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A measurement of ‘surf a  e texture’ is ~used by some organisations as a means
of specifying runway friction for stop distance calculations and certification
purposes in spite of the conclusion by the I~merican Society for Testing and
Materials that it should be discontinued. This investigation confirms the
ASTM conclusions by demonstrating the poor relationship between ‘surface
texture ’ and aircraft stop distance also between it and friction measured
by two ground vehicles. A method of using ‘surface texture ’ to predict
friction of ground vehicles at high speed has been studied and the conclusion
is reached that within the limits found on runways it has only a very small
effect on the prediction. The investigation recommends that where high speed
prediction is necessary a more accurate method is to use equations based on
test data . The difficulty in arriving at a single figure for ‘surface texture’
is demonstrated by showing the variation that can occur along a runway and the
large difference in readings between operators.
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1. Introduction

1.1 A large proportion of the effort in developing skid resistant runway

sur facea throughout the world has been concentrated on maintaining wet

friction as wet values are lower than those obtained in the dry. Under

wet conditions th. objective is to obta in rapid dispersal of water in the

tyr./runway contac t region and the less tine the tyre remains in contac t

with any particular point and/or the smaller the dra inage channels

available to carry the water away, the lower the friction. Vet surface

friction is therefore speed dependent , consequentl y any conclusion on

speed effects drawn from a friction measurement made at one speed should

be treated with reservat ion unless some other factor is taken into

consideration.

1.2 Scme organi sationa have suggested that what is loosely called

‘surfac e texture ’ can be used as this ‘other factor ’. For example Ref I

claims it is possible to develop mathematic al equations which use friction

readings at low speed end ‘surface texture’ as measured by a device

develope d by the authors, to predict friction read ings at high speed .

Ref 2 claims a relationsh ip between ‘surface texture ’ and aircraft

speed/friction curves and divides the ‘surfac e texture ’ reading into five

bands, each of which is associated with a specific curve. The Civil

Aviation Authority wishes to use ‘surface texture ’ as one of the factors

to be used in specifying a runway surface suita ble for stop distance

c•rtification purposes. Ref 3.

1.3 A Synopsium held by the Amerc ian Society for Testing and Materials
• in June 197k on “Surface Texture versus Skidding ” (Re f k) included papers

on the “Study of the Sand Patch and Outflow Meter Methods of Pavemen t

Surface Texture Measurement ” by H H Doty and “Pavement Texture Measurement

and Evaluation” by J J Hen ry and R H Hegmon. The conclusions, which were

eupported by industry in the subsequent debate , regarding the usefulness

I
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‘surface texture ’ by these methods were unanimous and can be

su arised as follows:—

(a) The Sand Patch method showed poor repeatability .

(b) Although there was a general trend towards higher frict ion

with increased texture depths as measured by the Sand Patch and

Outflow Meter methods, neither was definitive enough to be used

as a means of determining the friction properties of pavement

surfaces and should be U promptly discontinued.

(C) Neither method will provide a usab le means of predicting 
U

the slope of the speed/friction curve.

1.11 In spite of the overwhelming evidence in these papers to support

the conclusions, para 1.2 shows that ‘surface texture ’ is still being used
in aircraft performance calculations and test specifications. This paper

presents trials - data which indicates:..

(a) The Ref Li conclusions at para 1.3(b) and 1.3(c) are applicable

to runways.
• (b) There is only a poor relationship between aircraft atop

distanc e and ‘surface texture ’.

(c) A change in ‘surface texture ’ has only a small effect on friction

as measured by two runway friction measuring devices.

2. ‘Surface Texture’ Measuring Methods

2.1 It is well known that the relationship between ‘surface texture’ and
friction depends en two separate factors namely microtextur. and

macrotexture, both of which have their individual and character istic

influences. Microtexture is concerned with the sharpness of the fine
U grain particles and determines the friction characteristics at low speed

whilst maorotextuz’e is a measure of the drainage capability of the surface
and consequently affects the high speed characteristic. However they- are

dependen t on each other and as only macrotexture can be measured by the two

2 .



methods considered by the ASTM Synopsium in this study , the conclusions

are not perhaps surprising. The words ‘sur face texture ’ are therefore

a misnomer and in this paper refers to macrotexture only.

2.2 Land, or Grease Patch Method This method uses a known volume of

sand or grease which is spread evenly over a email area of runway (about one

square foot) and levelled with the tips of the asperities. The area of

the patch is measured and the surface texture - depth obtained by dividing

the volume of material by the area covered. Ref I states this method has

poor repeatability and that since the measurement includes unconnected

voids in the surface which play no part in dissipating water between tyre

and runway, the authors consider there is no justification in its use as

an indicator of friction at high speed. Apart from this the degree of

packing of the material into the surface can introduce errors .

2.3 Outflow Meter Method — This method 1. aimed at s~.mulating the ease
• with which water can escape frog under a rolling tyre. Ref I states that

a measure of this characteristic can be obta ined by pressing a rubber

ring against the surface and measuring th. rate of flow of water from a
U superimposed reservoir throug h channels in the pavement sur face. The

U 

- Outflow Mete r used for part of this trial, was borrowed from the University

U U of Btrm 4iig~-... A diagram of the app aratus is of Pig 1, it consists of a

cylinder with an opening at .ach end and an elliptical rubber plate on the

bottom similar to an aircraft tyre to ground contact area. The equipment

i. placed on the surfa ce to be tested and the elliptical face pressed into

the texture by it. weight. A bole in the bottom is closed by a bang and

the cyllnd.r filled with water, the bung is then removed and the time is

taken for the water to fall between two marks on the side of the cylinde r.

This is known as the Water Discharge Time.

1 U
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3. Relationahin between aircraft ston distance and ‘Surface Texture’

3.1 The I&S*/US*P report at Ref 5 contains the only aircraft fri~tja~
U trial results where sufficient data is available of a quality and quantity

that can be used to compare stop distance with ‘surface texture’ • The air—
craft was a C141 landed on each occaaion by the same pilot who applied

maximom braking over the test ar ea which had been wetted by water bowser..
Over 20 different runways were tested and stop distanoes determined from a
100 knot ‘brakes on~ speed in zero wind with the aircraft in the same
oonfigurstion and, weight .

U 3.2 Water depths were measured at 5 positions along the test strip both

before and after the aircraft landed so that the average depth during the

aircraft run could be established. ‘Surfac. texture’ was measured in more
than one position by the same person “sing the grease patch method. Bv sry
effort bad therefore been made to .i iii .tis• scatter in the result. due to
operator and experimental technique and at the same time to have sufficient
data to allow for a proper analysis.

3.3 Th. trials data is plotted in Pig 2 where it can be seen that the

influence of ‘surface texture’ was so small that stop distances of between 
U

1400 ft and 3000 ft were recorded at the same measured value. Although U
there epp.ars to be a geusral trend towards higher friction with increased

‘surface texture’ depth, the Cor~.lation Coefficient has been oalculated as

.39 which shows the relationship to be so ‘poor’ as to be almost non—existent.
4. Relationahin between the Diagonal Braked Vehicle Ilu-leter and ‘Surface

Texture’

4.1 The Diagonal Braked Vehicle and lu-lat er are US and UK fri otion

measuring equipments respectively developed specially for use on runway. and
U are described in Refs 5 and 6. They have been used to measur. the friction

oharacteristios of a large number of runway surfaces • Because aircraft
trials have indicated a broad relationship between stop distances 

andL



friction as measured by the two equipments, a study has also been made to

decid, if a change in ‘surfac, texture’ affects their friction readings.

If it does not , then it reinforce, the view in pars 3.2 that friction and

‘surface texture’ are not closely r.lated.

4.2 Th. method of using the Diagonal Braked Vehicle is to measure the d.istance

it travels after looking diagonal fron t and rear wheels. When the wet stop

distance is divided by the dry stop distance it becomes what is known a. the

‘Stop Distance Ratio’ (SDR). Pig 3 plots the reciprocal. of the 5DB against

‘surface texture’ measured by the grease method during trials by the USAP

and 1*5k. The best fit straight line has been calculated, by the least 
U

squares method from which the same conclusion can be drawn as for the air-

craft in pars 3, i~ , that although there appears to be a small trend towards

higher friction with increased ‘surface texture’, the scatter is so large

that the lack of confidence in th, relationship makes it virtually ““usable.

4.3 The lu-later is the standard equipment used in the UI to determine the

friction properties of runway s • This has involved measuring friction at

speeds between 20 and 80 mph whilst discharging a known volum, of water

i ediateiy ahead of th. two measuring wheels. This provides a standard

degree of wetness against which all surfaces are compared. £ number of run—
- ways have been tested by this standard method and because ‘surface texture’ .

measurements and associated friction data were difficul t to reconcile with

the C143. except in very general ised trends (pars 3), it was decided to
- gather (Ref 7) ‘sur face texture ’ data during these friction trials for a later

U study.

4.4 ‘Surface texture’ was measured, wherever possible, by both methods

described in pars. 2.2 and 2.3, the results are in fig. 4 and 5. The grease

patch method was not used on porous or grooved surfaces since in practis. it

was found difficult t. fill the grooves in a consistent manner and the

porous surface (beo.ua. of its nature) , would absorb as such grease into it.

5

~ t
I~

U ~~~~~jllI



U - ~~~~~~~
--

~~
-- r

~~~. .. ~~~~~~~~~ U U• ~~~~~~~~~~~~~~~~~~~~ .‘~,. ~~~~~ -

U pore. as the operator wished to apply. Whenever the Outflow Meter was

available , both method s were used ‘side by side ’. Where more than one

measurement was made, the range is shown and in view of th. claim of a

U relationship between ‘surface texture’ and five friction ‘bands’ in Ref 2,
these ‘bend s’ have been included in the Vigor,, for ease of reference.

U 4.5 Th. average ‘surface texture’ values from Pigs 4 and 5 have been

U 
pl~~~ed in Pigs 6 and 7 agutin,t la-aeter readings of 40 and. 80 mph and the
best fit straight lines determined. The indication s az’e that as with the
C14l and Diagonal Braked Vehicle there is a general trend towards higher
friction with increased ‘surface texture’ but the scatter is so large that

it is not definitive enough to be used as a means of defining the friction

properties of runways.

5. ‘Surface texture’ measurement, and their influence on friction/speed
relationships on wet runway surfaces

Ui 5.1 As explained in par s 2.1, ‘surface texture’ measured by the two methods

being considered affect friction characteristics of high speed on1y~ whilst
mioroterture only influences the absolute level. If a method could be

devised where a low speed friction measurement to define the microtextur e, U

could be associated wi th ‘surface texture’ it might be possible to predict
high speed friction reading, from low speed. If this could. be shown to be

U more accurate than mathematioal prediction for the lu-Meter based on trends

U established during actual trials, there would be some reason for measuring

U 5.2 Ref 1 describes trials by Bir.{igh*~ University to develop a method of
predict ing the ehape of the friction/speed curve using the Outflow Meter.

It shows that when need in conjunction with looked wheel friction values

from a vehiole at low speed , the sethod would predict , with ‘reasonable
accura cy’, values at higher speeds . It is this method which is studied

to decide if it will provide a more accurate method of predicti ng L-~eter

4 6 -
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friction reading. at high speed from readings of 40 mph, than a mathematical

method based on previous trials.

5.3 Applying the prediction equation in Ref 1 to the case of the Mn—Meter

U it becomes

log,J4. v - lo~)A ~ 
+ (4o—~ x C. 1.

where

- lu-Meter reading at V mph

/4 40 lb-Meter readi ng at 40 mph

C - Parameter depending on ‘surface texture’.

3.4 The procedure is to determine the values of C by inserti ng known

VulVSB of/IA 
v’ 1~4o and V into equation 1. By plotting C against Outflow

Meter time in seconds and determining the beat fit straight line it is

possible to replace C in equation 1 by Outflow Meter time. The derived

equations are shown against ‘prediction methods’ 2k and 23 in Table 1.

5.5 Because it is more ooemouly used, the Ref 1 prediction method was also
U applied to grease patch ‘surface texture’ measurements, which meant deriving

a relationship between it and Outflow Meter time. The data used to produce

Pig. 4 and 5 was supplemented by extra measurements, particularly on fine

textured surfaces , to extend the range of comparison. Measurements by the

two methods were made within 1 foo t of each other and are plotted in Pig 8

which shows considerabl e scatter and that the relationship only approaches a

straig ht line when plotted on a log log basis. Using this relationship,

equations have been derived as shown against ‘prediction methods’ 3k and

33 in Table 1.

5.6 During a large number of runway trials, wet lu-Meter readings have been

obtained from two different methods of watering namely (a) spray bars

mounted on and to th. side of the test surface, or by water homier., and

7
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(b) by ‘self wetting’ where the lb-Meter towing vehicle carries a quantity

of water which it discharges ahead of each t.,t wheel. Because the Mu-Meter

r,aM~~e differ under these two conditions they have been studied. separately.

U Pbr the ~ i.rposee of this paper the first two methods have been consolidated.

under the nane- ‘Bowser wetting~.

5.7 Pig 9 shows the relation ship between Mu -Meter re~d.ings at 40 mph and. speed8

up to - 110 mph for ‘bowser wetting’ conditions derived from trials data . The

best fit straight line equations are shown and. listed under ‘prediction method.’

5 in Table 1.

5.8 Pig 10 shove a similar relationship under ‘self wetting’ conditions for

speeds up to 80 mph, the best fit straight line ar~~gtven and. 3.isted - -

ander ‘prediction method’ f in Table 1.

5.9 ‘Prediction method’ 4 in Table 1 for ‘self wetting’ conditions has been

introduced as a comparison with methods 2 and 3 as it is the same as the

other two but omits the correction for ‘surface texture’ • Therefore the

U difference between it and the other two methods demonstrates the effec t (if

any) that the ‘surface texture’ has on the prediction.

5.10 ‘Predi ction methods’ 6 and 7 are shown to have the same equations in

Table 1 since it was found that the ‘surface texture’ t erms in the equations

had a negligible effect .

5.11 The calculated results from all thee. prediction method s are tabulated.

• in Tabl es 2 and 3 and compared with actual measured values. A comparison of

‘prediction methods’ 2 and 3 (Outflow and grease patch) with method 4 show

that ‘surface texture ’ has only a minimal effect on the prediction. I

comparison of standard deviations between predicted and actual resdiigs in

column 6 show that the mathematical prediction based on trends established

during actual tri.1. (see Pig. 7 and 8) in column 7 have the least error .

8

_ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  



_________  
U~~~~~~~_ ~~~_ U~

6. Suread of ‘Surface Texture’ data

6.1 The readings in Table 4 below are ‘surface texture’ measurements made

en the same runways by two separ ate organ isation s( Ref 5~ without reference

to each other .

TABLB 4

U U 
-~ ?nL~nJ ~E D~~~~ — U

AIR7I~~D SURFACE TYPE __________ P~~CE~ AGE
0P~~AT0R A 0P~~LT0R B U

• Yeovilton Wire brushed concret e 1.37 .305 350
Teovilton Scored concrete .83 .395 110

Itarham Brushed. concrete .435 .217 100

Prom these result s it would appear that different techniques in spreading

the grease on the runway could be the cause of the large difference in the

re sults. Consequently care was taken to ensure that all the measure ments

in Fig. 4. were made by the same person. Even so , a va.riation of over 100%

occured. along a. runway.

6.2 Because of it. method of operation the Outflow Meter resultein Pig 5

U 
are not influenced by operators technique and even so the Water Discharge

U 

U 

Time on the same surface can vary by 500%)whioh demonstrates that there can

be a large~ variationUj.n. -tex on~ the see  surface. The Department of the U

U ~~vironment has recognised this fact and use ‘surface texture’ as a site
control technique for concrete runways only. It would seem thèreforá that neithet

of these methods will give a usable single figure for the -
, surfa ce. texture ’ of

• a runway unl ess a very large number of measurements are made.

7. Conclusions

U 7.] The poor corr elation between 014]. stop distances and surface texture
U as measured during the trial indicates the fallacy of using it in aircraft

performsnoe calculations as suggested in Ref 2, and t.. t specifications

(Pars 3.2).

7.2 ?ria3.s wi th the two runway fri ction measuring equipments confirm

aircraft result s that whilst there is a general trend towards higher friction 
U

9 1 : 1 .



• 1
with increased texture it is not definitive enough to be used as a means
of determining the fri ction qualities of a runway (Pares 4.2 and 4.5)
7.3 Mathematical equations deriv ed from the method in Ref 1 to predict
Li-Meter readings at high speed and which contain a function related to
‘surface texture’ to oorrect~ for the slope of the speed/friction curve,
indicate that the effect of this function is so small as to be negligible.
The most accurate prediction method is to use previously established
trends. (Pars 5.11 and 5.12).

7.4 Ia differences in ‘surface texture’ measurements of over 300% can
occur between two operators on the same runway and with a singl. operator

• it can vary over ioo% along the runway, the grease patch method is of little
use as $ ‘surface texture’ measuring technique for runway, and should be
prehjbited (Pars 6.1).

7.5 The Outflow Meter, which was found to give repeatable results,
confirmed the wide variatio n in ‘surface texture’ that can occur along a
runway end merely reinforce the conclusion in pars 7.4. (Pars 6.2) .
7.6 1,ither of the methods used would measure aicrotextire which is a

U 

constituent of friatio~. (Pars 2.1).

7.7 The result. of this study on runways agree with the American Society
for Testing and Material, conclusions on the use of these ‘surface texture’
measuring methods.

8. Reoo en4~tions

8.1 It is r.oo ec.Aed that as a result of the conclusions reached in this
paper, any use of ‘sarfaoe texture’ measured by grease patch or Outflow
Meter asthods to specify runway friotion characteristics for aircraft
performance calculations and test specifications , be discontinued.
8.2 It is recoemended that if it becomes necessary to predict a In-aeter
reading at high speed from a low speed reading, the relationship established
from previous trials should be used.

Li 10
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TABLE t

I :  LIST OF ~~UATIONS DERIVED FROM TEST DATk

x Water discharge time — secs y = mean texture depth (grease rnethod)-mzn

Prediction Text~irePrediction Wetting from To Measurement Equation

IA Self 40 60 None = 1 .27 P o  — .22
lB Self 40 80 None — 1.28 P~o — .28

U 2k Self 40 60 Water log JI~~ = log 
~~~ 

—( .000139 X +.0217
23 Self 40 80 Water log JJ~ = log )J~) —( .000278 x +.0434

3A Self 40 60 Grea se log P60 = log P40 —( .0000 49Y~
3•45 

~.o217)

33 Self 40 80 Grease log 
~80 = log 3J40 —( .0000 98y 3’45 +•0434)

4k Self 40 60 None log JI 
~ 

= log p 
~
, — .0217

~r1 4B Self 40 80 None log )J~0 = log — .0434

5k Bowser 40 50 None = I .28 
~~~~ 

— .23
Bowser 40 60 None JJ~~ = 1.43 )~to — .36

5C Bowser 40 80 None — 1 .56 4JV ...,5
5D Bowser 40 100 None = 1 .41 — .46
53 Bowser 40 110 None = ~‘ ‘

~~~~~ R4o ~~

6k Bowser 40 60 Grease log P 0 log P o — .156
63 Bowser 40 80 Gre ase log log — .313

7A Bowser 40 60 None log jl 0 = log y 
~ 

— .156
7B Bowser 40 80 None log = log )~o — .313

— 12—
__________ U~~~~~~~~~~~~~~~~~~~~
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