use of the Mu-Meter under natural rain conditions nas demonstrated that
ircraft aquaplaning could sometimes occur in local areas. A method is
described how these areas can be identified and how it is combined with
the self wetting =rial to give a groper friction evaluation of a runway.

The relationship in Mu-Meter readings when using the US Federal Aviation
Administration and UK Ministry of Defence methods of runway friction
classification, have been determined.
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Introduction
1.1 One of the operational problems that was created when aircraft landing
speeds started to increese was the ability to stop within the confines of
the runway, particularly when wet., The most immecdiate outceme was the
introduction of runway grooving (Fig 1) and later the development of the
Porous Friction Course (Fig 2). The grooves which were 3" wide, £" deep
of 1" centres, improved the mecrotexture of the surface and as explained
in Ref 1, increased the friction level a2t high speeds. The Porous
Priction Course consists of a layer of aggregate uctween 1" and 2" thick
which is so graded when it is laid there are interconnecting dreasinage holes.
These holes first allow the water to drain in a2 vertical direction until it
meets the impervious surface on which the PFC is laid, then sideways dowm
the crossfzll. Provided the runway is correctly profiled no water collecis
on the surface.

1.2 A high speed trailer developed by the Transport and R0ad Research

Laboratory was used to measure mmunway friction. This trziler could d

ot
ot

towed at speeds up *o 100 mpn and mezsures friction by locking the te:z
wheel for a short distance and it was established the results 4id bear
sone relation to pilots opinion. The test method was to select seve~al
small areas on the runwey which were wetted by 2 water bowser, uns
w7ere then made at speeds between 20 and 100 mph and runweys compared by
the friction value at 5O mph. Additional water wes applied when the
surface condition was considered to have changed sufficiently to affect
friction.

1.3 Since the test areas were relatively small and the wate- depth a
matter of opinion, the equipment was limited in its accuracy and the

extent of its survey. Yith the development of a Continuous Measuring

Runwey Friction Heter (Ju~Meter) (Ref Z) for use in the Royal Air Force,
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the situation changed considerably since a self-wetting system was also
developed which could be carried in the towing vehicle to cdeposit a standard
muantity of water ahead of each test wheel as well as provide a contimious
record of friction from end-to=end of the runway. It was now possible to
create a more scientific method by which runwey friction could be judged.

The result of trials using several different types of aircraft under differing
runway conditions demonstrated that a relationship could be established
between aircraft stop distance and average Mu-lMeter reading. See Pig 3

and Ref 3 Fig 9. Consequently the lfu=ieter could be used with confidence

to compare runway friction.

1.4 The initial Service recuirement for the fu=Meter was to provide a

daily indication of the runway state under natural rain conditions. ‘hen
these recordings became available it was found that the variations in frietion
along the runway could be very different from those in its self-wetting mode,
see Figs 4, 5, 6 and 7. It was found that these variations were due, almost
entirely, to changes in water depth caused by the slight uneveness of the
mnways .

1.5 Tests with aircraft at the Cranfield Institute of Technology (Ref &)
established the following table which gives the depth of water needed to

cause acuaplaning on different types of runwey surface.

Table 1 = Critical 'ater Depths which will Initiate Acuaplaning

Percentage Velocity is
Surface above Acuaplaning Speed

10% 405
Brushed Concrete «00 04
Scored Concrete 13 06
4+ Grooved Concrete - .18
Lv Grooved Asphalt - o153
liarshal Asphalt - 04
4" Grooved Concrete 023 013
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1.6 Teats in the "critical water depths"” of Table 1 gave Mu-Meter resdings of

between .3 and .4. Some Mu-meter recordings of runweys under natural rain
conditions gave resdings, in some areas, below this figure (see Figs 4, 5,
$ and 7). Although the length of these potential acuaplaning arees was often
short, a succession of such areas could cause the aircraft wheels to spin
down resulting in a dangerous condition where a type of aquaplaning could
contimie down to a very low speed. It was clear that an important pert of
a test to determine the classification of a runway would have to be a check
if such conditions existed.

1.7 The classification had thereifore to consist of 2 separate and distinct
parts. Firstly the general friction level measured at a standa-d speed
under standard wetness conditions where it can be compared with other xmowm
surfaces and be related to a table giving recommended actions. Secondly,
tests under natural rain conditions over the full length and width of runway
where the presence and location of low friction zarens caused by nonding can
e established,

Self-iettine Trials

2.1 The self-wetting system used by the l‘inistry of Defence consists of 2
70 Imperial gallon rigid tank fitted behind the driving seat of a 3 litre
Ford Capri and a 12 volt motor driven pump which can be regulated to deliver
up to a maximum of 50 gallons of water per mimute. The water is discharged
just ahead of each test wheel through brushes in contact with the runway.
The brushes reduce the dispersion of the water when the ecuipment is used

at high speed. See Appendix A Plates A1 and A2. In addition to the trace
recorder in the Mu~Meter itself, the vehicle contains a repeater in the
instrument panel so that the readings can be seen in the driving position
during test runs. '

2.2 After carrying out the standard calibration checks called for in

Ref 2, runs are made down the runway at speeds of 20, 40, 60 and >0 mph
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along a track approximately 5 metres from the centre-line, discharging
water ahead of the test wheels at the rate of 10, 20, 30 and 40 Imperial
gallons per mimuite respectively. The object of changing the water discharpge
rate with speed is to maintain a2 standard water depth under the test wheels,
this depth has been calculated as approximately .015",.

2.3 The shape of the speed/friction curve obtained by plotting the test
data from these runs, shows how much friction drops with speed and is a
factor that must be taken into account in the finzl report. The runway
itself is classified in accordance with the following table using the

average reading at 80 mph obtained from the liu=Meter recorder trace.

Table 2 - Runway Classification Toble = HATO Stanag 3511

Average Hu=Meter Classification Action
Reading at 30 mph Stendard
.6 and above Acceptable None
59 to .4 Marginal Inspect and ractify
as necessary
«39 and velow Unacceptable Jorrective action
recuired

2.4 There will Ye occasions when the average of the end-to—end friction
value will be in the "acceptable™ category, but certain areas may give low
readings due to rubber deposits or other reasons. ‘Where these readings
fall below .39 in the breking ares, rectification action should be taken
if the contaminated area iz long enough to affect stop distance in such a
wey as to constitute a hazard.

2.5 The use of a high speed for this type of work is favoured since it
gives a clearer indication of the relative merits of different surfaces
particularly when they are at approximately the same friction level.
However, tests have shown that provided a correction is made it is possible

though less accurate, to use the same Classification Standard in Table 2 by

running the Yu-Yeter at a lower speed. See Pig, 3. The relationship between the
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Mu-Meter readings using the US Pederal Aviation Administration and UK Ministry
of Defence test speeds and self wetting discharge rates is at Pig. 9.
2.6 A typical report of a high speed friction trial is at Part 1 of
Appendix A. This shows the standard pro forma used for the resulte, how
friction is plotted against speed and the type of photographs takwn to
describe the test surface. To serve as a comparison for test results,
Pig10 is a list of some runways that have been tested and placed in their
friction order together with the WATO Stanag 3011 Clessification Stendard,
Matursl Rein Trials
31 As explained in paras 1.6 and 1.7 this part of the rumwey friction
classification trial is to determine if there are areas where a potentizl
aireraft 2cuzploning risk exists. Where these =reas are present, they are
frecuently coused by undulations in the runway, c«.lowing water to collect.
Tor this trial a fu=i’eter has to be nositioned =zt the airfield ready
for it +o r~~in. 3Because vehicles used on z2irfields canmot be expected to
have the merfsrcnce to oull 2 Ju~ileter 2t 0 mph , 2 speed of 40 mph hac
been uces -3 the stancari for 4hic part of the clzcsification irisl. n
~aize a curvery 57 *he wnole rumrey wiith, the test trac'ss are specified
torether rith their secuence. See iz 11,
3.2 Using the event bulb in the vehicle cab each run is identified as
followma:

2 scueezes at the start threshold

1 cueeze as soon as 40 mph i3 reached

1 scueeze just before decelerating

2 scueezes at the finish threshold.
The Zemote Read-out Unit (if fitted) is operated in the normal manner
is switche! on vhen 40 mph is reached, changing channels at each third of
the minway -nf switching off before decelerating. In addition the following

are observed,




3.2.1 At regular intervals the trace is to be marked with the run

rumber. At this point check to ensure sufficient recording roll

remains to contimie the operation and that the Hu-lMeter is functioning

correctly.

3.2.2 The test wheels are splayed out at all times, even if the

vehicle is temporarily cleared from the runway.

3.2.3 The Wet Test Log at Fig 12 is used to keep 2 record of all

runs.

3.2.4 At the end of the runs a copy of the rainfall trace for the

day (if available) is attached to the Wet Test Log.

3.2.5 To confirm the calibration of the Muwileter, z run is made in

dry conditions as soon as possible after the wet runs at 2 position

2 metras to one side of the centre-line. The result should be

recorded in the vet Test Log.
3.3 Since the traces have all been marked to show the beginning and end
of the runway, an inspection of the trace can show where areas of low
friction occur on the actuzl runway 2long each track. By associating the
readings of one track with another it is possible 4o show how areas of low
friction occur across the runway 2s well as along its length. See Fig 13.
3.4 The following friction table from Stanag 3634 is used to judge the
runway condition.

Table 3 = Extract from NATO Stanag 3634 — Braking Action Table

Mu~Meter Reading Verbal
at 40 mph Description

«5 and above Good

«49 to .35 Hedium

+34 and below Poor

3.5 As shown in para 1.5 a potential acuaplaning condition can exist when
the Mu-lleter reading is below .4 and this figure is now used when indicating

when and vhere the rumray surface is below standard. See Fig 13.

6
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Trials Report

4.1 Appendix A is an example of a final test report whers the results of
both the selfewetting and natural rain trials form Parts ! and 2 of a
combined document. Part 1 contains a standard test proforma for use at
the classification speed of 80 mph whilst at Table 1A is a record of
¥uMeter readings at speeds of 20, 40, 60 and 80 mph which are plotted at
g 7A and in this case shows a small drop off at high speed. Pigs

2A to 6A are typical Mu-Meter traces along different tracks and show an
inherently high friction reading.

4.2 Part 2 of Appendix A describes the test under natural rain conditions
with a typical trace marked with the danger areas. Fig 2B has been
constructed using the method deacribed in paras 3.3 and 3.5 to show the
areas with a potential aquaplaning risk. Another example of a combined

report is at Appendix C of Ref 3.

Discussion

5«1 As the result of trials with a number of aircraft it has been demonstrated

that a relationship can be established between Mu~Meter reading and aircraft
stop distances under wet conditions. This fact gives confidence that the
equipment can be used to conduct a runway friction survey which is
meaningful to aircraft performance. A set of standard conditions and a
Priction Table have therefore been developed so that the measured friction
can be compared with other known runways and a decision made if and what
remedial action to take.

5.2 It has been demonstrated that whilst self-watering trials will measure
the inherent friction they do not always represent the friction under
natural rain conditions. This is partly due to variations in water depth
along the runway which may get worse with time.

5.3 Since aircraft trials have demonstrated that it only requires a water

depth of .04 inches on some surfaces to cause aquaplaning, it can be seen
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that only a small change in runway slope is required to create a low
friction area. It is therefore not surprising that results from runways
under natural rain conditions have introduced an additional and vital
condition which must be considered in the friction classification of runways,
5S¢4 Fortunately tests already conducted with the Mu=Meter in water depths
which had been shown to cause aircraft aquaplaning, demonstrated that a
dangerous condition could exist below a reading of 0.4. This figure is

now used in runway classification work to indicate the areas

where potential aquaplaning conditions exist.

Sonclusion

6.1 Equipment used for this type of work must have been demonstrated as
giving friction readings which can be related to the stop distances of
different types of aircraft. It must also have been tested to determine

the readings at which it will indicate potential aquaplaning conditions exist.
6.2 The friction classification of runways under wet conditions must

consist of two parts., PFirst, a survey from end to end using a self-wetting
system to measure inherent friction. Second, a gseries of runs along defined
tracks under natural rain to provide the data to determine the extent and
position of possible agquaplaning areas.

6.3 This S & T Memo describes a satisfactory method now being used to

conduct a runway friction classification using the Mu-=Meter.

Beferences

(1) R W Sugg = An Investigation into Measuring Runway Surface Texture
by the Grease Patch and Outflow Meter Methods. Ministry of Defence S&T
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RAE WEST FREUGH

Part 1 - High Speed Tests.

INTRODUCTION

Part 1 of this pnote describes a runway friction classifica-
tion carried out on 6th November 1978 at RAE West Freugh by
Cranfield Institute of Technology.

RUNWAY DESCRIPTION

Fig.a1 is a schematic diagram of runway 07/25 which is 6023 ft.
long and 150 ft.wide. The surface is of rolled asphalt with
3~-inch chippings. The surface texture varies along the run-
way, depending on the proportion of these chippings which

appear above the general asphalt surface (see Plate 3). Approx-
imately 500 ft. at each threshold is concrete.

TEST EQUIPMENT

Mu-Meter MLE 374 towed by a Ford Capri incorporating a self-
wetting device capable of depositing approximately .015 inches
of water beneath the Mu-Meter measuring wheels was used for
the tests (Plates 1 and 2).

RESULTS

The results are shown in Table A1, the attached proforma, and

in the traces of the five runs made at 80 mph (Figs.A2-A6)

Two runs (Nos.9 and 10) were made at 40 mph with the water flow
adjusted to give the same depth as at 80 mph. Two short ruas
(Nos.7 and 8) of approximately 1000 ft. each were made at 20 mph
and 60 mph, once again with standard water depth so that, to-
gether with an average of the 80 mph runs and an average of the
40 mph runs, a speed/friction curve could be plotted as shown
in Figure A7. The resultant curve shows a Mu-Meter value which
decreased orly slightly with speed indicating that this surface
has good friction properties over a wide range of speeds.

Rubber deposits at both ends are light.

DISCUSSION

The traces give an average friction reading at 80 mph of .72
which is classified as good. The reading along the runway
edge (Fig.A6 run 6) at .70 shows that trafficking has raised
the adjacent to centreline readings slightly.

CONCLUSIONS

1. With an average Mu-Meter reading of .72 with self-
wetting at 80 mph, this runway is classified as good.
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RAE WEST FREUGH

DETAILS OF MU-METER RUNS ON RUNWAY 07/25.

Speed | Self | Distanmce| , ¥

No Direction mph | Wetting| from G, 07 c l u25
1 25 40 0ff s's | .77 .17 | .77 1
2 07 80 On 10'S « | .67 @ .73 {
3 25 80 On 15'S 72 .71 o ox %
4 07 80 On 10'N « .75 . .77 |
5 25 80 On 15'N 71| .72 0
6 07 80 on  so's | = .70 .70 |
7 25 20 | on . 5N | - | - .7
# | . l
8 25 60 on |  s'N 77! - | -
9 07 40 . on | 20's | .74|.76 | .77 |
10 25 40 On 20'N | .77 ! .79 | .76 |
11 07 40 off 5'S .83 | .825{ .81
le 25 40 0ff 5'S .79 | .79 , 795
4
f TABLE A

* No reading - vehicle accelerating.
Yo7 Friction reading for 1/3rd of runway at O7 end.

Ve Friction reading for 1/3rd of runway central.

Hog Friction reading'for 1/3rd of runway at 25 end.
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QUIAY CLASSIFICATION PROSRAIZE PROFORMA
RAL West Feeucn

Report on test at .......300%00 oo s ess herodroize

SECTION 1

Date of test: b-u-78 Time: 1730 \
Veatner: (oovav Dav Wind: 20ure Direction: 180
Runway direction: O07/i¢ Length: 4023y’ ¥Width: 15O’
Runvway surface description: RNuewaur

Runway surface condition (swept/unswept etc): Syeer

Fuavay rubver deposits (locaticn and approx extent)
Coafirm runway DRY before tests: ./

LiCwut

SECTION 2

Tests conducted by: Cranfield Institute of Techrolosr, Towing vehicle:
Hu-later calibrated on test board before begianing test. Value was:i- 77
Confira self-welting device set at 40 galls per mirnute 2/
Confirn test speed of 30 mph: J/
SICTICN 3% - Triction Measurements (Uet)
liote: Measurezexnts to be made ir both directions along
15 feet

20 feet froz runiiay edge (micdle third coniy).

Lenzth covered by ire

. °
273 M0eee S, o3 &/hol12 r/'.vey.g.?....and en:'.ir;.‘?‘s?..:t fros t/ml:..&-ﬁ..

- - -
Tepes Mow.uethe.. Startirs at.el19.ft fros t/nold r,/-:;'..f'..g...and endir.g..‘?.zx?.ft froz t/held. .8,

[}
Treca Bo... ... Starting nt..‘-..zklf: a2

t/ratd r/c-.y...Q?...md entirg. 2B Nt froc t/nore. =S,

ol
eading, 'Zﬁ X4

irace lc.. ..b. .ee

fron t/hold rfery.. &P...and froz t/nore.. O,

Tre original

e 1
Mu-leter va muct

lues, e attached to this form.

SWCTION 4 Remarks
* Vehicle acoelerating - No reading

26

45' Soutly of centreline 15' North of centreline 2C' from N/2 edg
Punwey | Recipracal Punway | Recigrocal Punosy
.s a - - 5 - - . .o .
EdgP.. | Edg.lo... Fdz 1 | Ecg. &S, .. Hieading
¥
st . R st . R~ I R
third third * Micdle
. thir 70
2ad and
- N
thira! b7 A aizal 7S 11
3ré 3rd
. A . ) .
thira| - 73 1¢ third 77 N
Trage rR S Trace al )

tracez, aanctated to give reasons for any significant varisticns in
b

Tord Canri

racks spaced
each side of centreline zné in cne diraction along 2
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Plate . 2 Selt-wetting system
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RAE WEST FREUGH

Part 2 - Low Sveed Tests

INTRODUCTION

Part 1 of this classification report dealt with the friction
qualities of the West Freugh 07/25 runway under controlled
wetting conditions (constant water depth) at a Mu-Meter
speed of 80 mph. Part 2 considers the friction qualities
under natural rainfall conditions which, unlike Part 1, will
identify any areas of low friction caused by standing water
or ponding. Part 1 measured the friction within 15 £t.(4.5nm)
of the centreline and along one edge, whilst Part 2 covers
measurements over the central 60 ft. (18m) of the runway.

These trials were conducted by airfield personnel in accord-
ance with NATS document 8K/182/115. The Mu-Meter traces were
subsequently analysed by CIT Cranfield.

RESULTS

It must be noted that no record of actual rainfall amounts
was made. Consequently, whilst these results show what
occurred at the time of the trial, thev may only be used as a
guide to potential low friction areas.

Table A2 gives a breakdown of the results averaged over every
third of the runway. t can be seen that in general the
further from the centreline, the lower the Mu-Meter reading.

Fig.A81is a copy of a typical Mu-Meter trace (Run 3, 26 ft.(8m)
from the centreline).

Fig.A9shows a friction contour map of the 07/25 runway ob-
tained by isolating from the Mu-Meter traces the low friction'
areas (below .5 and .4 Mu-Meter reading) detected during each
run. These areas have been transferred on to a scaled diagram
of the runway and then linked by contour lines to show poten-
tial low friction areas.

Two majcr low friction areas are identified.

1. North of centreline extending from 600 ft. to 2000
ft. from the 07 threshold and 30 ft. wide.

2. South of centreline extending from 3200 ft. to 5500
ft. from the O7 threshold 30 ft. wide.

Other smaller areas of low friction can also be seen.

The low friction must be caused by depth of water since Phase
1l bas shown that, under constant water denth, the Mu-Meter
value is reasonably constant.




———.

Run No.| Direction Dti;igi31£;fm M:;feteicaeadizg
1 07 2m S .73 .75 .67
2 25 5m S .66 | .64 .51
3 o7 8m S .56 | .60 .48
4 25 2m N .59 | .61 .68
5 07 5m N .62 | .64 .60
6 25 8m N .57 | .56 .51
Table A2 Details of 40 mph Mu-Meter runs during

moderate continuous rainfall.
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CONCLUSIONS

1.

Part 1 has shown that under controlled wetting con-
ditions, the Mu-Meter readings on runway 07/25 at
West Freugh are good.

Part 2 identifies a number of areas of low Mu-Meter

readings which are probably due to areas of standing
water or ponding.
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