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FOREWORD 

During the period November 1973 through September 1974, the 
Air Force Civil Engineering Center Pavement Surface Effects 
Team (PSET) performed skid resistance/hydroplaning potential 
surveys on 56 runways at 39 Air Force installations/operating 
locations using the Air Force Weapons Laboratory developed 
procedures for conducting standard skid resistance tests (Ref 
23). This report outlines the major milestones leading up to 
the present AFCEC program to determine runway skid resistance 
characteristics; refinements made to the program, equipment 
description, operating and test procedures, and analysis of 
the skid measurement program. A tabular summary of data and 

conclusions are included. 
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ANALYSIS OF 
STANDARD USAI- RUNWAY SKID RESISTANCE TESTS 

I. PURPOSE; This study was undertaken to outline the present 
procedures of conducting the standard runway skid resistance 
tests, to summarize test results, to evaluate the present pro¬ 
cedures for conducting the standard runway skid resistance 
tests, and to propose new methods for determining runway skid 
resistance characteristics. 

II. BACKGROUND: Since November 1973, the Air Force Civil 
Engineering Center (AFCEC) has been measuring the skid resist¬ 
ance properties of airfields and this testing effort is an 
outgrowth of several skid resistance research, testing and 
operational endeavors. The problems of pavement slipperiness 
have been with us for years; yet researchers still do not 
have a complete understanding of the physical effects which 
result in pavement slipperiness. As a consequence, research 
and published reports continue to explore this phenomena. 
Technically, skid resistance (the antonym of slipperiness) is 
the force developed when a tire, which is prevented from ro¬ 
tating, slides along a pavement surface. Since the term does 
not have a precise meaning, it is used to generally describe 
the interface between a pneumatic tire and a pavement surface. 

A. Hydroplaning Phenomena: Although research in pavement 
slipperiness began in the 1920s with studies at Iowa State 
College, the problem of aircraft skidding did not come to the 
forefront until the introduction of jet aircraft in the 1950s 
(Ref 1). The increased number of turbojet aircraft skidding 
accidents were the result of two major factors: 

(1) higher takeoff and landing speeds 

(2) greater number of adverse weather operations per¬ 
mitted by advances in all-weather airport and aircraft equipment. 

Appendix A is a resume of recent Air Force and civilian air¬ 
craft accidents and incidents where wet runway operations were 
cited as a possible cause factor. 



1. Dynamic Hydroplaning: In 1956, it was demonstrated 
on a tire treadmill apparatus that a tire in an unbraked con¬ 
dition will spin down to a complete stop on a flooded surface 
at some critical ground speed (Ref 2). The spin-down is the 
result of dynamic fluid pressures in the tire-ground contact 
area and if enough water is present, the tire will completely 
lift off the pavement surface. This condition is very serious 
and can result in cúmplete loss of tire braking and steering 
capability. Research performed in the late 1950s and early 
1960s indicated that tire dynamic hydroplaning or aquaplaning 
would occur at an approximate speed (Vp) 0f: 

Vp = 9 ,/p“ , knots (EQ la) 

Vp = 10.35 JF, mph (statute) (EQ lb) 

where the tire inflation pressure (p) is expressed in pounds 
per square inch. The above equation is based on three major 
assumptions: (1) that the average tire contact pressure 
(vertical wheel load/tire contact area) is approximately the 
same as the tire inflation pressure; (2) that the fluid den¬ 
sity is approximately that of water; and (3) that the hydro- 
dynamic lift coefficient developed by the tires on a fluid 
covered surface is approximately 0.7. Total tire dynamic hydro¬ 
planing speed is defined as the ground speed required for the 
average hydrodynamic pressure acting in the tire footprint 
region to equal the average tire ground bearing pressure, 
which is approximately equal to the tire inflation pressure 
(Ref 3). Associated with dynamic hydroplaning is wheel spin- 
down of a free rolling unbraked wheel. Wheel spin-down is 
the result of two phenomena: (1) the ground friction spin-up 
moment tending towards a zero value since the tire separates 
from the pavement surface and (2) the hydrodynamic center of 
pressure and resultant lift point shifting increasingly forward 
of the wheel axle as the ground speed increases, thus pro¬ 
ducing a wheel spin-down moment. At some high forward speed 
(normally very near the total dynamic hydroplaning speed of 
the tire) the wheel spin-down moment overcomes the wheel spin- 
up moment (drag forces) and the wheel begins spin-down to a 
complete stop (Ref 3). Once an aircraft tire has spun-down to 
a complete stop due to dynamic hydroplaning or braking, an un¬ 
braked wheel will not begin spin-up (ref 4) on a flooded run¬ 
way until the aircraft ground speed has decreased to an approx¬ 
imate value of: 

Vp,s ' 7'7 v'p' (EQ 2) 

where V is the ground speed required for initiating a wheel 
spin-up“*^Therefore, prolonged locked-wheel skidding will con¬ 
tinue until the aircraft has decelerated to this speed which 
normally can only be accomplished using aerodynamic drag devices 
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such as spoilers, drag chute, reverse thrust, etc 
brake pressure is released. 

and all 

2. Viscous Hydroplaning: 

a. Besides dynamic hydroplaning, another form 
of hydroplaning can result from fluid viscous (lubricating 
film) pressures, namely, viscous hydroplaning. Studies con¬ 
ducted by the National Aeronautical and Space Administration 
(NASA)(Ref 5) showed that when a surface was thoroughly 
saturated with water and then had all standing water removed 
so that the surface was only damp to the touch, loss in 
traction can result from viscous type hydroplaning down to 

ground speeds(see Figure 1). On relatively smooth 
runways, such as longitudinal burlap drag finish 
cement concrete (PCC) surfaces, friction values 
were nearly identical to those of wet ice. The 
indicated that increased pavement texture would dras 

very low 
textured 
Portland 
obtained 
studies 
tically reduce the effects of viscous hydroplaning but that 
changes in tire vertical load and inflation pressures would 
not significantly affect the potential for viscous hydro¬ 
planing (Ref 5). Examination of Figure 1 suggests that fric¬ 
tion coefficients on damp asphaltic surfaces are about 75 
percent of the dry surface values, while friction losses on 
smooth finish PCC surfaces are nearly total. 

b. In Figure 2, examples of the dynamic and 
viscous fluid pressures developed between the tire (smooth 
tire tread) and pavement contact area are shown for a free 
rolling and unyawing tire. The graph suggests that viscous 
fluid pressure rises significantly at lower ground speeds, 
which accounts for the influence of viscous hydroplaning down 
to very low speeds, whereas, dynamic fluid pressures increase 
with the square of the ground speed (Ref 6). 

3. Reverted Rubber Hydroplaning: In the mid-1960s, 
NASA studied aircraft skidding accidents (Ref 5). They found 
that for numerous wet runway skidding accidents, the runway 
surface had white streaks and that the aircraft tires had re¬ 
verted rubber patches. The patches were sticky, tacky and 
soft to the touch and the surface rubber appeared to have re¬ 
verted to its uncured state. They discovered that when a 
wheel is prevented from rotating by applying brake pressure 
and the tire is forced to skid along a wet surface, the tire 
will develop tread rubber reversion in the tire footprint 
region and very low friction coefficient will result (even at 
speeds down to 5-10 knots). At this time, the phenomenon of 
reverted rubber hydroplaning is still not fully understood; 
however, for tire rubber to become reverted, temperatures on the 
order of 400oF-600°F must be generated. 

4. Influence of Water Depth: Research by NASA 

3 

ÉuMÉ 



indicates that the depth of water present on a pavement sur¬ 
face has a significant role in determining the type of hydro¬ 
planing phenomena an aircraft tire will experience. Their 
studies indicate that an aircraft tire can experience various 
types of hydroplaning depending upon the thickness of water 
film (see Table 1, Ref 7). A Texas Transportation Institute 
(TTI) study (Ref 25) revealed that water depth on a pavement 
surface is primarily influenced by pavement texture, rainfall 
intensity, pavement cross slope and water drainage path length. 
For a "no wind" condition, the water depth, and thus the type 
of hydroplaning encountered, can be predicted using the follow¬ 
ing TTI equation: 

•43(D 59 (j) -42}-T (EQ 3) d = 3.38 X 10 '3{(ijr) 1 (L) 

where: d = water depth, in 
T = average pavement texture depth, in 
L = drainage path length, ft 
I = rainfall intensity, in/hr 
S = pavement cross slope, ft/ft 

The important conclusions drawn by TTI are: (1) increasing sur¬ 
face texture resulted in a decrease in water depth for a given rain¬ 
fall intensity, cross slope, and drainage length, and this effect 
was more pronounced at the flatter cross slopes and lower rain¬ 
fall intensities; (2) increasing pavement cross slope resulted 
in reduced water depths and this effect was very significant at 
the flatter cross slopes where a slight increase in cross slope 
resulted in a pronounced reduction in water depth; i.e., for a 
rainfall intensity of 1.5 in/hr, a surface texture of 0.003 
inches, and a drainage length of 24 feet, increasing the cross 
slope from approximately 0.5 percent to 2 percent decreased 
water depths by 62 percent; and (3) greater drainage lengths 
increased water depths; however, the rate of increase in water 
depth became smaller as drainage lengths increased. 

B. Tire Properties: Although most of the recent literature 
on aircraft skid resistance is concerned with the three types 
of hydroplaning, several other important properties of tire pave¬ 
ment interaction must be briefly addressed so the reader of this 
report will have a basic understanding of the operating prin¬ 
cipals for the three types of measuring devices to be discussed 
(diagonally braked vehicle [DBV], Mu-Meter and Swedish Skid- 
dometer). 

1. Brake-siip: Brake-slip is defined by the equation: 

where: 5¾ = slip ratio, braked, dimensionless. 
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w = angular velocity of a freely rolling or unbraked 
tire, which corresponds to the velocity of the 
vehicle. 

calf = angular velocity of the slipping tire or torqued 
wheel (braked wheel). 

For a free rolling wheel, the slip ratio is zero and for a 
locked wheel, the slip ratio is one. Figure 3 shows that the 
maximum braking friction coefficient develops when the brake 
slip ratio is approximately 0.15-0.20. Therefore, the maxi¬ 
mum deceleration (minimum stopping distance) for an aircraft 
occurs when the slip ratio is held in this range (incipient 
skid), and not when the wheels are locked, which frequently 
occurs during emergency situations ("standing" on the brakes). 
The Swedish Skiddometer and the DBV operate on the principle 
of brake-siip. The Swedish Skiddometer operates at a constant 
slip ratio near the incipient skid while the DBV operates at 
a slip ratio of 1.0. 

2. Cornering-Slip: Cornering or side-slip occurs when 
a slip angle develops between the direction of motion and the 
plane of the tire (see Figure 4). The cornering slip friction 
coefficient (ys) is defined as: 

where: Fv = wheel load. 
Fc = cornering slip resistance or force. 

Two important tire characteristics are associated with corner¬ 
ing slip. First, as the brake slip ratio increases (braking), 
the cornering capability of the tire is decreased and, if the 
wheel locks, steering capability or directional control is 
entirely lost. Secondly, for a yawing unbraked tire, the max¬ 
imum cornering slip coefficient is produced at some critical 
yaw angle (see Figure 5). The Mu-Meter (discussed in Section 
III) operates in the side-slip mode. 

3. Finally, in order to complete the description of 
tire properties, the relationship of contact pressure (tire 
inflation pressure) and tire temperature on braking friction 
coefficient must be understood. Figure 6 shows the relation¬ 
ship of tire temperature and contact pressure on a dry surface. 
Lower tire inflation pressures raise friction coefficients and 
increased tire temperatures lower friction coefficients (Ref 8). 

C. Alleviation of Low Friction: 

1. Several methods have been tried to alleviate the prob¬ 
lem of low friction, e.g., improved aircraft systems and pavement 
alterations. One rather novel scheme was tried in 1958 when air 



nozzles were placed in front of aircraft tires and high-pres¬ 
sure air was used to displace the surface water. Further test¬ 
ing by NASA in 1964 showed that a beneficial effect was derived 
by expelling bulk water from the tire footprint area by high 
pressure air blasts (Ref 9); however, this air jet stream was 
not feasible due to aircraft weight penalties and bleed air 
requirements. Also the air jet system could not expelí the 
residual water film; thus, viscous hydroplaning potential was 
not significantly reduced on relatively smooth finish pavements. 
Although the air jet system was abandoned, other aircraft 
systems have been tested and introduced into the Air Force 
inventory to improve braking performance, e.g., aircraft tire 
and antiskid systems. Recently the Air Force completed the 
F-4 Rain Tire Performance Flight Test Project (Ref 24) at 
Edwards AFB (Jan 73-Apr 74) and this test program proved that 
modifying the main tire tread can increase the braking friction 
coefficient by as much as 25 percent and installing an improved 
antiskid system (Mark III) can decrease aircraft stopping dis¬ 
tance as much as 10 percent on the F-4. Generally speaking, 
braking efficiency is far more dependent on the characteristics 
of the pavement surface than on the type of tire or its tread 
design. As a result, considerable research effort has been 
undertaken to improve the skid resistance properties of pave¬ 
ments. Since pavement texture plays a significant role in 
determining the relative slipperiness of a pavement, several 
techniques have been developed to improve surface texture, 
thereby allowing water to escape from 'between the tire foot¬ 
print and the pavement. One such technique is runway grooving. 
The British developed the grooving techniques and utilized 
transverse grooves on their military asphaltic concrete run¬ 
ways as early as 1956. In the 1960s, NASA evaluated the per¬ 
formance of various grooved configurations on the Langley 
Landing-Loads Track (Ref 1). Their data indicated that pave¬ 
ment grooving resulted in: (1) no significant increase in 
aircraft tire rolling resistance; (2) substantial improvement 
in aircraft tire cornering force or steering capability; and 
(3) greatly improved aircraft stopping performance on wet 
pavements. The 1-inch pitch X 1/4-inch width X 1/4-inch depth 
groove pattern performed better than any other configuration 
tested. 

2. During 1966-67, at the NASA Wallops Station re¬ 
search runway, tests were conducted to determine the effects 
of runway surface grooves on an F-4D and a Convair 990. Nine 
different surface finishes were tested (grooved and ungrooved 
canvas-belt drag and burlap drag finish concrete, grooved and 
ungrooved small and large aggregate asphalt, and gripstop 
transition surface). Test data (Ref 1) substantiated the 
results obtained previously at the Langley Landing-Loads Track 
in that grooving caused a significant increase in aircraft 
braking capability on wet surfaces (see Figure 7). As a 
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result of these groove tests, several civilian and Air Force 
runways were grooved. Although these tests confirmed the 
obvious merits of runway grooving, many unanswered questions 
remained since the Wallops Station evaluation was conducted 
on a relatively short test section (3,450 ft test section on 
an 8,750 ft long runway). 

D. Project Combat Traction: In 1969, the Air Force and 
NASA jointly sponsored Project Combat Traction to further 
examine the benefits and disadvantages of different pavement 
surfaces and treatments for a full length runway (Ref 10). 
The objectives were to: (1) assemble a priority listing of 
Air Force runways requiring corrective measures to prevent 
skidding/hydroplaning accidents; (2) determine the optimum 
runway surface for Air Force use; (3) establish and validate 
a procedure for predicting aircraft stopping distance for 
various surfaces by using a ground vehicle as a means of 
assessing surface condition; and (4) investigate the merits of 
a water-depth warning system or other measuring system. 
During the period July 1969 to March 1970, the Combat Traction 
Team tested approximately 50 military and civilian runways. 
Since this program required a ground vehicle to assess runway 
conditions, a ground measuring system had to be selected prior 
to testing. The diagonal braking system was selected since 
the 1968 NASA studies at Wallops Station showed that the DBV 
correlated well with aircraft stopping performance (Ref 1) . 
Three vehicles from Great Britain and 18 vehicles from the 
United States had participated in the Wallops Station skid 
correlation study. The US vehicles included six two-wheel 
braking trailers built according to ASTM (E 274-65T) skid 
trailer specifications, a single-wheel braking trailer, a 
constant-slip three-wheel trailer (Swedish Skiddometer), two 
DBVs and five four-wheel braking vehicles (Tapley Meter and 
James Brake Decelerometer [JBD]). The three British friction 
measuring vehicles were a Miles Trailer, a Mu-Meter and a 
Heavy Load Friction Vehicle (Juggernaut). 

\ 

1. The Combat Traction effort investigated the 
responses of the C-141 on wet, snow and ice covered runways 
of several pavement types and compared them with those of 
the DBV as well as those of the Air Force Runway Condition 
Reading (RCR) vehicle from each test base to determine these 
systems' capability of predicting aircraft stopping distances. 
Since the RCR system is currently being used to estimate air¬ 
craft landing performance on ice and snow covered USAF runways, 
a discussion of the RCR system is included in Appendix B. 
Analysis of the Combat Traction data resulted in several 
important conclusions: 

a. The RCR system was not an adequate method for 
predicting aircraft stopping distance on wet runways, but the 
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system could predict aircraft stopping distance on ice and 
snow covered runways. 

b. A diagonally braked vehicle could predict 
aircraft distance and crosswind limitations for wet, ice and 
snow covered runways and could be used to measure runway 
siipperiness. 

c. Grooved pavements and porous asphalt surfaces 
were the most effective surface treatments investigated for 
alleviating surface flooding and wet runway slipperiness. 

d. Aircraft stopping distance generally increased 
with increasing water depth on the runway. 

Prior to the publication of the final Combat Traction report 
(Nov 1970) several meetings were held by NASA and several Air 
Force agencies (Aeronautical Systems Division [ASD], Air Staff 
Operations, Safety and Civil Engineering) to formulate an Air 
Force position on the RCR system and follow-on skid resistance 
programs. As a result of this meeting, the Director of Safety 
issued ALSAFECOM 16/70 message (see Appendix C) which invali¬ 
dated the RCR measurement system on wet runways. The message 
directed that an RCR of 12 for wet asphalt runways, and RCR of 
9 for wet concrete runways and an RCR of 6 or 7 for portions 
of the runway where heavy rubber deposits are present would be 
used when the runway was reported wet. However, this message 
was rebutted by operational commanders since it imposed a 
severe penalty on aircraft operations from wet runways and it 
was subsequently withdrawn. 

2. A meeting was held in September 1970 witíi Air Staff 
Civil Engineering, Operations, and Safety and Systems Command 
personnel to decide on the approach to the Air Force traction 
program and to determine procedures for predicting stopping 
distance of aircraft on wet runways. As a result of this 
meeting, the responsibilities for determining runway skid 
resistance were divided between AFCEC and the Air Force Wea¬ 
pons Laboratory (AFWL). AFWL was directed to conduct further 
runway skid resistance measurement research and the AFCEC was 
tasked to determine the skid resistance characteristics of Air 
Force runways not tested in the Combat Traction program with 
the NASA DBV. This working group also prepared a joint 
Operations-Safety message (ALMAJCOM 1494/70, 132352Z Nov 70, 
see Appendix D) which directed: (1) Combat Traction data 
would not be used pending publication of the final report; 
(2) the requirements of AFR 60-15 that applied to measurement 
of wet runway RCRs were deleted; (3) RCR values for wet run¬ 
way operations recommended in applicable aircraft dash-one 
handbooks would be used when wet runway conditions existed; 
(4) relieved NASA from further requirement to respond to 
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requests for Air Force runway traction tests; and (5) dele¬ 
gated the responsibility for the continuation of the Air Force 
runway skid resistance measurement program to the AFCEC (de¬ 
signated Project Concrete Traction). 

E. Project Concrete Traction: Skid resistance measure¬ 
ments were made on 75 runways at 48 Air Force installations 
between January and September 1971. Measurements were made 
on the primary and secondary touchdown areas (rubber deposit 
areas) and on the interior portion of the runway. NOTE: In 
Combat Traction, only the central interior (nonrubberized area) 
portion of the runway was tested. The validity of test re¬ 
sults of the Concrete Traction program was questionable since 
adequate control of water application was not achieved. Water 
was randomly applied to each test section after which the 
water depth was measured by the NASA developed water surface 
depth instrument (see Appendix E). However, since a pavement 
surface is not homogeneous, several different readings can 
be measured by the NASA water depth gauge in a relatively 
small sampling area. Thus water depth was not accurately 
determined and standardization between tests was not achieved. 

F. Project Combat Traction II: In 1971 a two phase "Joint 
Federal Aviation Agency (FaA)-USAF-NASA Runway Research Program" 
was initiated which is commonly called Combat Traction II (Refs 
11 and 12). The objectives of the program were: 

(1) Phase I - Determine if a relationship exists be¬ 
tween the B-727 and the DC-9 aircraft, and the DBV and/or the 
Mu-Meter for predicting aircraft stopping distances. 

(2) Phase II - Conduct a computer study of several 
aircraft antiskid braking systems to ascertain which parameters 
have major influences in aircraft/ground vehicle correlations 
for determining aircraft stopping distances. 

The Phase I testing results serve as the basis (pavement rating 
parameters) for rating in the present AFCEC skid resistance/hydro¬ 
planing survey program. In October 1971, a B-727-100 aircraft 
was tested on six different runways (NASA Wallops Station, 
Houston International Airport (IAP), Edwards AFB, Seattle- 
Tacoma IAP, Lubbock Regional Airport and John F. Kennedy IAP). 
Analysis of the B-727 tests indicated that the antiskid braking 
system allowed wheel lockups to occur over a wide range of 
operating conditions. Wheel lockups occurred during all wet 
stops on smooth Portland cement concrete (PCC) pavements re¬ 
sulting in excessively long stopping distances due to viscous 
and reverted rubber hydroplaning. The data showed that for 
the B-727, wheel lockups were likely when runway conditions 
corresponded to a DBV stopping distance ratio (wet/dry ratio) 
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equal to 2.05 or greater and a Mu-Meter reading of 0.47 or 
less (see Figures 25 and 26). Figure 8 graphically illus¬ 
trates the importance of reverse thrust and runway grooving, 
estmg of the DC-9 ascertained that no wheel lockups would 

occur, but excessive long stopping distances (see Figure 9) 
were encountered which exceeded the wet stopping distance 
prescribed by Federal Air Regulation (FAR) 121.195 (see 
Appendix F). 

G* AFWL Skid Resistance Measurement System: As pre¬ 
viously noted, a¥Wl was tasked in 1970 to develop a skid 
resistance system that would accurately evaluate runway skid 
resistance/hydroplaning characteristics. Their research was 
aimed toward evaluating available skid resistance measuring 
equipment and developing a standard procedure for determining 
runway skid resistance properties. The AFWL skid resistance 
measurement system (Ref 23) is an outgrowth of the Project 
Combat Traction program and the ground friction measurement 
correlation studies held at NASA Wallops Station in 1968. 
The hydroplaning potential rating system is predicated on 
Combat Traction II, Phase I data. 

111• TEST PROGRAM: The AFCEC standard skid resistance tests 
acu conducted in accordance with the procedures developed by 
AFWL (Ref 23) except that several procedural refinements have 
been made. 

A- Basic Test Equipment: The standard skid resistance 
test uses four basic pieces of equipment to evaluate runway 
skid resistance/hydroplaning characteristics: (1) diagonally- 
braked vehicle (DBV); (2) British developed Mu-Meter; (3) 
slope measurement device; and (4) water application equipment. 
aÜi Skld resistance measurement equipment was transferred from 
AFWL to AFCEC in July 1973. Several modifications have been 
made to the AFWL equipment and equipment changes will be dis¬ 
cussed in this section of the report. 

1. Diagonally Braked Vehicle fDBVl: The AFCEC DBV 
a 1971 Plymouth Satellite station wagon (see Figure 10) 

which has been modified to permit braking of one front wheel 
and the diagonally opposite rear wheel, allowing the other 
diagonally opposite wheels to roll freely (unbraked). The 
free-rolling wheels provide directional stability and control 
when the diagonal set of wheels are locked in a skid. In 
addition to braking modifications, the DBV is specially instru¬ 
mented to record the stopping performance of the vehicle during 
a locked wheel skid. 

a- Braking System: The modified braking system of 
the vehicle permits three types of braking - four wheel brakinfe, 
and two combinations of diagonal braking (see Figure 11). The 
desired mode of braking is selected by the vehicle operator and 
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is obtained by hydraulic shutoff valves. The station wagon 
was originally equipped with a double-piston master cylinder; 
therefore, a T-connection had to be installed between the 
cylinder and the selector valves to insure equal pressure to 
all brakes. From the selector valves, lines were installed 
to the wheel brakes. 

.b- Vehicle Tires: All skid resistance tests are 
Vth AblM bald-tread tires, 7.50 X 14 (specification 

hZ49-66j , that are installed on the diagonally braked set of 
.AS>TM bald or slick tires are inflated to a pressure 

of 24 psi. These special test tires help insure repeatability 
of data and eliminate the effects of tire-tread design on braking 
performance. The unbraked wheels are equipped with conven¬ 
tionally treaded tires to assist in maintaining directional 
control while accelerating and braking on wet pavement surfaces. 

^ Instrumentation : Two primary instrumentation 
systems are used to collect and record vehicle speed, stopping 
distance and deceleration. The instruinentation system is 
graphically depicted in Figure 12. 

T, „.r., , , (1) Fifth Wheel Assembly Instrumentation: 
r 6 asseip51y (Track test - Laboratory Equipment 
Lorp [LABCO]) is an instrumentation system used for determining 
the speed of the vehicle at time of wheel lockup and during 
the skid, and measuring the distance transversed by the DBV 
during the skid. The fifth wheel assembly consists of a bicycle 
type of wheel (Bendix Elipse, type K hub with 120-gauge spokes 
and heavy-duty rim; pneumatic tire, 26-inches by 2.125-inches, 
see Figure 13) which is attached to the rear bumper; a direct 
drive wheel actuator; and electronic digital speed and distance 
readout units (see Figure 14). The direct drive wheel actuator 
provides the signal for both the speed and distance readout 
units. The actuator is a magnetic actuated read switch that 
giyes one pulse per foot traveled by the wheel. A pressure 
switch actuated by brake pressure and supplied by a 12 volt 
power source provides an input signal to the speed and distance 
readout units at the time of brake application. This signal 
initiates the hold system of the velocity readout unit and 
initiates the distance readout counter; thus, the DBV speed 
at the time of brake application (wheel lockup) and distance 
transversed can be determined from the displays on the digital 
readout units. The power requirement for each digital readout 
unit is 9.5-17 volts DC (12 volts normal) and 0.95 amperes (1.2 
amperes maximum). The units are sensitive to high level electro¬ 
magnetic fields such as engine ignition noise due to broken 
spark plug wires. 

(2) Recorder; A Model TR-444 Techni-Rite 
four channel direct writing analog recorder is installed behind 
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the two front seats to record speed, distance transversed, 
and deceleration of the DBV during test runs. The data re¬ 
corded by the analog recorder upon receipt of the DBV from 
AFWL included only vehicle deceleration and total brake 
pressure supplied to the brake selector valve assembly. 
Brake pressure data monitoring was eliminated when AFCEC 
acquired the capability of recording speed and distance. 
The four-channel recorder (see Figure 15) is equipped with 
a heated stylus for each channel for recording data traces 
on heat-sensitive paper. The recorder consists of a main-frame 
and four plug in preamplifiers. Recorder controls provide 
for power on/off, chart speed (2.5, 10 or 20 mm/sec used for 
tests), trace width, gain and positioning. A digital to 
analog (D-A) converter is installed in the DBV so that re¬ 
cords of velocity and distance measurements versus time 
(chart speed) can be registered. Input signals to the D-A 
converter come directly from LABCO electronic digital speed and 
distance readout units and output signals from the D-A converter 
go directly to the input channels on the strip chart recorder. 
Two linear accelerometers (Setra Model 100 ± 1 g) are mounted 
in the vehicle for the purpose of determining the point of 
DBV brake application and roll back (stop point determination) 
on the recorder chart paper. The excitation power for the 
accelerometers is furnished by a Power Mate Corporation Model 
UNI-76 DC power supply ( 115-VDC input, and 0-34 VDC/0.5 amp 
regulated output). The two accelerometers provide inputs to 
two channels of the recorder. 115 VAC-power is supplied by a 
inverter manufactured by Trippe Manufacturing Co., Model PV 
500FC, to operate the recorder, D/A converter and accelerometer 
power supply. 

d. Safety Equipment: A roll bar fabricated from 
two pieces of 1-5/16 inch diameter stainless steel tubing is 
installed behind the front seats of the vehicle. The DBV 
operators are secured to their seats by aircraft shoulder 
harness, inertial reel and lap belt system. A Class BC, five 
pound fire extinguisher and crash helmets are provided to 
further protect the operators. 

e* Operation : The skid resistance characteristics 
of a runway are defined by computing the ratio of the wet to 
dry stopping distance of the DBV, The stopping distance is 
measured from brake application at 60 mph in a diagonally 
locked wheel mode. Under the AFWL concept of operation, to 
insure rating standardization between airfields, the standard 
dry stopping distance of the vehicle for all pavement conditions 
is taken as 300 feet for computation of the wet/dry stopping 
distance ratio (SDR). All DBV tests are conducted in accordance 
with the DBV Operations Checklist (see Appendix G). During a 
test run, the driver accelerates the vehicle to a speed slightly 
in excess of the desired test speed (60 mph) and shifts the 
transmission to the neutral position just prior to the desig- 
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nated brake-on point. Experience has shown that if the trans¬ 
mission is shifted to neutral at a speed of 63 to 64 mph at a 
distance of 300 feet from the brake-on point, the DBV will 
decelerate to a speed of 60 mph at the brake-on point. The 
test wheels must remain in a locked mode for the duration of 
the skid to insure validity of the test. Normally, when the 
wheels are locked, a slight torque on the steering in the di¬ 
rection of the locked wheel is experienced. In evaluating 
the pavement surface traction, the wet/dry stopping distance 
ratio (SDR) reflects the degree of pavement slipperiness (see 
Table 2). 

2. Mu-Meter: The following is an excerpt from the 
M.L. Aviation Co. Ltd. Instruction and Service Manual for the 
M.L. Mu-Meter. 

a. Description: The Mu-Meter (see Figure 16) is 
a lightweight (540 lbs), three wheel trailer unit that is towed 
by a standard vehicle (see Figure 17) fitted with a standard 
towing ball and a remote readout unit, stowed in and operated 
from the cab (see Figure 18). The trailer unit is comprised 
of a triangular frame on which are mounted two friction 
measuring wheels (size 16X4X6 ply), a rear wheel which 
drives the recorder and stabilizes the machine, a ballast, a 
load cell, and a recorder mechanism (see Figure 19). 

b. Operation: When the Mu-Meter is towed over 
the test surface, the toed-out (at approximately 15 degrees 
included angle), smooth tread, measuring wheels tend to move 
apart, and this force is sensed by a load cell mounted be¬ 
tween the fixed and pivoted side frame members on which the 
wheels are mounted. The load cell feeds this data to the re¬ 
corder by hydraulic pressure through a flexible interconnecting 
tube. The distance traveled is transmitted by the rear wheel 
to the recorder roll chart drive mechanism (one inch on the 
roll chart paper equates to 450 feet traveled by the Mu-Meter). 
The recording apparatus includes an integrator which provides 
the average friction value of the recording over any distance. 
The Mu-Meter thus measures a component of side-force friction 
coefficient generated between the test surface and the smooth 
tread tires. All test runs are conducted in accordance with 
the Mu-Meter Operations Checklist (see Appendix H). All measure¬ 
ments are made at a constant speed (normally 40 mph) and the 
event marker bulb located in the cab of the tow vehicle is 
utilized to remotely mark the roll chart paper so that the 
beginning and end of a test section as well as the DBV brake- 
on and stop locations can be determined. In evaluating the 
pavement surface skid resistance properties, the average friction 
coefficient reflects the degree of pavement slipperiness (see 
Table 2) . 

c. Calibration Procedures: Functional checks are 
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performed prior to each day of testing, after each change of 
tires, and when sudden unexpected changes occur, to insure 
correct friction values are being transmitted from the load 
cell to the recorder mechanism. AFWL recommended that the 
tires be "warmed up" prior to any calibration check and the 
tire pressure reset to the calibration pressure (10 psi) after 
tire warm up. However, the M.L. Aviation Co. Ltd. recommended 
that such procedures be discontinued since erroneous readings 
result. They reported that as the tires become heated, the 
friction coefficient will decrease (see Figure 6) but the 
friction loss due to temperature rise is compensated for due 
to a corresponding rise in tire pressure; thus, the Mu-Meter 
will record the same friction coefficient over any surface as 
long as it is not continuously operated on a dry surface in 
excess of 20 miles. Therefore, all calibration checks must be 
performed at ambient temperat’ res (above freezing) and tire 
pressure not changed after calibration. The procedures for 
calibrating the Mu-Meter are contained in Appendix H. 

3. Slope Measurement Device: A 10 foot X 3 in X 3/4 
inch rectangular bar with five machinists levels attached is 
used to determine the transverse and longitudinal runway slopes 
to the nearest 0.1 percent (see Figure 20). Since the relative 
slipperiness of a pavement is related to the depth of water 
held on a pavement surface, slope measurements are taken along 
the entire runway to reflect drainage characteristics. 

4. Water Application Equipment: Probably the most 
important and distinctive feature of the AFCEC skid resistance 
measurement program is the manner in which water is applied. 
Three equipment items are utilized to apply water to each 
test section and insure water application standardization: 

a- Water Truck: A water tanker truck employed 
by the base fire department, usually an F-6 or F-7 Runway 
Foamer unit, is normally used to artificially wet each test 
section. The base provided water tractor/trailer unit must 
conform to the following specifications: 

(1) A water tank capacity of at least 2,500 
gallons is necessary in order to wet a 2,000 foot by 10 foot 
test section. NOTE: If an F-6 or F-7 Runway Foamer unit is not 
available, then a 1,500 gallon water distributor is utilized^ 
however, only a 1,200 foot test section can be wetted with 
this equipment. 

(2) The water pump engine should operate as a 
separate unit, independent of the tractor drive train, and 
should have either a dependable tachometer or discharge pump 
pressure gauge to determine constant water flow output. 

(3) A shutoff valve located between the water 
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pump and the AFŒC spray bar is required so that the pump can 
be stabilized at a constant static pressure before commencing 
a water lay. 

(4) The water truck should have a capability 
to insure that foaming agent does not contaminate the test 
water. 

(5) The tractor unit should be equipped with 
an accurate tachometer or fifth wheel assembly for determining 
precise operating speed. A portable electronic tachometer 
can be provided by the team in the event the tractor's tacho¬ 
meter is inoperative. A 100 rpm division engine tachometer 
has been found to be the best system for maintaining constant 
tractor speed under changing load conditions. 

(6) The tractor unit must have a gear/axle 
ratio which enables the driver to maintain a constant speed 
(normally 5.5 mph) under changing load conditions. 

b. Spray Bar: A special water spray bar has been 
fabricated by AFCEC to insure standardized water application on 
all test sections (see Figure 21) . The majority of the base 
fire departments were found not to have spray bars that would 
uniformly wet each test section; e.g., water would discharge 
mainly from one side o^ the spray bar. Therefore, AFCEC tab- 
ricated a water spray bar from 2 1/4 inch copper tubing with 
several 1 1/2 inch by 1/2 inch slots cut in the bottom to per¬ 
mit water discharge at low pressures and high volumes. 

c. Flow Meter: A 300 gpm fuel flow meter (see 
Figure 22) measures the amount of water discharged by the 
water truck. The flow meter has been an invaluable aid to 
the team since it shortens the time required to calibrate the 
water truck and is utilized to insure the correct quantity of 
water has been applied to each test section. Two and one-half 
inch fire department hose connections have been welded to the 
inlet and outlet ports of the flow meter to permit connection 
°f the flow meter to fire department equipment. 

B. Testing Sequence: The following outlines the events 
that must take place prior to and during the testing program: 

1. Priority of Base Selection: Prior to each fiscal 
year, HQ USAF/PREE requests that each MAJCOM submit a priority 
listing of their bases for skid resistance testing. From the 
MAJCOM listings 30 bases are selected by HQ USAF/PREE for skid 
resistance testing. All adjustments to the priority listing 
and scheduling must be approved by HQ USAF/PREE. 

2. Base Testing Sequence: AFCEC determines the base 
testing schedule. Five to six deployments are scheduled for 
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each fiscal year and test bases for each deployment are nor¬ 
mally geographically grouped. 

, 3- -Notification of Base Testing: Prior to each de¬ 
ployment, th e ÀFCF.C no titles 't'h e MA JCOMs of the proposed 
deployment schedule and support requirements. MAJCOM and 
base support requirements are outlined in the operations 
plan (see Appendix I) attached to the notification letter. 

4- Predeparture Preparations: Prior to shipment of 
the equipment, the Pavement Surface Effects Team (PSET) insures 
that all equipment is in operational condition and properly 
packed (see Equipment Requirements Checklist, Appendix J) for 
overland or air shipment. MAJCOMs are responsible for funding 
all transportation requirements. 

5. Base Testing Sequence: The following outlines the 
sequence of events when the PSET arrives at a base and during 
the testing program: 

a- Before Testing: Normally during the afternoon 
prior to the test cl ay, FHë following actions are accomplished 
by the PSET chief: 1 

(1) Brief base personnel on project. 

(2) Insure vehicle maintenance support 
arrangements are made (tire changing/mounting facilities for 
standard tubeless tires, premium gasoline for the DBV and 
Mogas for pickup truck). 

(3) Insure arrangements for a flightline 
driver (normally the project officer) and vehicle (equipped 
with a radio for communications with the tower) are accomplished 
NOTE: The flightline vehicle is used by the team chief for 
controlling all testing operations. 

(4) Insure a secure, dry, clean, and enclosed 
area is provided for calibrating the test equipment, preferably 
near the flightline. Normally a fire department stall is 
utilized since the team works closely with personnel of the 
fire department. 

(5) Obtain one copy of the runway layout 
plan detailing the transitions between pavement types, run¬ 
way historical data, and weather data. 

(6) Insure arrangements are made to remove 
runway barriers as soon as the runway is closed. 

(7) Insure a NOTAM is dispatched, closing the 
test runway during daylight hours (two and one-half hours for 
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dry testing and four hours for wet testing) 

(8) Insure arrangements for two personnel to 
operate the water application truck are made and that the 
water application truck is operationally ready for testing. 

assignments . 
(9) Brief team personnel and make team 

b. One Hour Before Testing 

(1) The two team members assigned to the 
DBV complete the DBV operational checklist (see Appendix î) and 
assist in mounting the AFCEC spray bar onto the rear of the 
water application truck. 

(2) The DBV data recorder briefs the water 
application crew (driver and pump operator, see Appendix L, 
Form 1). 

(3) The two team members assigned to the 
pickup truck (Mu-Meter) complete the vehicle operational 
checklist (see Appendix H), calibrate the Mu-Meter and assist 
in mounting the AFCEC spray bar onto the water truck. 

(4) A final check is made to insure all 
radios are operational, the barrier crew is prepared to 
remove barriers and the flightline vehicle is made available 
at least 20 minutes prior to testing effort. Brief the 
flightline vehicle driver on his responsibilities (remain 
with Mu-Meter and monitor applicable tower frequency for run¬ 
way clearance instructions). 

c. Dry Testing (2 1/2 hours) : 

•> (1) The PSET chief, accompanied by the DBV 
driver, selects and marks all test sections. Distance measure¬ 
ments are provided by the DBV distance digital readout units. 
Figure 23 shows a typical layout of test strips on a runway. 
The following procedures should be utilized when laying out 
test sections: 

(a) The PSET chief makes a full length 
inspection of the runway surface to determine and categorize 
the extent of the primary and secondary touchdown rubber 
deposits, and locate the transitions between different pave¬ 
ment materials and intersection of runways and taxiways. 

(b) The lateral displacement of the 
test sections is determined. The lateral displacement will 
vary according to the base mission (landing gear configuration) 
and should encompass the heaviest rubber buildup area. Nor- 
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mally the center of each test section is displaced 8 feet 
from the marked centerline so that the marked centerline 
does not influence DBV stopping performance. 

(c) The primary and secondary rubber 
deposit test sections should encompass the heaviest rubber 
buildup areas, and accordingly, the longitudinal location of 
these test sections depends on location of rubber deposits 
Normally at TAC and ATC bases (predominately fighter and 
trainer type aircraft operations), the significant rubber 
buildup begins approximately 500 feet from the runway threshold, 
whereas, at MAC and SAC bases (transport and bomber type air¬ 
craft operations) the significant rubber deposits begin approx¬ 
imately 1,000 feet from the runway threshold and extend for 
several thousand feet. At least one test section should be 
tested at each end of the runway in order to determine the 
skid resistance characteristics of the primary and secondary 
touchdown/rubber deposit areas, and the single test section 
should be located on the upwind side of the marked centerline. 
For standardization purposes only, the primary touchdown 
rubber deposit area test sections are designated sections "A" 
and "B" and the secondary touchdown test sections are designated 
ME” and "F". 

(d) The central interior test sections 
(designated sections "C" and "D") should be sited to position 
the first interior test section closest to the primary approach 
end and on the upwind side of the marked centerline. Normally, 
only one test section is required for runways less than 8,000 
feet long. 

(e) The edge test section (designated 
section "G") should be laterally displaced from the interior 
test section in order to determine the traction characteristics 
of a nontraffic area. It is important to insure that the 
edge test section and central interior test section are con¬ 
structed of the same pavement material to permit a valid com¬ 
parison of the skid resistance properties. NOTE: Asphaltic 
concrete (AC) runways have nontraffic areas that are sometimes 
constructed of different material types or aggregate gradations 
than the interior portions of the runway. 

(f) The dimensions of each test section 
are 2,000 feet long by 10 feet wide, when the water capacity : 
of the base furnished water tank is 2,300 gallons or greater. 
If only a 1,500 gallon capacity tanker is available, the test 
section length is reduced to 1,200 feet. The DBV brake-on- 
point should be 300 feet from the beginning of the test section 
(50 feet when sections are reduced to 1,200 feet). For stand¬ 
ardization purposes the beginning of each test section is marked 
with spray paint using a single line symbol, the DBV brake-on- 
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point is marked with an arrowhead symbol, and the end of the 
test section is marked with a circular symbol (see Figure 24) 

(g) In the event the runway is con¬ 
strued of several surface materials (e.g., PCC touchdown areas 
and asphaltic concrete interiors), test sections should be 
laid out in such a manner that data will be obtained on as 
many surfacing materials as possible. In addition, if drain¬ 
age conditions differ significantly between different portions 
of the runway, then test sections should be located to examine 
all extremes of the runway. 

(2) The Mu-Meter operators make transverse 
and longitudinal slope measurements utilizing the following 
procedures: 

(a) Transverse slope measurements en¬ 
compass the normal aircraft wheel path area, 20 feet each side 
of the marked centerline. Measurements are taken abreast of 
each runway remaining distance marker (1,000 foot intervals) 
and at each runway threshold. In the event the transverse 
slope measurements are 0.5 percent or less, supplemental 
measurements are made at the midpoint between the runway re¬ 
maining distance markers (500 foot intervals). Measurements 
are also taken in the edge test section abreast of the appli¬ 
cable runway remaining distance markers. 

(b) Longitudinal slope measurements are 
taken along the marked runway centerline at the same locations 
as the transverse slope measurements. 

(c) Care should be taken to insure pro 
truding portions of the runway surface such as joint seal 
material do not influence the slope measurements. 

(3) DBV dry stops are accomplished after all 
test sections have been selected. Dry stops are accomplished 
in as many sections as possible and the tires are checked 
after each run for excessive wear. Normally two to six dry 
stops can be accomplished before tire changing is required. 
Dry stops will be accomplished in accordance with the follow¬ 
ing priority sequence: primary rubber deposit test section, 
centra] interior test section closest to the primary touchdown 
area, secondary rubber deposit test section, edge test section, 
and central interior test section closest to the secondary 
touchdown area. A single traffic cone is used to mark the 
DBy brake-on-point and it is placed abreast of the brake-on- 
point (driver's side). All test runs are accomplished in 
accordance with the DBV operations checklist. 

(4) The water application truck is calibrated 
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to assure that 0.1 inch of water is applied as the truck 
passes abreast of any given point. Calibration procedures 
follow: 

(a) The DBV data recorder insures that 
the AFCEC spray bar is properly attached to the rear of the 
water truck (12 inches above ground level and centered on 
truck) and he proceeds with the water truck crew to the most 
suitable flightline water servicing point. The flow meter is 
connected to the service hydrant and sufficient hose is con¬ 
nected to the outlet side of the flow meter for servicing the 
water truck. 

(b) The pump operator starts the pump 
engine and discharges water through the spray bar at a rate 
that will not cause water to spray six inches past each end 
of the spray bar (eight feet). Note the pump discharge pres¬ 
sure reading and/or engine tachometer reading. The pump 
engine reading(s) cannot be allowed to fluctuate, in order to 
maintain constant water flow through the spray bar. 

(c) Reservice the water tank to full 
capacity before the start of each calibration run. 

(d) Proceed to the runway. The DBV 
paces the water truck at 5.5 MPH and the driver notes the 
tractor's tachometer setting for maintaining a speed of 5.5 
mph. 

(e) As soon as the desired tachometer 
setting is determined, the DBV proceeds to the rear of the 
water truck and the pump engine is throttled at a setting 
slightly above the pre-established pump engine setting(s). 
The DBV signals the pump operator by flashing the DBV head¬ 
lights to begin discharging water through the spray bar. 
The DBV operators measure the actual width of the water lay 
as the water truck transverses the calibration area. 

(f) Just prior to 2,000 feet of water 
discharge, the DBV driver signals to the pump operator to 
shut-off the water by flashing the DBV headlights. The DBV 
operator determines the distance of discharge and the time 
required for discharge using the vehicle instrumentation. 

(g) The water truck proceeds immediately 
to the service point and the amount of wa#er discharged is 
determined by measuring the refill quantity with the flow 
meter. 

(h) Calculate the required tractor 
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speed in revolutions per minute (rpm) to place the necessary 
volume of water utilizing the two water discharge computation 
work sheets (see Appendix L, Forms ?. and 3). 

(i) Return to the runway and make 
another calibration run to verify the revised tractor speed. 
NOTE: If a substantial decrease in speed is required, the 
water pump output should be increased. 

(5) Mu-Meter personnel measure pavement 
texture, utilizing the NASA developed grease smear method 
(Ref 14) in accordance with the following procedures: 

(a) Apply 15 cc (0.91 cubic inches) 
of grease to an area between two strips of masking tape 
laid four inches apart with one end masked off, forming a 
"U" shape. 

(b) Work the grease into the surface 
voids with a rubber squeegee that has a hardness approximately 
equivalent to that of tire tread rubber. 

(c) After the grease is evenly spread 
between the strips of masking tape, measure the area covered 
(4 inches times the length of spread). 

(d) Determine the average texture depth 
of the surface which is equal to the volume of grease (15 cc) 
divided by the area covered. 

(6) At the completion of DBV dry stop testing 
and water truck calibration, the DBV is released for tire 
changing. 

d. Wet Testing (4 hours): 

(1) Time hack is made (Mu-Me'er, DBV and 
Team Chief). 

(2) The DBV data recorder accompanies the 
water truck to the runway and rebriefs water truck crew. 
Additionally, he accompanies the driver during the first water 
lay to insure all operations are correctly performed. 

(3) The PSET chief places traffic cones to 
denote the location of each test section. Two traffic cones 
approximately 10 feet abreast of one another are used to 
designate the beginning and end of each test section and a 
single traffic cone is used to designate the DBV brake-on- 
point (placed on the driver's side). NOTE: The testing 
priority will normally be the primary touchdown test section, 
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interior test section closest to the primary end of the run¬ 
way, secondary touchdown area test section, edge test section 
and interior test section closest to the secondary touchdown 
end of the runway. 

(4) PSET chief instructs vehicle operators 
to begin their applicable checklists and start water truck 
through the test section. 

(5) When the water truck completes the first 
water lay, the truck returns to the beginning of the test sec¬ 
tion and immediately proceeds through the test section for the 
second water lay. NOTE: Application of water is always made 
in two passes, each applying 0.1 inch of water. The total 
application of 0.2 inch of water within a 15 minute time per¬ 
iod simulates a heavy rainfall rate of approximately 0.8 inch 
per hour. 

(6) The PSET chief records, during the second 
water lay, the times that the water truck passes abreast of 
the entry, DBV brake-on and exit points. He also starts the 
DBV on its first test run when the water truck has transversed 
a safe distance into the test section. Based on the DBV brake- 
on-point placed 300 feet from the beginning of the test section, 
the PSET chief can use the following guide for determining when 
the DBV should start: 

TYPE OF TEST SECTION DISTANCE WATER TRUCK HAS TRANSVERSED 

Rubber Deposit 1400 feet 
Interior or Edge 1000 feet 

The DBV driver applies brakes abreast of the single traffic 
cone. As soon as the DBV comes to a complete stop, a traffic 
cone is placed abreast of the DBV on the recorder's side of 
the vehicle to designate the brake-on-point for the return 
run. All data are recorded (velocity at wheel lock-up, dis¬ 
tance of skid, time of wheel lock-up and time DBV came to a 
complete stop) and the DBV turns sharply out of test section, 
accelerates past water truck and positions for return run. 

(7) The PSET chief starts the Mu-Meter when 
the water truck is approximately*200 to 300 feet from the end 
of the test section. The Mu-Meter conducts all runs at 40 mph 
and the driver events or "blips" the roll chart paper as he 

A passes abreast the traffic cones. Two event marks indicate 
the test section ends and one event mark is used to designate 
the DBV section. The data recorder records the time the Mu- 
Meter enters and exits the test section, and operates the read¬ 
out counter. 
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(8) As soon as the Mu-Meter clears the test 
section, the DBV makes a return run going in the opposite 
direction of travel from the first run and locks the brakes 
at the point the DBV came to a full stop during the first 
run. Once the DBV is clear of the section, the Mu-Meter 
begins its second pass. The DBV makes as many runs as possible 
until the tires squeal or smoke (normally an SDR of 1.3 to 
1.5). If it appears the DBV can make runs up to 30 minutes, 
the runs will be spaced so that a total of 20 runs can be 
accomplished. The Mu-Meter will make continuous runs until 
the pavement returns to a friction coefficient of 0.5. Both 
the DBV and Mu-Meter must make runs at five minute intervals. 
NOTE: Data sampling must be taken at intervals not greater 
than every five minutes in order that the computer analysis 
program properly curve fits input data.) 

(9) The PSET chief computes a reference 
time for determining the 30 minute testing interval. The 
reference time is the time the water truck passes the mid¬ 
point of the test section during the second water lay and 
is calculated by taking the average time between the times 
the water truck enters and exits the test section. The re¬ 
ference time is relayed by radio to the DBV and Mu-Meter data 

recorders. 

(10) The PSET chief obtains weather informa¬ 
tion (ambient temperature, dew point, wind speed/direction) 
from the control tower. 

(11) The PSET chief accompanies the water 
truck to the service point and monitors reservicing. He 
records amount of water required to reservice the water truck 
to insure that correct amount of water was laid. 

(12) The PSET chief places traffic cones on 
the next section and starts the water truck just prior to 
completing DBV and Mu-Meter testing on the previous test 

section. 

C. Data Collection: Data are recorded on special forms 
which are designed in“such a manner that they require minimum 
additional effort for preparing the skid resistance computer 
analysis package. 

1. Slope Measurement Data Collection Form: All 
measured transverse and longitudinal slopes are recorded on 
this form (see Appendix L, Form 11). 

a. Transverse Slope Measurements: Transverse 
slope measurements encompass tne normal aircraft wheel path 
area, 20 feet each side of the marked centerline and the edge 
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test section. Positive transverse slopes indicate water 
drainage away from the marked centerline vjhile negative 
slopes indicate water drainage towards the marked runway 
centerline. Station number 0+00 starts at the threshold of 
the primary approach end of the runway. 

b. Longitudinal Slope Data: Positive longitudinal 
slopes indicate water drainage away from the primary approach 
end of the runway (station number 0+00) while negative slopes 
indicate water drainage toward the primary approach end of the 
runway. 

2. Water Truck Forms: 

a. Briefing Checklist: A checklist for briefing 
the crew operating the water truck is included in Appendix L, 
Form 1. 

b. Water Discharge Requirements: The "Water Dis¬ 
charge Corresponding to Varying Spray Bar Lengths" form (see 
Appendix L, Form 3) is used to determine the quantity of 
water required to wet a 1,000 foot section to a depth of 
0.1 inch. 

c. Water Truck Speed and Time Computation Form: 
This worksheet (see Appendix L, Form 2) is used to compute 
the desired tractor rpm setting for required water discharge 
based on calibration water lays. This worksheet is also used 
to calculate the time required to place the required volume 
of water on a test strip. 

3. Mu-Meter Data Collection Forms: 

a. Mu-Meter Runs on Dry Pavement : Appendix L, 
Form 7 shows this data sheet which has provisions for recording 
the run designator number, the time of run (to the nearest 
minute), the Mu-Meter integrator reading (counter "C") and 
the Mu-Meter distance reading (counter "B"). The run desig¬ 
nator number is a six digit designator - two alpha digits to 
designate the section, two numerical digits to designate the 
run sequence number, one alpha digit to designate the condition 
of the pavement (wet or dry) and one alpha digit to designate 
the direction of the vehicle (north, east, south, or west). 
For example, a run designator number of AA04DE indicates a run 
in Section "AA", run number four, pavement condition dry and 
vehicle traveling in an easterly direction. The form has 
provisions for recording four dry Mu-Meter runs on any given 
test section. 

b. Mu-Meter Runs on Wet Pavement: Appendix L, 
Form 9 shows this data sheet which has provisions for recording, 
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data for a maximum of 20 runs. It contains entry blanks for 
run designation number, the times that the Mu-Meter enters 
and exits the test section (to the nearest second), remote 
readout unit counter "C" and ”B" readings, and the minimum 
and maximum friction coefficients (Mu). 

4. DBV Data Collection Forms: 

a. DBV Runs on Dry Pavement : Appendix L, Form 8 
shows this data sheet which has provisions for recording the 
run designator number, the time of run (to the nearest minute), 
the velocity of tie DBV at time of wheel lockup and the dis¬ 
tance transversed during the skid. This form has entries for 
recording four dry DBV runs in a single test section. 

b. DBV Runs on Wet Pavement : Appendix L, Form 
10 shows this data sheet which has provisions to record data 
for 20 wet runs. It contains entries for the time the DBV 
initiates wheel lockup (to the nearest second), the time the 
DBV comes to a complete stop, DBV speed at time of wheel lock¬ 
up and the distance that the DBV transversed during the skid. 

5. Test Section Layout Form: Appendix L, Form 4 
is used to locate the test sections in relation to the run¬ 
way remaining distance markers, thresholds and marked center- 
line. The form has provisions for recording the location and 
extent or rubber deposit areas, and grease smear test results. 

6. Computer Analysis Data Recording Forms: 

a. Header Card Form: Appendix L, Form 5 is 
used to provide essential information to the computer analysis 
package including the base name, the number of sections tested, 
and runway designator number. It also contains entries that 
designate which test section data will be combined to give 
overall ratings for the primary touchdown area, the central 
interior portion of the runway, the secondary touchdown area, 
and the runway edge. When designating the test sections to be 
combined, a space before and after the single test section 
letter designated is skipped unless the section is designated 
by a double letter, such as "AA". 

b. General Information, Weather § Water Record 
Form: Appendix Fi Form 6 is used to record the test strip 
designation and description (rubber, interior, or edge section), 
weather data (ambient temperature, dew point, wind velocity and 
direction), the time the water truck passes abreast of the 
test section ends and DBV brake-on point, section length, the 
number of dry and wet runs by the Mu-Meter and DBV, and the 
date of testing. 

As stated earlier, the special data D. Data Collation: 
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collection forms are arranged so that minimum effort is re¬ 
quired in preparing input information for the computer analysis 
package. The correct order of the data collection forms for 
inputing data is as follows: 

1. Header Card Form 1/3. 

2. The following forms must be repeated in the 
sequence shown for each test section: 

a. General information, weather, and water record. 

b. Mu-Meter runs on dry pavement. 

c. DBV runs on dry pavement. 

d. Mu-Meter runs on wet pavement. 

e. DBV runs on wet pavement. 

3. Pavement slope measurements. 

E. Test Results Interpretation: 

1. Rating Tables: The pavement skid resistance re¬ 
sults are reported in terms of Mu (friction coefficient), as 
measured by the Mu-Meter, and SDR, the wet to dry (300 feet) 
stopping distance ratio as measured by the DBV. Test results 
are compared with the skid resistance/hydroplaning potential 
tables (see Table 2) . These rating tables were developed from 
data obtained dur-ing the joint NASA-Air Force-FAA test (Com¬ 
bat Traction II, Phase I). Figures 25 and 26 show the boundary 
condition in terms of SDR and Mu when wheel lockups were ex¬ 
perienced by the B-727. The computer output provides 3, 15, 
and 30 minutes Mu and SDR values after the "zero" water time. 
These skid resistance values are derived from third degree 
polynomial equations obtained from field data. The "zero" 
water time for each test section is the time the water truck 
passes the mid-point of the test section during the second 
water pass. The mid-point of the test section for the Mu- 
Meter is halfway between the beginning and end of the test sec¬ 
tion, whereas the mid-point of the test section for the DBV 
is the halfway point between the DBV brake-on-point and the 
end of the test section. The "zero" water time is determined 
by averaging the time the water truck passes the applicable 
points. An important feature of the computer analysis package 
is the calculation of SDRs. All wet stopping distances are 
normalized to 60 mph brake application speed when the brake- 
on speed is different than 60 mph by the equation: 
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V2 
60 

V2 
B 

(HQ 6) 

Where: = normalized DBV stopping distance from 60 mph, feet. 

SD = DBV stopping distance during test run, feet. 
D 

Vg = DBV brake-on speed, mph. 

VgQ = 60 mph. 

2. Friction Variation: Friction coefficient versus 
distance traces as recorded by the Mu-Meter indicate the 
relative slipperiness of a pavement surface. Figure 27 shows 
typical Mu-Meter traces for rubber coated 2,000 foot test 
sections. Sharp dips in the curve indicate lower friction 
values which can result from surface contaminants (oil, JP-4, 
etc.), localized water ponding, and airfield markings (paint). 

F. Skid Resistance Survey Report: The Skid Resistance 
Survey Report summarizes the significant field data (see 
Appendix K, example report). A computer analysis package 
processes all field data to eliminate the manual calculation 
and plotting of data points, as well as increasing accuracy and 
speed. The computer products consist of pavement rating tables, 
weather data summary, tables summarizing all test results and 
recovery graphs. Each summary table contains complete infor¬ 
mation pertinent to a single test section: section designation, 
run number, surface condition heading, wetting, average Mu 
value, maximum and minimum Mu values, and SDRs. The recovery 
curves graphically depict the pavement recovery characteristics 
for the climatic and pavement conditions at the time of testing. 
These curves are derived by a third degree polynomial regression 
curve-fitting process utilizing field data. 

IV. DISCUSSION: 

A. Analysis of DBV Test Data: 

1. Dry DBV Stopping Distance: Dry stops were accom¬ 
plished on all runwayswhen weather conditions permitted. Sixty 
six (66) DBV dry stops were accomplished on ungrooved PCC pave¬ 
ment and the dry stopping distances ranged between 274 and 
378 feet, with an arithmetic mean of 324.1 feet. Fifty-seven 
(57) DBV dry stops were accomplished on ungrooved AC pavement 
and the stopping distance ranged from 274 to 348 feet, with 
an arithmetic mean of 313.2 feet. For grooved PCC pavement, 
the stopping distances ranged from 285 to 320 feet, with an 
arithmetic mean of 306.6 feet (five dry stops) and for one 
grooved AC pavement the stopping distance was 309 feet. The 
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arithmetic mean for all dry stops was 318.5 feet. Figure 28 
is a histogram derived from all DBV dry stopping distance 
data on PCC and AC pavements. The DBV dry stopping distance 
is normally increased if rubber deposits accumulate on the 
pavement surface. Figure 28a is a histogram derived for all 
DBV dry stops on PCC and AC nonrubberized pavement surfaces 
(interior and edge test sections). For PCC pavements, the 
dry stopping distances ranged from 274 feet to 349 feet, 
with an arithmetic mean of 317.8 feet, and for AC pavements, 
the dry stopping distance ranged from 284 feet to 350 feet, 
with an arithmetic mean of 313 feet. The arithmetic mean 
for all dry stops on nonrubberized pavements was 314.7 feet. 
Data indicate that on both AC and PCC pavements a 300 foot 
stopping distance would be considered a very good response 
and 300 feet appears to be a valid choice for a standardized 
dry stopping distance. A standardized dry stopping distance 
is required in order to compare and rank order the skid re¬ 
sistance characteristics of runways utilizing SDR rating 
tables. [Recently a base (Webb AFB), where an emulsion had 
been applied to preserve the asphalt surface, was tested; 
however, this surface treatment resulted in excessively long 
stopping distances (dry: approximately 600 feet; wet: approx¬ 
imately 1,200 feet). Therefore, if the SDR was computed using 
the actual dry stopping distance (600 feet), the runway would 
have been rated as having satisfactory skid resistance"charac¬ 
teristics (SDR of 2.0); however, this tunway exhibited ex¬ 
tremely poor skid resistance properties and if a dry stopping 
distance of 300 feet is used to compute the SDR, the resulting 
value of 4.0 would signal unacceptable traction properties 
for the runway which was the actual case.] 

2. Analysis of SDR Data: 

a. Primary Touchdown Area: Table 3 lists all 
test results for primary touchdown or rubber deposit areas 
and is arranged in a descending order or potential for hydro¬ 
planing. All data were obtained from Runway Skid Resistance 
Survey Reports utilizing the three minute SDR values (Data 
Summary Pavement Rating Tables). Analysis of the data indicates 
that the slipperest primary touchdown areas are at Air Force 
installations where large/heavy aircraft operate, such as B-52, 
C-5, C-141, and KC-135 aircraft. On PCC pavements, 31 out of 
34 touchdown areas exhibited hydroplaning potential (see 
Figure 29) with an arithmetic SDR mean of 2.86. On AC pave¬ 
ments, the majority of the primary touchdown areas also show 
some degree of hydroplaning potential with an arithmetic SDR 
mean of 2.87. Thus, regardless of pavement type, the majority 
of primary touchdown (rubber deposit) areas exhibit hydro¬ 
planing potential, and the arithmetic SDR means for PCC and 
AC pavements are nearly identical. 
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b. Central Interior Area: The central interior 
area of tlu runway is "normally where aircraft perform their 
primary braking. Normally aircraft deceleration is accom¬ 
plished initially using aerodynamic braking (drag chute, 
spoilers, reverse thrust, high angle of attack) followed by 
wheel braking. Therefore, it is imperative that the central 
interior portion of a runway exhibit good skid resistance 
properties. On PCC pavements, 12 out of 19 runway central 
interior areas showed some degree of hydroplaning potential 
(see Figure 30) three minutes after water application. How¬ 
ever, on AC pavements the reverse is true in that the majority 
of AC pavements do not exhibit potential for hydroplaning 
(30 out of 37 pavements do not exhibit potential for hydro¬ 
planing three minutes after water application, see Figure 30). 
The results of these tests were anticipated since AC pavements 
normally have greater surface asperities or texture than PCC 
burlap drag pavements. It should be noted, that the shortest 
wet stopping distance was recorded on a new wire-combed PCC 
pavement at Shaw AFB, South Carolina (see Table 4). 

3. DBV Velocity Versus Time Traces: 

a. Background: The surface texture (sometimes 
referred to as surficiT asperities or roughness) significantly 
influences the skid resistance characteristics of a pavement. 
Texture performs two functions in regard to skid resistance: 
(1) it facilitates the expulsion of water between the tire- 
pavement interface and (2) it produces resistance to motion 
(hysteresis effects in the tread rubber - energy loss [heat] 
that occurs as the rubber is alternately compressed and ex¬ 
panded) . For AC pavements, texture is primarily influenced 
by the size and type of aggregate, while for PCC pavements, tex¬ 
ture is normally controlled by the finishing method such as 
burlap drag, wire-combed, etc. Texture of a pavement is usually 
described in terms of the pavement's microtexture and macro¬ 
texture. Microtexture refers to the surface coarseness as 
controlled by the size of individual mineral grains and the 
matrix in which they are bonded (such as gritty sand paper); 
whereas, macrotexture refers to the ability of the surface to 
expel bulk water and it is associated with the angularity of 
the aggregate particles and the voids in the pavement. Micro¬ 
texture governs the ability of the pavement surface to break 
through thin water films after the bulk water has been dis¬ 
placed and reduces the potential for viscous hydroplaning. 
Figure 2 suggests that viscous fluid pressures (influenced by 
microtexture) significantly rise to approximately 0.4 times 
the dynamic hydroplaning speed and then tend to level out. 
In the case of dynamic hydroplaning, the dynamic fluid pressures 
developed under the tire footprint significantly rise (square 
of the speed) as the vehicle approaches the total dynamic hydro¬ 
planing speed. The theoretical total dynamic hydroplaning 
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speed of the DBV is approximately 51 mph. Therefore, if the 
performance of the DBV can be determined through the various 
speed ranges, the data should reflect the interface of the 
pavement macro-micro texture. At higher DBV speeds (51-60 
mph) the DBV performance should reflect the potential for 
hydroplaning (influenced by macrotexture ability to expel 
bulk water), while the performance of the DBV at intermediate 
speeds should reflect a combination of dynamic and viscous 
hydroplaning potential, and the performance of the DBV at lower 
speeds (20 mph and less) should reflect the potential for 
viscous hydroplaning (microtexture). 

b. DBV Velocity Versus Time Records: Figures 31- 
34 are velocity versus time histories obtained from test records 
at Travis AFB, McChord AFB, Malmstrom AFB, Mather AFB, and 
Andrews AFB. Figure 35 is a velocity versus time history of 
a tare run (unbraked deceleration). The time history data in 
all figures are normalized to a zero velocity time base for 
each test run. These curves show very interesting relation¬ 
ships for both wet and dry conditions. 

(1) Dry Stops : On dry surfaces the DBV will 
decelerate in approximately eight seconds from 60 mplv^to a 
complete stop. The slope of the line (deceleration) rs, nor¬ 
mally greater at higher speeds than at slower speeds (see 
Figure 33). When the brakes are applied, all the kinetic energy 
developed by the DBV is absorbed in a small contact patch on 
each of the two test tires and energy loss is in the form of 
heat. Figure 6 suggests that the braking coefficient decreases 
when the tire tread temperature is increased which explains 
the reason for some loss of deceleration at the lower speeds 
(Ref 10) . 

(2) Wet Stops: On wet pavements, several con¬ 
clusions can be drawn. First, for those pavements which have 
both good micro- and macro texture, the velocity versus time 
history curves for wet stops should cross the velocity versus 
time history curves for dry stops (see Figure 34, Section "CC") . 
This may not seem reasonable because the performance of the 
DBV should be better when the pavement is dry than when it is 
wet. However, on wet pavements, the water tends to cool the 
tire and thus increases the frictional coefficient, resulting 
in greater deceleration. On pavements where the texture is 
relatively smooth, such as for rubber deposit areas, the velo¬ 
city versus time history curves (see Figure 31, Sections "A" 
and "AA”) do not approach or cross over the dry stopping 
curves. This indicates that the primary touchdown or rubber 
deposit areas do not have satisfactory micro- or macrotexture 
(potential for viscous and dynamic hydroplaning). On pavements 
where there is flooding, but the pavement has good microtexture 
the curves should look similar to Figure 31, Section "C". This 
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curve indicates that the pavement does not have the ability 
to rid itself of bulk water (which was the actual condition 
due to poor transverse gradient); however, at lower speeds, the 
curve crosses over the curye for dry stops indicating good 
pavement microtexture. Thus, the velocity versus time his¬ 
tory curves provide a means for assessing the potential of 
dynamic and viscous types of hydroplaning. 

4. DBV Braking Friction Coefficient: The DBV braking 
friction coefficient (u TTTPis determined by applying Newton's 
second law of motion: s 1 

MA (EQ 7) 

Where: M 
A 
W 

mass of the body, which is equal to W/g 
deceleration of the body, 
weight of body, 
gravitational deceleration. 

The horizontal resisting forces acting on the DBV during a 
skid are the frictional forces between the tires and pavement, 
air resistance, transmission drag and incremental deceleration 
forces due to runway gradient. Therefore, the following 
relationships are derived: 

p.|a y W (EQ 7a) 

frictional forces of locked wheels + 
frictional forces of rolling wheels + 
drag forces 

hgty) + Mj,('2’)+D 
w. (EQ 7b) 

Where: 

s 

3v/3t 

f + D] 
g [ T~ Wj 
2 [3v/3t- 

hg = - T hr 
T 

y 
g 

Tare (EQ 8) 

= A 

h s 

deceleration of the DBV, ft/secz. 
braking friction coefficient. 

ur = rolling resistance of the unbraked wheels. 
D = drag forces = air resistance and transmission 

drag, lbs. 
Tare * DBV unbraked deceleration, ft/sec. 

If a runway has longitudinal slope then the equation becomes: 

2[^ski,/e’litare/8 ^ 
(EQ 8a) 

Where L * is the incremental deceleration or acceleration due 
to longitudinal runway gradient. 
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For uphill gradients, the deceleration is approximately O.Olg 
for each one percent increase in gradient. For downhill gra¬ 
dients the sign of L must be reversed since the DBV is accel¬ 
erated. The deceleration of the DBV can be determined from 
the velocity versus time records since deceleration is the 
slope of the velocity versus time curve. The DBV also pro¬ 
vides a means for computing the average braking friction 
coefficient assuming that the kinetic energy of the DBV is 
totally dissipated in producing work against the frictional 
resistance of the pavement tire contact area. The following 
expressions are presented to derive the braking frictional 
coefficient: 

Where 

1/2MV2 = 1/2 -V2 
ë 

F = MA = ybW 

V = s/t 

A = v/t = s/t2 

M = mass of the DBV , lb-sec2/ft- 
V = initial velocity of the DBV, mph 

(EQ 9) 

(EQ 7a) 

(EQ 10) 

(EQ 11) 

W = weight of the DBV, pounds, 
g = gravitational constant, 32.2 ft/sec2, 

y. = average braking frictional coefficient. 
F = force opposing the force of friction, pounds. 
S = stopping distance of the DBV, feet. 
T = time required to stop the DBV, seconds. 

The expression for the kinetic energy of a body can be re¬ 
written in terms of: 

1/2(¾ V’ = 1/2 (¾ (I)2 (EQ 9a) 

A (EQ12) 

IgJ 
thus : 

If the DBV is braked at 60 mph, then the above expression 
becomes: 

^b 
240.5 

S 
(EQ 12a) 

In the case of a 300 foot dry stop (the standardized dry 
stopping distance), the average braking friction coefficient 
is 0.8017. In terms of SDR, where 300 feet is taken as the 
standard dry stopping distance, the above expression becomes 

0.802 
“SDR" 

(EQ 12b) 

Where: SDR * 
S 
300 
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5- USAF DBV Correlation with Other DBVs: PSET con¬ 
ducted traction surveys at several airfields that were pre¬ 
viously tested under Projects Combat and Concrete Traction. 
Table 6 is a comparison of data from the three programs and 
Figure 36 shows the relationships between the three programs. 
Examination of Figure 36 reveals significant data dispersion. 
However, the data dispersion was anticipated due to several 
factors. First, the pavement surface had been naturally and 
mechanically altered since first tested; e.g., Cannon AFB and 
Shaw AFB had their runways grooved and the rubber deposit 
areas at Blytheville AFB had changed with time. Secondly, 
different water application procedures were utilized in all 
three programs, and the time that DBV measurements were taken 
after water application differ; i.e.. Combat Traction DBV 
runs were accomplished approximately 7 to 8 minutes after 
water application. Finally, seasonal changes have had some 
effects on the skid resistance characteristics of the pave¬ 
ments. Research by the Arizona Highway Department indicates 
that a pavement will have different frictional characteristics 
during different times of the year (Ref 15). 

6. USAF DBV Correlation with NASA DBV: During Oct 
73, the USAF DBVparticiapted in the FAA-Concorde special 
condition landing requirement evaluation tests at Roswell, 
New Mexico. Figure 37 shows the comparison of the NASA DBV 
(1969 Ford XL sedan, weight of 5520 lbs) and the USAF DBV 
(1971 Plymouth Satellite station wagon, weight of 4880 lbs) 
when the two vehicles were tracking one another on the Roswell 
Industrial Air Center burlap drag finished PCC runway. Com¬ 
parative tests were conducted on 24 and 25 Oct 73 when sand 
bags were added on several runs to the USAF DBV to equalize 
its operational weight with the NASA DBV. Varying the weight 
of the USAF DBV appears to have reduced the data scatter 
slightly. The SDRs plotted on Figure 37 are the actual wet 
stop distance (normalized to 60 mph) divided by the actual 
dry stop distance obtained on the Roswell runway. The majority 
of the data points are below the line of perfect correlation 
indicating that the NASA DBV normally shows the runway to be 
slipperier than the USAF DBV. This is an important factor 
in the USAF program since the AFWL Pavement Rating Table is 
predicted on the Combat Traction II test data as measured by 
the NASA DBV. 7 

B. Analysis of Mu-Meter Data; 

1: Dry. Mu-Meter Runs: During the first year of AFCEC 
skid testing operations, Mu-Meter dry runs were not conducted 
due to scarcity and nonavailability of test tires. However, 
the average dry Mu-Meter readings are obtained for each run¬ 
way by reviewing the historical data traces for the pavement 
just prior to entering and after exiting the wet test sections, 
pie Mu-Meter readings normally range between coefficients of 
0.78 and 0.90. 
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2. Primary Touchdown Area: Table 3 lists all test 
base results for primary touchdown or rubber deposit areas. 
Figure 29 depicts the data for both PCC and AC pavements in 
the form of a histogram. On PCC pavements, the majority of 
the touchdown areas (19 out of 29) exhibit potential for 
hydroplaning and the arithmetic Mu-Meter reading mean is 
0.36, the same as for PCC pavements. 

3. Central Interior Area: Table 4 lists all test 
base results for the central interior portion and Figure 30 
is a histogram of Mu-Meter data obtained on the primary air¬ 
craft braking area. The data indicate that the majority of 
the runways tested do not exhibit hydroplaning potential ~>n 
the central interior portions of the runway. On PCC pave¬ 
ments 11 of 15 central interior areas do not exhibit potential 
for hydroplaning three minutes after water application and 
the arithmetic Mu-Meter reading mean for these pavements is 
0.55. On AC pavements, 29 of 34 central interior areas do 
not exhibit potential for hydroplaning three minutes after 
water application and the arithmetic Mu-Meter reading mean 
is 0.62. 

C. Analysis of Texture Measurements: 

1. Correlation Between Texture and SDR: Figure 38 
is a plot relating first run SÖRs (table 5) and the pavement 
texture as measured by the grease smear method. The DBV 
data are plotted as 1/SDR in order that the origin of the 
graph has like values (0,0). The data spread for highly 
textured pavements is considerable; e.g., for textures be¬ 
tween 0.018 inch (equates to 12.5 inches grease smea-r) and 
0.032 inch (equates to a 7 inch grease smear), the SDR values 
range from 1.2 to 3.0. However, when the pavement texture is 
relatively smooth (0.016 inch or less), the majority of data 
points lie below the suggested hydroplaning potential 1/SDR 
value of 0.5. Since the primary purpose of the texture 
measurement program is to determine if the grease smear method 
can assist base personnel in arriving at a decision on when 
to remove rubber deposits, pavement texture versus 1/SDR is 
shown separately in Figure 39 for rubber deposit areas. In 
the majority of cases where the pavement texture is less than 
0.016 inch (equates to a grease smear of 14 inches), potential 
for hydroplaning exists, even if the runway transverse slope is 
greater than one percent. When the texture is greater than 
0.016 inch, but less than 0.036 inch, it is not possible to 
accurately predict the potential for hydroplaning solely on 
the basis of a grease smear test method (see Figure 38). 
Therefore, the data indicate that the grease smear procedure 
can predict potential for hydroplaning only when the surface 
texture is relatively smooth. 
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2* Correlation Between Texture and Mu: Pavement 
texture versusFriction coefficlent (Mu) as measured by the 
Mu-Meter is shown in Figure 40. Approximately the same dis¬ 
persion of data points occurs for the Mu plots as was noted in 
the 1/SDR plots. Examination of Figure 40 indicates that when 
the texture is greater than 0.016 inch, it is not possible to 
predict potential for hydroplaning. However, Figure 41 (pave¬ 
ment texture versus Mu for rubber deposit areas) again indi¬ 
cates that when the texture is less than 0.016 inch, there is 
possible potential for hydroplaning. 

3- Correlation With Other Test Efforts: Figure 42 
shows the correlation between the aPceCT/ Concrete Traction 
and Combat Traction grease smear texture measurements. Exam¬ 
ination of Figure 42 indicates that significant dispersion 
exists among all measurements. However, it was not possible 
to ascertain the exact location where measurements were taken 
during the Combat and Concrete Traction programs and some 
runways have subsequently had their surfaces altered. For 
example, the runway at Myrtle Beach AFB had a sand slurry 
placed during 1971 and the measurements made by the AFCEC 
PSET did not correlate with Combat Traction data as expected. 
However, the Concrete Traction and PSET measurement corre¬ 
late extremely well on this runway. Out of 16 comparative 
measurements between the Combat Traction and AFCEC PSET pro¬ 
grams, fifty percent of the measurements fall within a three 
inch grease measurement smear of one another. The FAA traction 
team reportedly has discontinued the grease smear measurement 
program since a runway surface is not homogeneous and a multi- 
tude of different readings can result on the same runway. (Ref 
26). Experience has shown that the selection of test loca¬ 
tions does significantly influence the measurement since the 
surface aggregate gradation on different portions of the run¬ 
way can vary considerably. On the Travis AFB primary approach 
runway, the DBV wet stopping distance was very high (first run 
by DBV was aborted since the vehicle traveled a distance 
greater than the test section length); however, the measured 
texture depth was greater than in comparison to other rubber 
deposit areas since the Travis AFB touchdown area had voids or 
pits in the rubber coated surface. Also the dispersion of 
data may be attributed to the fact that since a runway surface 
does not have homogeneous texture, the measurements are not a 
true average representation of the pavement texture. However, 
as the pavement surface texture becomes smoother, the selection 
of a site for the measurement becomes less important for pur¬ 
poses of predicting hydroplaning potential. 

„ D. Relationship Between Potential for Hydroplaning and 
Cross slope;The ability of a pavement surface to rid 
itself ofbulk water is a very important skid resistance con¬ 
sideration since potential for dynamic hydroplaning is directly 
related to the amount of bulk water present. Figure 43 is a 
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histogram showing the relationship between pavement slope 
and potential for hydroplaning based on data taken immediately 
following water application (data obtained from Table 5). 
Examination of data indicates that pavement slope in itself 
does not eliminate or substantially reduce potential for 
hydroplaning immediately following water application and it 
is not possible to correlate pavement slope and potential 
for hydroplaning using this analysis» Figures 43a and 43b 
are histograms showing the relationship between pavement 
slope and texture for various SDR and Mu ranges immediately 
following water application. Tests conducted by AFWL (Ref 
18) and the Arizona Highway Department (AHD) (Ref 15) have 
shown that when a minimum quantity of water (0.005 inch for 
self watering systems and 0.05 inch for water flooding systems) 
is applied to a pavement, the minimum Mu is developed and an 
increase of water depth will not cause a substantial decrease 
in skid resistance properties as sensed by the Mu-Meter. Ihere- 
fore, pavement slope significantly influences the recovery 
characteristics of the pavement. Normally, when a surface has 
relatively good texture and cross slope, measurements made by 
the DBV are discontinued 10-15 minutes after water application 
to reduce tire wear when the runway has recovered to nearly 
a dry condition. However, when the runway does not have 
sufficient transverse slope to shed the bulk water, even 
where the surface has extensive asperities, the pavement will 
not show significant recovery. This situation was found on 
the Aviano AB, Italy asphaltic runway. Visual assessments 
indicate that transverse slope is probably the single most 
important factor for expelling bulk water from pavements with 
the exception of porous friction course asphalt or grooving 
treatments. Once the bulk water is removed from the pavement 
surface, then environmental factors determine to a great ex¬ 
tent the remaining recovery characteristics. It should be 
noted that protruding joint seal material can restrict water 
run off and act as a dike resulting in localized water ponding. 

E. Relationship Between DBV and Mu-Meter: Considerable 
testing has been performed over the past several years to 
determine what, if any, correlation exists between different 
friction measuring devices. In fact, it now has become 
standard procedure to correlate measuring devices whenever 
they are involved in skid measurement programs and normally 
these tests reveal poor correlation between the different 
devices. However, this is expected since the operational 
modes of the measurement devices are entirely different; e.g., 
locked wheel, side slip, constant slip, variable slip, etc. 
Poor correlation was achieved between the DBV and the Mu-Meter 
in the AFCEC testing program as shown in Figures 44 through 47. 
Examination of Figures 44 through 46 reveals that for a particu 
lar test section there is an apparent correlation between the 
DBV and the Mu-Meter, but when data from several test sections 
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are combined and compared for the same runway, considerable 
dispersion is evident. All data points from Figures 44-46 
are plotted on Figure 47 and the spread of data becomes very 
apparent and significant. 

1. The data illustrated in Figures 44-46 were selec¬ 
ted because they represented the greatest range of SDR and Mu 
readings over a 30 minute time interval. The Mu-Meter read¬ 
ings (Mu) were taken directly from the historical record 
charts for only that portion where the DBV measurements were 
recorded. The data dispersion shown in Figure 47 is very 
signifie? t since in the majority of tests the Mu-Meter in¬ 
dicates less hydroplaning potential for a given equivalent 
SDR value based on the AFWL measurement standard (see Table 
2). For example, a SDR value of 2.0 (1/SDR = 0.5, breakpoint 
for possible hydroplaning potential), the Mu-Meter readings 
range from Mu values of 0.55 to 0.8 and for a Mu value of 
0.5 (breakpoint for possible hydroplaning potential), the SDR 
readings range from 2.5 (possible hydroplaning) to 4.2 (ex¬ 
tremely high hydroplaning potential). Therefore, these two 
measuring devices assess the hydroplaning potential differently 
on the same pavement surface. It should be noted that an 
SDR value of 2.0 (1/SDR * 0.5) does not necessarily equate to 
a Mu reading of 0.5; however, these values are the hydro¬ 
planing potential rating breakpoints based on Combat Traction 
II, Phase I data. 

2. The question then arises as to which measuring 
device better assesses the skid resistance properties of a 
runway. Since the present program is based on very limited 
aircraft and vehicle correlation testing, namely B-727 flight 
test data, analyses of field test measurements and reported 
hydroplaning mishaps are the only other means to determine 
which device can better assess the hydroplaning potential for 
a runway. To date, the AFCEC PSET has tested only two bases 
where the touchdown areas did not have significant rubber 
deposit accumulation to influence overall braking capability, 
and pilots have reported suspected hydroplaning (England AFB 
and Soesterberg AB, The Netherlands). The skid resistance 
values three minutes after water application were: SDR of 
2.66/Mu of 0.46 at England AFB and SDR of 2.29/Mu of 0.53 at 
Soesterberg AB. Therefore, based only on these limited data, 
the DBV appears to better assess potential for hydroplaning. 

F« Correlation Between Mu-Meter and Skiddometer: In 
conjunction with the standard skid resistance survey tests 
conducted on Runway 03/21 at Charleston AFB in June 1974, 
correlation measurements between the Swedish Skiddometer BV-6 
and Mu-Meter were conducted. The Skiddometer is a three 
wheel, 3,300 pound, towed trailer which measures and records 
the brake slip coefficient of friction at approximately 12.7 
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percent slip ratio (see Figure 3). The test tire is the same 
tire as used on the DBV (7.50 X 14, ASTM E-249, smooth tread, 
inflated to 24 psi). The correlation tests were conducted by 
running the Skiddometer immediately behind the Mu-Meter at a 
constant speed of 40 mph. Since these tests were conducted 
in conjunction with the standard skid resistance survey tests, 
water application and section layout were identical to those 
described in Section III. Tests were conducted on the pri¬ 
mary touchdown area (Section "BB", Figure 49), central in¬ 
terior area (Section "DD", Figure 50), and secondary touch¬ 
down area (Section "FF", Figure 51). Figures 49 through 51 
are traces of the recorded side slip and constant slip friction 
coefficients. The comparative data are presented in this 
manner so that point-by-point data values and overall trends 
can by analyzed. Examination of the traces show that both 
measurement systems see the same relative slipperiness in 
that the overall or average traces appear to rise and fall 
together. However, the Mu-Meter traces show significantly 
greater friction variations which permits an easier assess¬ 
ment of the relative slippery runway areas. No direct corre¬ 
lation between these two devices was expected since the 
operating principles are entirely different. 

G. Runway Recovery Characteristics : As described earlier, 
test runs are accomplished over a 30 minute time interval in 
order to determine the recovery characteristics of a pavement. 
Since the test procedures were developed to simulate a heavy 
rainfall rate by applying 0.2 inch of water within a 15 min¬ 
ute time interval to each test section, it was assumed that 
the testing effort would reflect the natural recovery charac¬ 
teristics (inverse of water depth) of the pavement. However, 
limited field experience has shown that this testing procedure 
does not assess the natural recovery characteristics after a 
heavy or moderate rainfall (see Figure 48). On 16 June 1974 
at McGuire AFB, testing was accomplished in the morning hours 
during a heavy rainfall. Test runs were conducted during and 
immediately following the rainstorm and then during the after¬ 
noon after the runway had time to completely recover to a dry 
condition. The following data table summarizes the results 
of the initial DBV and Mu-Meter test runs: 

CONDITION SECTION 

"A"/"AA" "C" "D" 

INITIAL SDR VALUES: 

"A'V'AA" 

INITIAL MU VALUES: 

During Rainfall 4.15 2.15 2.39 

Immediately Following 3.61 
Rainfall 

0.38 

Artificially Wet 3.88 2.03 2.33 0.37 
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Section A"/"AA" is the rubber deposit/touchdown area (Run¬ 
way 24 end), whereas Sections "C" and "D" are central in¬ 
terior test sections. All tests were conducted on asphaltic 
concrete pavement. The weather conditions during the tests 
were : 

CONDITION 

Immediately Following 
Rainfall 

AMDIENT TEMP DEW POINT 

73°F 73°F 

WIND 

180°/4 knots 

Artificially Wet 78°F 68°F 180°/4 knots 

Although the ambient temperatures and wind conditions were 
nearly identical, the recovery characteristics immediately 
following the rainfall and artificial wetting were different 
(see Figure 48) primarily due to dew point spread. Therefore, 
it is not possible to accurately determine skid resistance 
values of a pavement several minutes after the cessation of a 
heavy or moderate rainfall utilizing this evaluation <ystem 
due to changing environmental conditions, but it is possible 
to determine the worst skid resistance condition. Although 
the natural pavement recovery characteristics cannot be dup¬ 
licated using the artificial wetting procedures, the present 
testing procedures reflect pavement drainage characteristics. 

H. Mu-Meter Considerations: 

1- Sjieed Variation (Speed Gradient) : All Mu-Meter 
measurements conducted by AFCEC PsÊT are run at a constant 
speed of 40 mph. However, several agencies that utilize a 
self contained watering device to insure a constant water 
depth in front of the measuring wheels at various speeds, 
found that with increasing speed, the friction coefficient, 
as recorded by the Mu-Meter, is reduced (see Figure 52, Ref 
15) . This factor is extremely important since a pavement 
may exhibit satisfactory skid resistance properties (Mu greater 
than 0.50) at speeds at or less than 40 mph, but at greater 
speeds the pavement surface may exhibit poor skid resistance 

The International Civil Aviation Organization 
(ICAO) recognizes the fact that wet runways usually produce 
a Marked drop in friction coefficient with an increase in 
speed, which is unlike snow and ice covered runways where 
friction coefficients remain nearly the same throughout the 

ílllt |pectrum- The ICAO study group on snow, slush, ice and 
water for aerodromes (Ref 22) recommended making friction 
measurements at 40 mph when assessing the skid resistance pro- 

duríng^ní f°llowing rainfall. Information 
on the braking action should be given on the basis of the 
following table: 
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MEASURED MU: 

0.50 or above 
0.49 to 0.40 
0.39 and below 

BRAKING ACTION DESCRIPTION 

Good 
Medium 
Poor 

However, when assessing a runway to determine whether remedial 
action is required to improve the runway surface, ICAO rec¬ 
ommends that the Mu-Meter be operated at 80 mph using con¬ 
trolled wetting conditions (self-wetting system) and the 
following classification table used: 

MEASURED MU 

0.65 and above 
0.64 - 0.45 
0.44 and below 

SURFACE FRICTION CHARACTERISTICS 

Above average 
Average 
Below average 

2. Standardization/Calibration Procedure^: 

a. Tire Yaw Angle: The Arizona Highway Department 
(AHD) is calibrating its Mu-Meter differently than recommended 
in the M.L. Aviation Mu-Meter Operator’s Manual and this 
approach warrants consideration as a standard procedure ( 
The AHD is setting both measuring wheels at the same yaw angle 
from centerline (approximately 7 1/2 degrees) and not varying 
the toed-out angle of the port wheel m order to obtain a 
desired reading on the calibration board. It should be noted 
that when the yaw angle of the tire is changed (see Pj-ßu 
resulting in a slightly different operational ™?de, the re¬ 
sultant side-force developed by one tire will differ from the 
other. This phenomenon is observable since the test tires 
not wear evenly. By precisely setting the measuring wheels 
at the same yaw angle from centerline will insure that the 
wheels are measuring identical friction coefficients. 

b. Load Cell Calibration: A user calibration 
procedure has not been formally established to insure the 
inter' ity of the recording system, although such a system 
has been developed by the M.L. Aviation Co. This procedure 
consists of loading the load sensor with weights and noting 
the values sensed by the recording system. When fifty pound 
weights are attached to the load sensor, readings recorded 
by the Mu-Meter should stay within the parameters shown in 
Fieure 53. This calibration procedure provides a method tor 
determining the integrity of the Mu-Meter system from the 
load cell (hydraulic system) to the recording mechanism 
(mechanical system). 

3. Operational Deployment of the Mu-Meter: the 
present time, considerable interest is being shown m the 
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operational use of the Mu-Meter since it is a continuous 
recording device which permits an operator to make measure¬ 
ments of the entire runway without significantly delaying 
aircraft traffic; measurements are made at a relatively 
safe speed (40 mph) during inclement weather conditions; 
and modifications required for the towing vehicle are minor. 
However, several malfunctions of the load cell mechanism 
have been experienced and to insure mechanical reliability 
and repeatability, further refinements are necessary before 
the Mu-Meter should be procured by base level personnel. 

1• Proposals for Assessing and Alleviating Hydroplaning 
Potential: 

1. Assessing Aircraft Performance: Considerable 
effort over the last several years has been devoted to pre¬ 
dicting the stopping performance of aircraft on wet runways. 
The James Brake Decelerometer (JBD) was used in the 1960s to 
determine aircraft performance; however, the Combat Traction 
testing effort revealed that the JBD could not accurately 
predict aircraft performance on wet runways (see Appendix B). 
Since the Combat Traction Project, controversy over the 
correlation between the DBV and aircraft performance has 
arisen. For example, Figure 55 shows less than desirable 
relationship between aircraft SDRs and DBV SDRs for a range 
of different conditions. Although the DBV showed significant 
improvement over the JBD during Project Combat Traction, the 
DBV did not consistently correlate with aircraft performance. 
During the FAA Concorde Landing Requirement Evaluation lests 
in 1973, the Mu-Meter was operated by AFCEC PSET to determine 
the correlation between aircraft performance and Mu-Meter 
readings. Figure 54 shows the relationship between the L- 
1011/B-737 and Mu-Meter during these tests (Ref 17). Exam¬ 
ination of the data indicates that the Mu-Meter, like the 
DBV, is not a measuring device that can reliably predict air¬ 
craft stopping distance performance. Thus, the present state- 
of-the-art does not appear to permit accurate prediction of 
aircraft stopping distance on wet runways. 

2- Assessing Hydroplaning Potential: Project Combat 
Traction II (Refs 11 and 12) and F-4 Rain fire Performance 
Flight Tests at Edwards AFB CA (Refs 19 and 20) data are the 
primary sources for assessing aircraft hydroplaning potential. 
Flight test data indicates that the B-727 and F-4 will probably 
hydroplane whenever the SDR is greater than 2.0 (see Figure 25). 
Although DBV measurements were not conducted during the 
majority of the F-4 Rain Tire Flight Tests, the DBV data 
show that the PCC runway at Edwards AFB exhibits potential 
for hydroplaning (SDR value of approximately 2.2). Thus 
it appears that for some aircraft, the probability for hydro¬ 
planing is high whenever the SDR is greater than 2.0. Therefore, 
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the AFWL DBV pavement rating table should be superseded by 
the following table: 

3 MINUTE SDR 

1.0 - 2.0 

2.0 - 2.5 

Greater than 2.5 

HYDROPLANING POTENTIAL 

No hydroplaning problems are 
expected. 
Hydroplaning potential for some 
aircraft. 
High hydroplaning potential. 

Since the Mu-Meter apparently was not properly calibrated 
during the P-4 Rain Tire Tests, Combat Traction II flight 
test data and ICAO standards are the primary sources for 
determining aircraft braking assessments. Aircraft braking 
assessments are currently rated according to the following 
table : 

Mu-Meter Reading: 

AFWL ICAO/United Kingdom 

0.50 and above 0.50 and above 

0.42 - 0.49 

0.40 - 0.49 

below 0.40 

0.25 - 0.41 

below 0.25 

Aircraft Braking and 
Steering Response 

Good 

Fair 

Medium 

Poor 

Marginal 

Unacceptable 

Where the braking action assessments arc defined by the United 
Kingdom Aeronautical Circular 142/172 as: 

a. Good - pilots should not expect to find conditions 
as good as when landing on clean, dry runway and the aeroplanes 
should not experience directional control or braking diffi¬ 
culties because of the runway condition. 

b. Medium - braking action may be such that the 
achievement of satisfactory landing performance, taking into 
account the prevailing circumstances, depends upon the precise 
reproduction of recommended flight techniques. 

c. Poor - significant deterioration both in braking 
performance and direction control. If a landing is to be made, 
it is advisable to ensure that the landing distance required 
for very slippery/wet conditions specified in the Flight Manual/ 
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Operations Manual does not exceed the landing distance avail¬ 
able. Aborted takeoff stop may not be possible from a speed 
of y, and the takeoff may need to be delayed depending on 
limiting conditions. 

Therefore, based on the Combat Traction II data (see Figure 
26) and the ICAO/United Kingdom Rating Table, the AFWL Mu- 
Meter pavement rating table should be superseded by the 
following table: 

Mu-Meter Reading 

0.50 and above 

0.40 - 0.49 

Hydroplaning Potential 

No hydroplaning problems are 
expected. 

Hydroplaning potential for some 
aircraft. 

below 0.40 High hydroplaning potential. 

Since the present skid resistance survey program cannot pre¬ 
dict pavement conditions 15 and 30 minutes after rainfall due 
to varying environmental conditions, all runway remedial 
actions should be based on the skid resistance data obtained 
immediately following water application (3 minute SDR and Mu 
values) which reflect the worst pavement condition. 

Alleviating Hydroplaning Potential: Since the 
present state-of-the-art does not permit accurate prediction 
of aircraft stopping distance on wet runways, while the AFCEC 
skid resistance program can determine the relative hydroplaning 
potential of runway surfaces, every effort should be made to 
upgrade the skid resistance characteristics of runways identi¬ 
fied as being slippery to minimize the possibility of aircraft 
mishaps. This means that virtually every burlap drag finish 
PCC runway should be grooved since the majority of smooth 
finish concrete runways exhibit potential for hydroplaning 
(SDR greater than 2.0). The fact that smooth finish concrete 
runways can significantly increase the potential for hydro¬ 
planing was recently verified during ihe F-4 Rain Tire Per¬ 
formance flight tests at Edwards AFB (Refs 19 and 20). During 
the very first F-4 landing on the smooth finish concrete run¬ 
way, one wheel spun down to a complete stop within five seconds 
after brake application on the wet and nonrubberized portion 
of the runway and the wheel remained in the locked-up condition 
for the entire braking run (7,800 feet). The F-4 Rain Tire 
tests demonstrated the necessity for the primary braking area 
(central interior portion of the runway) to have good skid 
resistance properties so that good braking response and dir¬ 
ectional control can be achieved. Since the F-4 tests were 
not accomplished on any rubber deposit areas, it was not 
possible to determine the influence rubber deposits might have 
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on F-4 braking action. However, the AFCEC PSET recently tested 
a runway tnat had significant potential for hydroplaning on 
the touchdown area (initial SDR value of 3.15) due to rubber 
accumulation and the central interior portion of the runway 
exhibited very good skid resistance properties (initial SDR 
value of 1.49). It was reported to PSET that a F-4 blew a 
tire on this runway allegedly due to hydroplaning because 
the wheel became locked on the rubber deposit area and the 
sudden good traction of the central interior area caused tire 
failure. Although tire failure was experienced, the pilot was 
able to maintain directional control and the aircraft stopped 
safely due to the good traction of the central interior area. 

4. This and other examples show why rubber removal 
is a constant concern for both base civil engineering and 
operational personnel; however, both economical and opera¬ 
tional constraints sometimes prevent bases from removing 
rubber deposits. Normally at bases where continuous heavy/ 
large aircraft operations occur (e.g., Travis AFB, Castle 
AFB), very substantial rubber deposits accumulate in minimum 
time periods. Since the determination for rubber removal is 
normally very subjective without the aid of skid resistance 
measurement equipment, it is difficult to determine at base 
level the requirements for rubber removal. A possible rational 
approach to this problem would be: (1) advise pilots to 
delay braking until the aircraft has transversed the primary 
rubber buildup areas when the runway ié reported as wet (re¬ 
duced braking capability is experienced only when rubber de¬ 
posits are wet); (2) perform rubber removal only when the 
deposits become significant (all surface asperities filled 
with deposits; significant deposits on the primary touchdown 
area cover approximately 15 to 20 percent of the runway; and 
the NASA grease smear measurement method indicates the tex¬ 
ture is less than 0.016 inch); and (3) perform rubber removal 
prior to the heaviest rainfall season but not more than once 
every six months. The long range solution to the frequent 
rubber removal problem is to increase the pavement texture, 
thereby increasing the time required before the majority of 
the pavement asperities become filled. Construction techniques 
currently available to increase pavement texture are grooving 
and porous friction courses. Testing at Shaw AFB substantiated 
that runway grooving can increase the skid resistance pro¬ 
perties of a rubber deposit area. The rubber coated, burlap 
drag finsih portion of the Shaw AFB runway exhibited lower 
traction characteristics than the adjacent rubber coated 
grooved portion (see Figure 27) . However, since landings on 
dry grooved pavements can result in tire tread damage (tire 
chevron cutting) and increased landing gear structure stresses, 
runway touchdown grooving is not recommended at this time. A 
recent laboratory study was conducted to evaluate tire response 
for different pavement grooving configurations (Ref 21) . The 
laboratory test results show that tire chevron cutting occurs 
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at the instant the aircraft tire contacts the pavement and 
that a 1/4 inch X 1/4 inch X 1 inch PCC groove pattern can 
cause greater tire damage than a 1/4 inch X 1/4 inch X 2 
inch PCC groove pattern. The FAA is presently conducting 
research to determine the optimum groove pattern for all 
portions of the runway. Once full scale tests can be per¬ 
formed to substantiate satisfactory reduction in tire 
chevron cutting ( tires replaced primarily due to wear 
rather than damage resulting from chevron cutting) for a 
particular groove pattern, then the Air Force should con¬ 
sider adopting this groove pattern for touchdown areas. 

V. CONCLUSIONS: 

A. The AFCEC Skid Resistance Survey Program can determine 
runway skid resistance characteristics and runway hydro¬ 
planing potential. However, the present state-of-the-art is 
such that aircraft stopping distance cannot be accurately 
determined using data obtained from the DBV or Mu-Meter. 

B. The present rating table indicates that significant 
hydroplaning potential is encountered only when the SDR 
exceeds 2.5 or the Mu value is less than 0.42. However, Com¬ 
bat Traction II and F-4 Rain Tire flight test data shows 
that hydroplaning potential is very high for some aircraft 
whenever the SDR exceeds 2.0 and the Mu value decreases below 
0.5. 

C. The DBV and Mu-Meter are suitable measurement devices 
for assessing relative skid resistance characteristics. The 
two measurement devices complement one another since the DBV 
determines the skid resistance characteristics over a speed 
range while the Mu-Meter identifies the incrementally slip¬ 
perier areas. 

D. The DBV velocity versus time histories appear to 
assess the potential for dynamic and viscous types of hydro¬ 
planing and these curves reflect the pavement macro-and micro¬ 
texture . 

E. Regardless of pavement material, the majority of touch¬ 
down areas exhibit hydroplaning potential due to rubber deposits. 

F. The majority of burlap drag finish PCC runways exhibit 
some degree of hydroplaning potential primarily due to poor 
pavement texture . 

G. The 300 foot DBV dry stopping distance reflects the 
traction response of a desirable dry pavement and it is a 
valid choice for a standardized dry stopping distance. The stand¬ 
ardized dry stopping distance allows the relative ranking of 
runways. 
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H. The NASA DBV and USAF DBV assess the pavement slip- 
periness slightly differently from one another and correlation 
between the DBVs is required for interpretation of test data. 

I. The NASA grease smear measurement procedure cannot 
predict hydroplaning potential when the measured texture depth 
is greater than 0.016 inch. However, this measurement system 
can normally assess relative hydroplaning potential when the 
texture depth is less than 0.016 inch and could assist base 
personnel in objectively determining when rubber removal is 
required. 

J. The natural recovery characteristics of a runway can¬ 
not be accurately determined using the artificial wetting 
system; however, worst runway skid resistance condition can 
be determined using the present AFCEC skid resistance measure¬ 
ment program. 

K. The skid resistance on a wet pavement normally de¬ 
creases as the speed of a vehicle is increased. Thus, it 
appears to be important to measure the skid resistance 
characteristics over a range of speeds. 

L. Protuding joint seal material can impede water run¬ 
off, thereby significantly delaying the drainage of bulk 
water from a pavement surface. 

M. Improving pavement texture and cross slope appear to 
be the most effective means for alleviating hydroplaning 
potential. 

VI. RECOMMENDATIONS: 

A. The AFCEC skid resistance program to assess runway 
skid resistance characteristics should be continued. Procedural 
improvements should be made as new techniques and further 
information concerning aircraft stopping performance on wet 
pavements become available. 

B. The DBV velocity versus time histories should be 
incorporated into the evaluation procedure as a valuable 
tool for assessing pavement characteristics. 

C. The present pavement rating tables should be revised to 
indicate that only the 3-minute skid resistance values are 
valid for assessing the skid resistance characteristics of a 
runway. Additionally, the rating tables should be superseded 
by the following table: 
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3 - Minute Value: Hydroplaning Potential: 
SDR Value: Mu Value 

< 2.0 > 0.5 No hydroplaning problems 
are expected. 

2.0 - 2.5 0.4 - 0.5 Hydroplaning potential 
for some aircraft. 

> 2.5 < 0.4 High hydroplaning potential. 

D. Program action should be initiated on a long term 
basis to groove PCC burlap drag finish runways that exhibit 
hydroplaning potential (SDR greater than 2.0). 

E. Runway design specifications should require a minimum 
of one percent runway transverse gradients and special surface 
treatments for PCC runways, e.g., grooving or wire-combing. 
Joint sealing material should be installed in a manner that 
will not restrict water runoff. 

F. The determination for removal of runway rubber de¬ 
posits should be made in accordance with the procedures out¬ 
lined in Section IV, paragraph I. 
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TABLE 2 

MU-METER AIRCRAFT PAVEMENT RATING (1) 

MU 

Greater than 0.50 

0.42 - 0.50 

0.25 - 0.41 

Less than 0.25 

EXPECTED AIRCRAFT 
BRAKING RESPONSE 

GOOD 

FAIR 

MARGINAL 

UNACCEPTABLE 

RESPONSE 

No hydroplaning problems 
are expected. 

Transitional 

Potential for hydroplaning 
for some A/C exists under 
certain wet conditions. 

Very high probability for 
most A/C to hydroplane. 

STOPPING DISTANCE RATIO/AIRFIELD PAVEMENT RATING ¢1) 

SDR 

1.0 - 2.0 

2.0 - 2.5 

2.5 - 3.5 

Greater than 3.5 

HYDROPLANING POTENTIAL 

No hydroplaning potential 

Potential not well defined 

Potential for hydroplaning 

Very high hydroplaning potential 

(1) Technical Report No. AFWL-TR-73-165 (Source of Ratings) 



TABLE 3 

BASE LISTING - SDRs/MUs ON RUBBER DEPOSIT AREAS 

Base listing of primary touchdown (rubber deposit) area test 
results. Data were obtained from Runway Skid Resistance 
Survey Reports, Data Summary Pavement Rating Tables, Three- 
Minute SDR and Mu values. 

DBV MEASUREMENTS 

BASE 

Travis AFB (03R/21L) 
Fairchild AFB 
Castle AFB 
Loring AFB 
Travis AFB (03L/21R) 
McGuire AFB (06/24) 
Torrejon AB 
Mather AFB (04R/22L) 
Blytheville AFB 
Dover AFB (01/19) 
Scott AFB 
Robbins AFB 
Cannon AFB (03/21) 
Rickenbacker AFB (05R/23L) 
Homestead AFB 
Grissom AFB 
Charleston AFB 
Zaragosa AB 
Mather AFB (04L/22R) 
Andrews AFB(01L/19R) 
Charleston AFB (03/21) 
Shaw AFB (04R/22L) 
McConnell AFB (18R/36L) 
Hector Fid 
Dover AFB (13/31) 
Columbus AFB (13L/31R) 
Glasgow AFB 
Andrews AFB (01R/19L) 
England AFB (14/32) 
Aviano AB 
Richard Gebaur AFB 
Vance AFB (17R/35L) 
Soesterberg AB 
Columbus AFB (13R/31L) 
England AFB (18/36) 
Moody AFB (18R/36L) 
Zweibrucken AB 
RAF Bentwaters 
Moody AFB (18L/36R) 
Craig AFB (14R/32L) 
Rickenbacker AFB (05L/33R) 
Vance AFB (17C/35C) 
Columbus AFB (13C/31C) 

SDR VALUE 

5.79 
4.75 
4.60 
4.58 
4.01 
3.92 
3.85 
3.75 
3.73 
3.62 
3.61 
3.59 
3.59 
3.40 
3.37 
3.23 
3.21 
2.93 
2.90 
2.89 
2.79 
2.77 
2.77 
2.72 
2.66 
2.62 
2.61 
2.60 
2.54 
2.51 
2.50 
2.50 
2.42 
2.40 
2.39 
2.38 
2.34 
2.33 
2.32 
2.27 
2.26 
2.25 
2.22 

54 

PAVEMENT TYPE 

PCC 
PCC 
AC 
AC 
AC 
AC 
AC 
PCC/AC 
PCC 
PCC/AC 
AC 
PCC 
PCC/PCC Grooved 
PCC 
PCC 
AC 
PCC/AC 
AC 
AC 
PCC 
AC 
PCC/PCC Grooved 
PCC 
PCC 
AC 
PCC/AC 
PCC 
AC 
PCC 
AC 
PCC 
PCC/AC 
AC 
PCC 
PCC/AC 
PCC/AC 
AC 
AC 
PCC/AC 
PCC 
AC 
PCC 
PCC 
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BASE 

RAF Woodbridge 
Niagara Falls IAP 
Vance AFB (17L/35R) 
McConnell AFB (18L/36R) 
McGuire AFB (18/36) 
Myrtle Beach AFB 
Cannon AFB (12/30) 
Shaw AFB (04L/22R) 
Erding AB 
Hurlburt Fid 
MeChord AFB 

SDR VALUE 

2.22 
2.12 
2.10 
2.03 
2.00 
2.00 
2.00 
1.99 
1.93 
1.89 
1.87 

PAVEMENT TYPE 

AC 
AC 
PCC 
PCC 
PCC/AC 
PCC/AC 
PCC/PCC Grooved 
PCC/PCC Wire Comb 
PCC 
PCC/AC 
AC 

MU-METER MEASUREMENTS 

BASE 

Travis AFB (03R/21L) 
Torrejon AB 
Homestead AFB 
Castle AFB 
Fairshild AFB 
Zaragosa AB 
Loring AFB 
Charleston AFB (15/33) 
Andrews AFB (01L/19R) 
Rickenbacker AFB 
Dover AFB (01/19) 
McGuire AFB 
Craig AFB(14R/32L) 
Mather AFB (04R/22L) 
Mather AFB (041/22R) 
Glasgow AFB 
Blytheville AFB 
Shaw AFB (04R/22L) 
Robbins AFB 
England AFB (18/36) 
Grissom AFB 
Soesterberg AB 
Charleston AFB (03/21) 
Andrews AFB (01R/19L) 
Travis AFB (03L/21R) 
Shaw AFB (04L/22R) 
Columbus AFB (13C/31C) 
Hector Fid 
Malmstrom AFB 
Hurlburt Fid 
Rickenbacker AFB (05L/23R) 
Columbus AFB (13R/31L) 
Scott AFB 
RAF Bentwaters 
Erding AB 
Niagara Falls IAP 
McGuire AFB (18/36) 
England AFB 

MU-VALUE 

0.22 
0.24 
0.25 
0.26 
0.29 
0.30 
0.32 
0.34 
0.34 
0.38 
0.38 
0.39 
0.40 
0.40 
0.40 
0.40 
0.43 
0.43 
0.44 
0.44 
0.44 
0.44 
0.45 
0.47 
0.47 
0.48 
0.49 
0.50 
0.50 
0.50 
0.51 
0.52 
0.52 
0.53 
0.53 
0.53 
0.53 
0.53 

PAVEMENT TYPE 

PCC 
AC 
PCC 
AC 
PCC 
AC 
AC 
PCC/AC 
PCC 
PCC 
PCC/AC 
PCC/AC 
PCC 
PCC/AC 
AC 
PCC 
PCC 
PCC/PCC Grooved 
PCC 
PCC/AC 
AC 
AC 
AC 
AC 
AC 
PCC/PCC Wire Comb 
PCC 
PCC 
AC 
PCC/AC 
AC 
PCC 
AC 
AC 
PCC 
AC 
PCC/AC 
PCC 



BASE MU-VALUE PAVEMENT TYPE 

Myrtle Beach AFB 
Moody AFB (18L/36R) 
RAF Woodbridge 
Craig AFB (14L/32R) 
Zweibrucken AB 
Richard Gebaur AFB 
Moody AFB (18R/36L) 
Aviano AB 
Columbus AFB (13L/31R) 
Dover AFB (13/31) 
McChord AFB 

0.54 
0.56 
0.57 
0.58 
0.59 
0.60 
0.60 
0.60 
0.63 
0.63 
0.75 

PCC/AC 
PCC/AC 
AC 
PCC/AC 
AC 
PCC 
PCC/AC 
AC 
PCC/AC 
AC 
AC 
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BASH LISTING 

TABLE 4 

SDRs/MUs ON CENTRAL INTERIOR AREAS 

Base listing of central interior (primary aircraft braking) area 
test results. Data were obtained from Runway Skid Resistance 
Survey Reports, Data Summary Pavement Rating Tables, Three- 
Minute SDR and Mu values. 

DBV MEASUREMENTS 

BASE SDR VALUE 

Travis AFB (Ü3L/21R) 
England AFB (14/32) 
England AFB (18/36) 
Charleston AFB (15/33) 
Blytheville AFB 
Soesterberg M3 
Travis AFB (03R/21L) 
Columbus AFB (13R/31L) 
McChord AFB 
Richard Gebaur AFB 
Mather AFB (U4L/22R) 
Andrews AFB (01L/19R) 
Glasgow AFB 
Vance AFB (17L/35R) 
Erding AB 
Rickenbacker AFB (05R/23L) 
McConnell AFB (18R/36L) 
Robbins AFB 
Castle AFB 
Loring AFB 
Fairchild AFB 
Hector Fid 
Rickenbacker AFB (05L/23R) 
McGuire AFB (06/24) 
Homestead AFB 
Hurlburt Fid 
Columbus AFB (13C/31C) 
Dover AFB (13/31) 
Charleston AFB (03/21) 
Mather AFB (04R/21L) 
Torrejon AB 
Scott AFB 
Niagara Falls IAP 
Columbus AFB (13L/31R) 
Shaw AFB (04R/22L) 
Cannon AFB (03/21) 
Dover AFB (01/19) 
McConnell AFB (18L/36R) 
Aviano AB 
Andrews AFB (01R/19L) 
Craig AFB (14L/32R) 
Malmstrom AFB 
McGuire AFB (18/36) 
Grissom AFB 

71 
66 
57 
55 
45 
29 
28 

2.28 
2.23 
2.22 
2.18 
2.14 
2.11 

09 
04 
04 
03 

2.01 
2.00 
1.99 
1.97 
1.95 
1.94 
1.93 
1.92 
1.92 
1.90 
1.89 
1.88 
1.86 
1.85 
1.83 
1.80 
1.80 
1.79 
1.74 
1.74 
1.73 
1.73 
1.73 
1.70 
1.67 
1.66 
1.66 

PAVEMENT TYPE 

AC 
PCC 
PCC 
PCC 
PCC 
AC 
AC 
PCC 
AC 
AC/PCC 
AC 
PCC 
PCC 
PCC 
PCC 
PCC 
PCC 
PCC 
AC 
AC 
PCC 
PCC 
AC 
AC 
PCC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC/PCC Grooved 
PCC Grooved 
AC 
PCC 
AC 
PCC 
AC 
AC 
AC 
AC 
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BASE 

Moody AFB (18L/36R) 
Cannon AFB (12/30) 
Myrtle Beach APB 
RAF Woodbridge 
Craig AFB (14R/32L) 
Vance AFB (17R/35L) 
Moody AFB (18R/36L) 
Vance AFB (17C/35C) 
RAF Bentwaters 
Zweibrucken AB 
Zaragosa AB 
Shaw AFB 

SDR VALUE 

1.66 
1.65 
1.57 
1.53 
1.52 
1.50 
1.48 
1.45 
1.44 
1.35 
1.31 
1.13 

PAVEMENT TYPE 

AC 
AC 
AC 
AC 
AC 
AC/PCC Grooved 
AC 
AC 
AC 
AC 
AC 
PCC Wire Comb 

MU-METER MEASUREMENTS 

Columbus AFB (13L/31F, 
Craig AFB (14L/32R) 
England AFB (18/36) 
Glasgow AFB 
Columbus AFB (13R/31L) 
Torrejon AB 
England AFB (14/32) 
Mather AFB (04L/22R) 
Hurlburt Fid 
Columbus AFB (13C/31C) 
Robbins AFB 
Soesterberg AB 
Myrtle Beach AFB 
Erding AB 
Travis AFB (03L/21R) 
Fairchild AFB 
Blythville AFB 
Rickenbacker AFB (051^2?R) 
Castle AFB 
Andrews AFB (01R/19L) 
Andrews AFB (01L/19R) 
Charleston AFB (15/33) 
Homestead AFB 
Moody AFB (18L/36R) 
Scott AFZ 
Rickenbacker AFB (05R/23L) 
McGuire AFB (18/36) 
Aviano AFB 
Richard Gebaur AFB 
Loring AFB 
Hector Fid 
McChord AFB 
Mather AFB (04R/22L) 
Shaw AFB (04R/22L) 
RAF Bentwaters 
Malmstrom AFB 

0.43 
0.44 
0.44 
0.44 
0.45 
0.46 
0.46 
0.47 
0.50 
0.52 
0.52 
0.53 
0.53 
0.54 
0.54 
0.54 
0.55 
0.55 
0.55 
0.55 
0.56 
0.56 
0.56 
0.56 
0.57 
0.59 
0.59 
0.61 
0.61 
0.62 
0.62 
0.62 
0.63 
0.63 
0.66 
0.66 

AC 
AC 
PCC 
PCC 
PCC 
AC 
PCC 
AC 
AC 
AC 
PCC 
AC 
AC 
PCC 
ÄC 
PCC 
PCC 
AC 
AC 
PCC 
PCC 
PCC 
PCC 
AC 
AC 
PCC 
AC 
AC 
AC/PCC 
AC 
PCC 
AC 
AC 
AC/PCC Grooved 
AC 
AC 
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MU-VALUE PAVEMENT TYPE 
BASE 

Craig AFB (14R/32L) 
Travis AFB (03R/21L) 
Niagara Falls IAP 
RAF Woodbridqe 
Zweibrucken AB 
Dover AFB (13/31) 
Moody AFB (18R/36L) 
Charleston AFB (03/21) 
Dover AFB (01/19) 
McGuire AFB (06/24) 
Zaragosa AFB 
Shaw AFB (04L/22R) 
Grissom AFB 

0.66 
0.69 
0.70 
0.71 
0.71 
0.71 
0.73 
0.74 
0.75 
0.75 
0.76 
0.80 
0.83 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
PCC Wire Comb 
AC 
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TABLE 5 

COMPILATION OF TEST DATA 

The data compiled and tabulated for each test base are pre¬ 
sented in this table. The compilation includes the following 
data: Name of the airfield tested; date tested; designation 
of test sections; pavement type; transverse slope; macro¬ 
texture depth (as measured by the NASA grease smear method); 
water depth (Combat and Concrete Traction program, water 
depth measured by NASA water depth gauge; PSET water applied 
in accordance with Section III), first run SDRs (NOTE: PSET 
SDRs are actual wet stopping distance divided by 300 feet); 
average first run Mu-Meter readings for entire test section 
and for only that portion of the test section where the DBV 
braked; and DBV dry stopping distance. Projects Combat 
Traction and Concrete Traction data are listed for comparative 
purposes where applicable. 
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TABLE 6 

SDR COMPARISONS BETWEEN DIFFERENT TEST EFFORTS 

Comparitiye stopping distance ratio (SDR) test results for those 
bases tested during Project Combat Traction, Project Concrete 
Traction, and the AFCEC Skid Resistance Program.J Loncrete 

BASE 

Aviano AB 
Blytheville AFB 
Castle AFB 
Charleston AFB 
Cannon AFB 

Columbus AFB 

Craig AFB 

Dover AFB 
England AFB 
Homestead AFB 
Hurlburt Field 
Mather AFB 

McChord AFB 
Myrtle Beach AFB 
Moody AFB 

Rickenbacker AFB 
Robbins AFB 
Scott AFB 
Shaw AFB 
Travis AFB 

SDR VALUES 

COMBAT 
TRACTION 

1.6 

1.58 
2.21 

1.94 
1.67 

1.84 

1.80 

CONCRETE 
traction 

3.55 
2.0 
2.19 
2.44 
1.61 
2.23 
2.10 
1.29 
1.58 

1.80 
1.36 
1.53 
1.58 

1.69 
1.79 
1.51 

2.20 

2.17 
2.15 
2.28 

*AFCEC 

2.09 
3.42 
2.23 
2.71 
1.83 
1.66 
2.44 
2.03 
1.84 
1.57 
1.72 
2.92 
2.08 
1.99 
2.02 
2.31 
2.33 
1.77 
1.71 
1.48 
2.18 
1.93 
1.94 
1.83 
2.27 
2.83 

* SDR is the average of the two central interior test sections 
(normally designated test sections "C" & "D") 
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TABLE 7 

COMPARISON - AIR FORCE AND NASA DBVs 

Comparison of SDR data between the Air Force DBV and 
DBV on the Roswell Industrial Center Runway. 

RUN 
NUMBER 

SECTION 
DESIGNATION 

AIR FORCE 
SDR 

24 October 1973 

16 
16 
16 
17 
17 
17 
18 
18 
18 

A-B 
C-D 
E-F 
A-B 
C-D 
E-F 
A-B 
C-D 
E-F 

1.83 
2.24 
2.26 
2.13 
2.50 
2.45 
1.86 
2.22 
2.33 

25 October 1973 

1 
1 
1 
2 
2 
2 
3 
3 
4 
4 
5 
5 
5 
6 
6 
6 

A-B 
C-D 
E-F 
A-B 
C-D 
E-F 
A-B 
C-D 
A-B 
C-D 
A-B 
C-D 
E-F 
A-B 
C-D 
E-F 

2.34 
2.38 
2.40 
2.26 
2.27 
2.30 
2.38 
2.40 
2.40 
2.32 
2.52 
2.58 
2.52 
2.15 
2.27 
2.33 

7 
7 
7 
8 
8 
8 
9 
9 
9 
10 
10 
10 

without sandbags added to increase weight of 
A-B 
C-D 
E-F 
A-B 
C-D 
E-F 
A-B 
C-D 
E-F 
A-B 
C-D 
E-F 

2.02 
2.34 
2.59 
2.08 
2.25 
2.28 
2.28 
2.48 
2.55 
2.21 
2.16 
2.20 

the NASA 

NASA 
SDR 

1.90 
2.33 
2.51 
2.32 
2.66 
2.81 
2.15 
2.45 
2.47 

2.32 
2.46 
2.45 
2.27 
2.28 
2.21 
2.53 
2.47 
2.45 
2.34 
2.62 
2.47 
2.54 
2.27 
2.27 
2.30 

USAF DBV 

2.39 
2.39 
2.47 
2.16 
2.24 
2.29 
2.44 
2.44 
2.59 
2.13 
2.24 
2.30 

70 



mi...«i "WW""' 

(«»ÄN" 'r^w. 

FIGURES 

71 



1.0 

.8 

.6 

AVERAGE 
FRICTION 
COEFFICIENT, 

^ AV 

DRY SURFACE 

• WET ICE 

□ SMOOTH CONCRETE 

' O FLOAT FINISH CONCRETE 

A SMALL AOOREGATE ASPHALT 

O LARGE AGGREGATE ASPHALT 

Figure 1. Damp runway braking effectiveness, 32 x 8.8 smooth 

tread; Fz = 12000 lb (53,4 kN); p = 140 lb/in2 

(96.5 N/cm2). (Data from Reference 5) 
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Figure 3. Tire operating modes, dry runways. (Data from 
Reference 7) 
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Figure Tire in cornering slip mode, 



LOW SPEED 

CORNERING 

TRACTION 

COEFFICTION 

YAW ANGLE 

Figure 5. Unbraked yawed rolling mode. (From data Refebence 
7) 
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Figure 6. Traction of small rubber block sliding on dry 

concrete. Speed < 1 knot. (Data from Reference 

7) 
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Figure 8. Wet stopping performance for B-727. (Data from 
Reference 13) 
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Modified braking system for AFCEC DBV. 
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Figure 12. DBV instrumentation system block diagram 
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Figure 17. Photograph showing Mu-Meter and towing vehicle. 
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Figure 19. Diagrammatic layout of Mu-Meter. 
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Figure 22. Photograph showing 300 gpm flow meter. 
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SECONDARY APPROACH END 

Figure 23. Typical layout of test sections. 
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Figure 27, Initial Mu-Meter traces for rubber deposit areas. 
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Figure 52. Mu-Meter, speed, vs friction gradients. (Data 
from Reference 15) 
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Figure 53, Mu-Meter static load test parameters. (Reference: 
M.L. Aviation Co. Ltd) 
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Listing of Aircraft Accidents & Incidents on Wet Runways 

1. Listing of Air Force Aircraft Accidents & Incidents 

2. Listing of Scheduled Air Carrier Aircraft Accidents 

3. Listing of Scheduled Air Carrier Aircraft Incidents 
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1. Listing of USA F Aircraft Accidents and Incidents from 
January 1972 to November 1974 Involving Loss of Control on 
Wet Runways: 

Aircraft 
Type 

A--37B 

B-52 

FB-111 

KC-97 

C-130A 

KC-135 

C-141 

F-4 

F-100 

F-101 

F-102 

F-105 

F-106 

F-lll 

T-29 

T-33 

T-38 

T-39 

Number of 
Accidents/Incidents 

2 

5 

1 

1 

1 

2 

1 

16 

1 

5 

1 

2 

1 

2 

3 

3 

2 

21 

Total Dollar Loss 

$ 810 

8,944,123 

98 

3,067 

16,790 

2,689 

228 

4,490,805 

44,425 

1,586,140 

0 

2,137,551 

50 

68,495 

1,049 

6,259 

329 

796,935 
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Runway Condition Reading (RCR) System 



APPENDIX B 
RUNWAY CONDITION READING (RCR) SYSTEM 

1. JAMES BRAKE DECELEROMETER: The Air Force has utilized the 
Runway Condition Reading (RCR) System for predicting aircraft 
stopping performance since 1960. The RCR system is based on 
the data obtained from a James Brake Decelerometer (JBD) in¬ 
strument. The decelerometer consists basically of an air 
damped pendulum plate that is geared to an indicator needle 
which points to a dial at the maximum deceleration in feet/sec2 
achieved during a stop. The pointer remains locked on the 
maximum reading until it is manually reset to zero. The JBD 
is normally placed in a level position on the floor of the 
base operations vehicle. Procedures for obtaining JBD readings 
are as follows (Ref T.O. 33-1-23): 

a. Drive the vehicle at a speed of 20 mph down the center 
or within 20 feet right or left of the runway centerline. 
Avoid placing the wheels on the centerline or any other painted 
runway areas. NOTE: If taking readings on a surface which 
gives good braking (readings of 18 or greater), tests should 
be made from a speed of 30 mph. 

b. Apply brakes smoothly and firmly to induce a full 
skid. Then release the brakes to prevent the vehicle from 
coming to a full stop. 

c. Record the JBD reading, zero the instrument and repeat 
the above procedure at approximately 1,000 foot intervals-for 
the entire length of the runway. 

d. The readings for each 1,000 feet are added'and averaged 
by the total number of readings to give the RCR. 

From these procedures it is apparent that any of several factors 
can drastically influence the average JBD reading, e.g., operator 
error (speed and technique for locking the wheels), installation 
error, type vheicle, tire characteristics, calibration, etc. 
However, if these variables could be controlled, the theoretical 
principles of the JBD should predict aircraft stopping per¬ 
formance. 

2. BRAKING FRICTION COEFFICIENT: When Newton's Law of Motion 
is applied, the locked wheel friction coefficient (us) can be 
determined, and it was thought that ps determined by the JBD 
would correlate with ys experienced by aircraft. The ys of the 
JBD vehicle can be calculated from the equations: 

F = MA = — A (EQ B-l) 
g 
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and 

Ms 

Ms 

F 
W 

A 
g 

(EQ B-2a) 

(EQ B-2b) 

0 , 1.oc1.<; have been conducted to determine the correlation 
Several tests h aircraft stopping distance per- 
between the RCR system n.dn r-141 and Convair- 
formance. Correlation studies system does not correlate 
990 A show that on a wet surface the evident in 

with Stopping di?ta;^11^rB0in'anDurinI the Combat Traction 
the PlotsNsA5nue?iedgse?eral'orga”izItions to determine how 
Program, NASA queried seve£“ aprived It was reported 
the RCR landing distance charts de ¿ o£ 23 on 
tl-f the JBD ™™ally developed a baserlinest p.nB d 

a dry runway. Then to correi runway aircraft braking 
performance to the RCR syst , determined during certification 
friction coefficient had to be de‘?™inea auring „efficient 
tests. A linear relationship of RcR fhe average 
was assumed as shown in ^ fB„2 j „gained during dry braking friction coefficient of »¿5 “as obtain^ n ^ 

aircraft runway braking tests. AcS°^evef/during the Combat 
would correlate to a Uh . ' that the JBD underestimated air- 
craft^performance1onWwetSrunwaysa(primarily due to the 

no^correlate if 0,S for the 

above example. 

. ^nocTiTTnu rftwffn DBV SDRs AND RÇRs: Also during the Com- 

bat î?iÎ^tr0d8rRÊ^nlirrr}?Uïr'ifïheencDHlStdâsS-Sne Und- 
boofwafmadefs S.ownfn PiRure B-3 T«o »portant observât ons 
arise from analysis bf^eute B-3 First.^ircratt^^ 

rapidly deteriorates (0% to 5 Secondly, a DBV stopping 
(1P3) of DBV Stopping aifcraffbraking loss 

fSInnRCRrfa ue of il.l Most Sash-one flight handbooks 

aircraft^brakinflossfwhen imputing landing on wet runways. 
^rf ías feflonsidirabl. Sf 

an frTraft ; Howeve? the R« nuÍ^rs 
cautions against using thi „ntil further validation with 
and DBV stopping distanceTomate limited validation 

MW 
SSSIatPTractionVReportUlRefSlo)?dlTest result s'showed iLîthe 
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RCR system would overestimate aircraft performance as indicated 
by Figure B-4. 

4. ICE AND SNOW COVERED RUNWAY CONDITIONS: On glazed ice and 
snow covered runways (Figure B-4J, the aircraft friction co¬ 
efficient was found to be constant over a wide range of ground 
speeds and the JBD vehicle followed similar deceleration trends 
as the aircraft, resulting in some correlation between the 
C-141 and the JBD vehicle. However, it should be emphasized 
that the snow and ice covered runway testing was conducted 
during relatively narrow range of temperatures and had in¬ 
sufficient samples to make meaningful judgments. 

5. CONCLUSION: In conclusion, the RCR system now employed by 
the Air Force is predicated on a system (JBD) which cannot 
predict relative slipperiness of a wet or flooded runway. Most 
flight handbooks recommend standard RCR numbers (usually 12 
[52¾ braking loss] or 9 [611 braking loss]) for use in com¬ 
puting aircraft performance on wet runways and the validity of 
RCRs for other conditions is doubtful. 
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Figure B-2. Determination of aircraft braking friction 

COEFFICIENT. (DATA FROM REFERENCE 10) 
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RUNWAY CONDITION READING ( RCR ) RATIO, DRY/WET 

SNOW, ICE, AND SLUSH RUNWAY CONDITIONS 

Figure B-4. Comparison of aircraft stopping .istance ratios 
with RCR ratios. (Data from Reference 10) 
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APPENDIX C 

ALSAFECOM 16/70,- WET RUNWAv ACCIDENTS 

In September 1970, the Director of Aerospace Safety dispatched 
ALSAFECOM 16/70 which is considered a major skid resistance 
historical milestone. The message is quoted as follows: 

FOR COMMANDERS AND SAFETY OFFICERS: 

SUBJECT: Wet Runway Accidents. Dir of Aerospace Safety IGDS/ 
ALSAFECOM 16/70. 

1. Two recent landing accidents in one day graphically con¬ 
firmed the results of Project Combat Traction. Simply 
stated, the runway condition report (RCR) readings obtained by 
James Braking Decelerometer on wet and flooded runways provide 
an extremely optimistic figure for calculating the required 
stopping distances. In almost every test of wet and flooded 
runways during Project Combat Traction an (RCR) of from 17 
to 22 was obtained from the James Braking Decelerometer. An 
instrumented C-141 proved that a more realistic RCR would have 
been in the range of 9 for concrete to 12 for asphalt runways. 
It should be noted, however, that quite valid stopping dis¬ 
tances can be determined from the James Braking Decelerometer 
RCR values taken on snow and ice covered runways. It is where 
there is enough water on a runway to allow viscous skidding or 
hydroplaning that the James Braking Decelerometer readings 
can trap you. 

2. The diagonal braking vehicle technique used by NASA for 
obtaining stopping distances has been proven accurate within 
plus or minus five percent. A number of these specially 
modified vehicles will be available to Commands in the future; 
however, wet runway mishaps continue to occur. New precautions 
must be taken in predicting wet runway stopping distances. 

3. During the Combat Traction test several runways in CONUS 
and Europe were evaluated. The data from these tests can be 
used as a guide at those bases checked until diagonal braked 
vehicles are available. Commanders at bases that have not 
been evaluated should use an RCR of 9 for concrete runways 
when wet, an RCR of 12 for wet asphalt runways, and RCRs of 
6 or 7 for portions of the runway where heavy rubber deposits 
are present. 

4. Commanders must ensure that realistic RCR figures be 
used during wet runway operations. Action is being taken 
by this headquarters to expedite procurement of a diagonal 
braking vehicle for evaluating all USAF runways. 

152 

i 

..iMaiMüMirtMMiMiiaj.........auMnauáLaaMa . 



APPENDIX D 

ALMAJCOM MSG 1494/70 142352Z Nov 70, Wet Runway Operation 



A P PH N I.) I X 1) 

ALMAJCOM MSG 1949/70 1323522 Nov 70, Wet Runway Operation 

Due to the controversy over ALSAFHCOM 16/70, an ALMAJCOM mes¬ 
sage was dispatched. The provisions of Part I still apply for 
determining aircraft performance and the message is quoted as 
follows: 

JOINT AF/IGDS, AF/XOOTFB MESSAGE 

SUBJECT: WET RUNWAY OPERATION 

PART I. As a result of a meeting at HQ USAF, the following 
instructions will apply to operations on wet runway. Effec¬ 
tive immediately, those provisions of AFR 60-13 that apply to 
measurement of RCR on wet runways will not be used. However, 
those instructions in AFR 60-13 applicable to operation on 
snow and ice are valid and will be used. RCR values for wet 
runway operation recommended in the applicable aircraft dash- 
one flight handbook will be used by all USAF aircraft when 
wet runway conditions exist. (Wet runways are defined as a 
runway where water is visibly discernible on the runway sur¬ 
face.) This surface condition will be disseminated in accordance 
with the provisions of AFR 60-13, except that the sequence will 
state only tha* the runway is wet. 

PART II. Those bases evaluated by the diagonal braking vehicle 
technique during the Combat Traction test program will receive 
RCR values to be used on their runways. These values and the 
method of dissemination of this information await the final re¬ 
port of Combat Traction, but should be issued in 60* days. No 
further requests should be forwarded to NASA for evaluation of 
additional runways. Testing of additional bases will be on an 
operational priority basis. Request all Major Commands determine 
the priority of bases requiring evaluation and forward require¬ 
ments to AF/PREC, Wright-Patterson AFB, Ohio. Information 
conies will be sent to AF/XOOTFB, AF/IGDSFRO and AF/PREES. 

PART III. Additional testing of AF runways and further re¬ 
search of the procedures developed during Combat Traction will 
be conducted. It is anticipated that this phase will require 
at least one year. 
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WASA Water Surface Depth Instrument 



April 1470 
Brief 70-10103 

NASA TECH -i- 
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NASA Tech Briefs are issued to summarize specific innovations derived from the U.S. space program, 
to encourage their commercial application. C opies are available to the public at 15 cents each 
from the Clearinghouse for f ederal Scientific and lechnical Information, Springfield, Virginia 22151. 

W ater Surface Depth Instrument 

Tripod Base of Water Gauge 

A measurement gage has been d.wised to provide 
instant visual indication of water depth based on 
capillary action and light diffraction in a group of 
solid, highly polished polymethyl methacrylate rods. 
The device consists of a flat polymethyl methacrylate 
disc mounted on a small tripod. The 1/2-inch diameter 
polymethyl methacrylate rods are circularly mounted 
in the disc, parallel to the plane of the tripod base. 

The base height of each rod above the plane of the 
tripod feet (corresponding to the surface on which 
the water depth is to be measured) is numerically indi¬ 
cated on the disc top. 

When the countersunk end of the polymelhyl metha¬ 
crylate rods contacts the water surface, a capillary ef¬ 
fect is initiated. The effect is instantly visible by light 
refraction at the polished upper end of the rods which 

(continued overleaf) 

This document was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the United Stales 
Government nor any person acting on behalf of the United States 

Government assumes any liability resulting from the use ol the 
information contained in this document, or warrants that such use 
will be free from privately owned rights. 
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are immersed. Waler depth is indicated by the highest 
rod immersed. Pod lengths are adjustable to measure 
various water depths in any desired increments. 

These water depth gages will be used at air bases 
to correlate rainfall precipitation rate with water 
depth on the runway. 

Note: 
No additional documentation is available. Specific 

questions, however, may be directed to: 
Technology Utilization Officer 
Langley Research Center 
Hampton, Virginia 23365 
Reference: B70-10I03 

Patent status: 
Inquiries about obtaining rights for the commercial 

use of this invention may be made to NASA, Code 
GP, Washington, D.C. 20546. 

Source: Quinton C. Davis IV 
Langley Research Center 

(LAR-10576) 

Brief 70-10103 157 Category 07 
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APPENDIX 

Federal Aviation Regulation 121.195, Transport Category 
Airplanes: Turbine Engine Powered; Landing Limitations: 
Destination Airports 
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APPENDIX F 

Federal Aviation Regulation 121.195, Transport Category 
Airplanes: Turbine Engine Powered; Landing Limitations: 
Destination Airports 

Federal Aviation Regulation (FAR) 121.195 is applicable to air 
carriers engaged in interstate or overseas air transportation 
and establishes the landing limitations for turbine engine air¬ 
craft at destination airports. FAR 121.195 states; 

a. No person operating a turbine engine powered transport 
category airplane may take off that airplane at such a weight 
that (allowing for normal consumption of fuel and oil in flight 
to the destination or alternate airport) the weight of the air¬ 
plane on arrival would exceed the landing weight set forth in 
the Airplane Flight Manual for the elevation of the destination 
or alternate airport and the ambient temperature anticipated at 
the time of landing. 

b. Except as provided in paragraphs (c) , (d) or(e),of this 
section, no person operating a turbine engine powered transport 
category airplane may take off that airplane unless its weight 
on arrival, allowing normal consumption of fuel and oil in. 
flight (in accordance with the landing distance set forth in the 
Airplane Flight Manual for the elevation of the destination air¬ 
port and the wind conditions anticipated there at the time of 
landing), would allow a full stop landing at the intended desti¬ 
nation airport within 60 percent of the effective length of each 
runway described below from a point 50 feet above the intersec¬ 
tion of the obstruction clearance plane and the runway. For the 
purpose of determining the allowable landing weight at the desti¬ 
nation airport the following is assumed: 

(1) The airplane is landed on the most favorable runway 
and in the most favorable direction,in still air. 

(2) The airplane is landed on the most suitable runway 
considering the probable wind velocity and direction and the 
ground handling characteristics of the airplane, and considering 
other conditons such as landing aids and terrain. 

c. A turbopropeller powered airplane that would be prohibited 
from being taken off because it could not meet the requirements 
of paragraph (b) (2) of this section, may be taken off if an 
alternate airport is specified that meets all the requirements 
of this section except that the airplane can accomplish a full 
stop landing within 70 percent of the effective length of the 

runway. 
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d. Unless, based on a showing of actual operating landing 
techniques on wet runways, a shorter landing distance (but never 
less than that required by paragraph (b) of this section) has 
been approved for a specific type and model airplane and in¬ 
cluded in the airplane flight manual, no person may takeoff a 
turbojet powered airplane when the appropriate weather reports 
and forecasts, or a combination thereof, indicate that the run¬ 
ways at the destination airport may be wet or slippery at the 
estimated time of arrival unless the effective runway length at 
the destination airport is at least 115% of the runway length 
required under paragraph (b) of this section. 

e. A turbojet powered airplane that would be prohibited 
from being taken off because it could not meet the requirements 
of paragraph (b)(2) of this section may be taken off if an alter¬ 
nate airport is specified that meets all the requirements of 
paragraph (b) of this section. 

The above rule is shown graphically in Figure FI. The dry certifica¬ 
tion landing distance is frequently referred to a maximum per¬ 
formance landing. The aircraft is landed from a steady glide 
approach path with a calibrated airspeed of not less than 1.3 
of stall speed. To obtain the shortest air distance from 50- 
feet above the landing surface, the shortest transition distance 
and the shortest stopping distance, the aircraft is normally 
flown between a three to four and one-half degree glide path 
with a touchdown sinkrate of seven to nine feet per second. 
From the certification trials, the dry and wet landing runway 
lengths are established utilizing the above rule. 
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APPENDIX G 

DBV OPERATIONAL CHECKLIST 

BEFORE STARTING ENGINE: 

1. Perform Vehicle Check: AFTO 374, Vehicle Inspection 
Checklist. 

2. Stow Equipment: 

a. Spray paint with handle. 

b. Five small traffic cones. 

c. Forms - DBV dry and wet runs; section layout, 
water truck calibration. 

d. Slide rule. 

3. Mount test tires. 

4. Mount fifth wheel attachment and check for freedom of 
movement. 

5. Check tires (commercial tires: 32 psi; test tires and 
fifth wheel tire: 24 ± 1 psi). 

6. Turn all instrument switches to OFF. 

7. Check and rewind stop watch. 

CAUTION 

Do not back vehicle with fifth wheel in test position. 

AFTER STARTING ENGINE: 

1. Check engine instruments. 

2. Check brake pedal action. 

3. Check brake selector valve for free movement and leaks. 
Return selector valves to four-wheel braking. 

WARNING 

When not testing, operate vehicle in four-wheel braking mode 
only. 

4. Turn inverter power switch to ON. 



5. Press recorder POWER switch to ON. (Power light should 
come on and motor should start running.) 

6. Turn power switches for digital velocity and distance 

readouts to ON. 

7. Turn digital to analog (D-A) converter to ON 

8. Zero all instruments as follows: 

a. Reset velocity and distance readouts to clear dis¬ 
plays. (Reset velocity meter first.) 

b. Press TEST on velocity readout, should read 888. 

c. Press TEST on distance readout, should read 888. 

d. Place AUTO-MAN switch on velocity meter to AUTO-MODE 

EXCEPT for DD-1.1 velocity meter. 

MODE. 

9. 

10 

11 

e. Place AUTO-MAN switch on distance meters to AUTO- 

Set amplifier gain control. 

Zero styluses with position control on amplifiers. 

Press calibration switch on D-A converter. 

12. Set CHART SPEED (2.5 mm/sec for tare runs; 10 mm/sec 
for wet stops; 20 mm/sec for dry stops) and set heat control 

for sharply defined traces. 

13. Turn all instruments OFF; turn two-way radio to ON 
and set radio squelch and volume. 

PRO' EDING TO TEST AREA: 

1. Lower fifth wheel to test position; gently apply brakes 
and check wheel lockup circuit of velocity and distance meters 

CAUTION 

Do not back vehicle with fifth wheel in test mode. 

2. Do not proceed onto runway until directed by team. 

3. Turn roof warning light to ON. 

PRIOR TO TESTING: 
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1. Examine and assess test zone entrance and exit for 
possible emergency recovery action. 

2 With brakes fully released, close brake valve to 
road tire?:-Apply full" brake pressure and check for leakage 
of brake system. With diagonally braking selected, check 
for torque to the direction of front test tire. 

WARNING 

Do not select four-wheel braking during testing to preclude 
uncontrollable spins on wet pavement. 

3. Insure fifth wheel is lowered 

4. Insure safety belts and shoulder harnesses are secure; 
safety helmet on and confirm that all items are stowed. 

5. Turn velocity and distance meters to ON. 

6. Turn inverter power to ON. 

7. Turn recorder chart speed control to desired speed 
(2.5 mm/sec for tare runs; 10 mm/sec for wet stops; and 20 mm/sec 

for dry stops) . 

8. Turn D-A converter power to ON. 

ACCELERATION POINT; 

1. Reset distance and velocity meters. 

2. Recheck that manifold brake valves are in DBV mode. 

3. Advise test conductor that vehicle is ready for 
test. 

TEST RUN: 

1. Accelerate test vehicle to approximately 63-65 mph. 

2. Turn recorder to ON just prior to entering test section. 

3. Note readings of velocity and distance. Distance meters 
should indicate zero and velocity meters indicate DBV speed. 

4. Shift vehicle transmission to neutral position just as 
all four wheels of vehicle enter test zone. 

5. Allow vehicle to coast into test zone. At 60 mph, stamp 
on brake pedal and hold down hard (abreast of DBV break on point). 
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NOTF; 

Test wheels must lock up and remain locked for duration of test 
to be of any value. At lock up there will be a slight torque 
on the steering in the direction of the front wheel that is 

locked, so be prepared for this. 

6. Hold pedal down hard until DBV has come to a complete 

stop . 

AFTER STOPPING VEHICLE: 

1. Stop recorder. 

2. Place traffic cone on right side of the strip to denote 
return brake-on-point (recorder side of DBV). 

3. Read and record velocity and distance meter readings. 

4. Release all brake pressure. 

5. Clear test section and proceed to acceleration point for 

next run. 

NOTE 

DBV will remain in the two wheel braking mode throughout the 
entire test. Prior to leaving test area place in four-wheel 

braking mode. 

COMPLETION OF TESTING: 

1. Return brake selector valve to four wheel braking. 

WARNING 

Do not operate vehicle in diagonally braked mode when not on 

runway. 

2. Turn recorder power switch to OFF. 

3. Turn inverter power to OFF. 

4. Turn D-A power to OFF. 

5. Turn velocity and distance meters to OFF. 

6. Raise fifth wheel. 
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7. When departing runway, turn rotating beacon OH 

8. Turn radio to OFF. 
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Mu-Meter/Pickup Truck Operational Checklist 



APPENDIX H 

Mu-Meter/Pickup Truck Operational Checklist 

MU-METER CALIBRATION PROCEDURES 

The following steps outline the procedures for calibrating the 
Mu-Meter prior to each day of testing, after each change of 
tires and when sudden unexpected changes in readings occur. A 
minimum of two operators are required. 

1. Insure the Mu-Meter tires are clean and dry. The 
wheel tires must be completely smooth and all tire tread re¬ 
moved by operating the tires for approximately 20 minutes over 
dry pavements. 

2. All test board readings must be conducted when the 
tires are at ambient temperature. Note: Tires that have been 
cold soaked (temperatures near or below freezing) will harden 
the tire rubber causing high friction readings on the test board. 

3. Tire pressures for the recording wheels must be at 10 
± 1/2 psi and for the third wheel 30 ± 2 psi. 

4. Conduct all testing on a clean and dry floor (brush 
the area of the floor where testing is to be accomplished and 
wipe the test tires with a clean rag). The calibration board 
should be thoroughly cleaned with a stiff bristle brush (not 
metal bristles) from the inside toward the outer edge. Position 
the Mu-Meter with jockey wheel attached, third wheel down and 
right wheel locked in recording position just short of the test 
board. Do not walk on the abrasive surface while conducting 
the test. Prior to each check insure that data will be properly 
recorded by: 

a. Lifting styli (recording and event) using lifting 
. -m. 

b. Unlatching chart mechanism catch and moving mechanism 
clear of gears. 

c. Advancing chart paper about 1/2 inch. 

d. Relatching chart mechanism. 

e. Lowering styli using lifting arm. Note: Insure 
lifting arm is clear and not touching styli. 

f. Tighten chart paper by rotating gear wheel on right 
hand side of take-up spool. 

5. While one operator pulls the Mu-Meter forward over the 
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checking board at a slow and constant speed, the second operator 
follows and without placing any weight on the Mu-Meter oscil¬ 
lates the roll chart as the machine is moving, thus reading the 
friction between the recorder stylus and the roll chart surface. 

6. Repeat steps 4 and 5 above until consistent results are 
obtained. Normally the first check will be slightly different 
than subsequent checks. 

7. If the friction readings are low, adjust the turnbuckle 
so that the recording wheel angle is increased (shorten tu^n~ 
buckle) and if the readings are high, the turnbuckle should be 
lengthened to decrease the recording wheel angle. The correct 
amount of adjustment can be arrived at in either case only by 
trial and error. 

8. Once an average reading of 0.77 is obtained, the third 
or trail wheel should be raised and a calibration test per 
formed. The reading should increase to approximately 0.87. 
If an increase in friction reading of about 0.1 is not obtained, 
it indicates the load sensing system has lost fluid and should 
be refilled in accordance with the procedures outlined in the 
M.L. Aviation Co. Ltd. instruction and servicing manual. 

9. After off loading the Mu-Meter from the pickup truck, 
the integrator leadings should be checked by: 

a. Disconnecting the lower end of the bourden vertical 
link from the bourden arm. 

b. Setting stylus and distance counter (Window B) to 

zero . 

c. Disconnecting the flexible drive at the rear of 
recorder mechanism assembly. 

d. Turning the vertical drive shaft connecting the dis 
tance counter to the chart drive until a reading of at least 20 
digits is obtained in Window B. 

e. Assuring the integrator counter will not count with 
stylus set to zero. 

f. Setting the stylus to 0.03 and repeating step D 

above. 

g. Assuring the integrator just starts to count. 

h. Setting stylus to 0.5 and distance counter to zero. 
Repeat step d above, Window A should read 501 of that for win¬ 

dow B. 
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i Settine stylus to 1.0 and distance counter to zero. 
The integrator counter Window A should read the same count as 
on the distance counter (Window B). 

j. Checking the integrator window for the following 

INTEGRATOR WINDOW READING: STYLUS POSIT KIN. 

45 
130 
215 

0.0 
0.5 
1.0 
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PICKUP TRUCK OPERATIONAL CHECKLIST 

BEFORE STARTING ENGINE: 

1. Perform vehicle check: AFTO Form 374 Vehicle Inspection 
Checklist. 

2. Mount fifth wheel and check for security and freedom 
of movement. 

3. Turn remote readout and digital readout instrument 
switches to OFF. 

4. Insure proper forms are available (Mu-Meter dry and 
wet runs; and slope measurement). 

5. Check and rewind watch. 

6. Insure slide rule is available. 

7. Remove jockey wheel and attach Mu-Meter. Connect power/ 
instrumentation cord and pneumatic tube to receptacles. 

8. Check Mu-Meter event marker system from cab of vehicle. 

CAUTION 

Do not back vehicle with fifth wheel in test position or Mu- 
Meter attached. 

AFTER STARTING ENGINE: 

1. Check engine instruments. 

2. Check brake pedal action. 

3. Turn radio to ON and set volume and squelch controls. 

4. Turn power switches for digital velocity and distance 
readouts to ON. 

5. Press TEST on velocity meter, should read 888. 

6. Press TEST on distance meter, should read 8888. 

7. Place velocity meter to AUTO-MODE. 

8. Place distance meter to MAN. 

AT TEST AREA: 

1. Lower fifth wheel. 
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2 , 

3. 

4 . 

5 

6 

Turn distance and velocity meter to ON. 

Turn remote readout unit to ON. 

Turn rotating beacon to ON. 

Do not proceed onto runway until directed by team chief. 

Proceed to acceleration point. 

AT ACCELERATION POINT: 

1 . 

2. 

3. 

4 , 

5, 

6, 

Lower fifth wheel of Mu-Meter. 

Toe out moveable test wheel to locked position. 

Check supply of roll chart paper. 

Annotate chart paper with proper run designation number. 

Reset remote readout unit counters to zero. 

Advise test conductor that vehicle is ready for testing. 

DURING TEST RUN: 

Accelerate to 40 ± 3 mph prior to entering test section. 

2. Upon passing double cones, drivêr blips event marker 
twice and data collector starts remote readout unit while re¬ 
cording time entering test section. 

3. Driver blips event marker once abreast of DBV brake-on 
and stop points. 

4. Upon passing double cones at end of test section, driver 
blips event marker twice, and data collector stops remote read¬ 
out unit while recording time of exit. 

5. Decelerate and stop. 

6. Annotate chart paper for next run. 

AFTER COMPLETING TEST SECTION: 

1. Raise third wheel of Mu-Meter. 

2. Toe in moveable test wheel. 

3. Remove recorded roll chart paper 

4. Proceed to next test section. 
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COMPLE fION OF TESTING: 

1. Complete 1, 2 and 3 above. 

2. Raise fifth wheel. 

3. When departing runway turn rotating beacon to OFF 

4. Turn velocity and distance meters to OFF. 

5. Turn remote readout unit to OFF. 

6. Turn radio to OFF. 
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APPENDIX I 

OPERATIONS PLAN 
SKID RESISTANCE TESTING OF RUNWAYS 
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1. Introduction. A requirement to test the skid resistance/hydroplaning 

potential of runway(s) utilized by the USAF exists. The Air Force Civil 

Engineering Center (AFCEC) has been tasked to conduct the pavement traction 

tests using specially designed equipment to determine skidding/hydroplaning 

potential. Test results will be provided to the major commands including 

recommendations detailing the location and severity of expected hydroplaning 

potential. This Operations Plan outlines the tost procedures, base support 

requirements and general discussion of skidding/hydroplaning. 

2. Task Organizations. The base will task appropriate organizations that 

are required to support this testing effort. 

3. Test Objectives. The objectives of this testing effort are: 

a. Determine if and where there is a skidding/hydroplaning potential. 

b. If a problem exists, determine the severity. 

4. Responsibilities : 

a. The Team Chief of the Pavement Surface Effects Team has overall 

responsibility for conducting the skid resistance tests. 

b. The Base Project Officer is responsible for coordinating all local 

base support prior to and during the testing effort to include coordination 

of the runway closure times with the Chief of Airfield Management. 

5* Background. The problem of tire hydroplaning and aircraft skidding, 

which the pilot may not have any control over, did not become acute until 

the introduction of Jet aircraft, due to their increased landing speeds 

and increased frequency of adverse weather landings. There arc three reasons 

why an aircraft tire will hydroplane: 

a. Dynamic hydroplaning - occurs when an unbraked aircraft*tire operat¬ 

ing at a high ground speed on a wetted pavement surface spins down to a com¬ 

plete stop. This phenomenon results when a water film from 0.1 in. to 0.4 

in. (when water depth exceeds the tire tread depth) is present on a runway 

surface and the aircraft is traveling at a ground speed equal to or greater 

than nine times the square root of the tire pressure (knots). The tire 

stops rotating since the water cannot be ejected by the pressure of the 

rolling tire; consequently the center of pressure of the lift force 

moves forward of the wheel axle and creates a spin-down movement. If 

dynamic hydroplaning occurs duriijg a crosswind landing, the aircraft 

will drift off towards the downwind side of the runway. 

b. Viscous hydroplaning - occurs when contaminants such as dust and 

rubber particles are present on a smooth damp runway surface. This type 
of hydroplaning can occur at speeds much lower (35$) than dynamic hydro¬ 
planing. 

c. Reverted rubber hydroplaning - results from a locked wheel skid 
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of lengthy duration on a wet pavement. The runway friction is insufficient 

to bring the wheel up to speed, but enough friction is available to heat 

the water into steam forming a seal which delays water expulsion, thereby 

preventing tire contact with the pavement surface. Reverted rubber skidding 

normally leaves telltale white streaks on the pavement surface and foms 

elliptical shaped, sticky, tacky, slightly raised rubber patches on the 

aircraft tire. 

6. Test Program. 

a. Equipment. The standard skid resistance test requires the use of 

four pieces of equipment to evaluate the runway skid resistance/hydro¬ 

planing characteristics: 

(1) The Mu-Meter is a small trailer unit, developed by the 

British, for the specific purpose of recording the coefficient of fric¬ 

tion (Mu). The Mu-Meter continuously records the side-slip force between 

the test surface and the pneumatic tires which are set at a fixed toed-out 

angle. The coefficient of friction versus distance along the pavement 

is recorded on a paper graph and instrumentation in the vehicle cab inte¬ 

grates the coefficient of friction between any two selected points. The 

Mu-Meter must be towed at a constant speed of 40 MPH. 

(2) The Diagonal Braked Vehicle (DBV) is a highly instrumented 

station wagon which evaluates the stopping characteristic of a pavement 

surface. The DBV concept was developed by NASA and the DBV instrumenta¬ 

tion records the stopping distance of the vehicle from 60 MPH in a 

diagonally locked wheel mode. 

(3) The slope measurement device is a 10-ft. long rectangular 

section with machinists levels attached in order to determine in percent 

(to the nearest 0.1 percent) the slope of the pavement surface. 

(4) The water application truck (normally furnished by the base 

fire department) is used to apply water to the test section. The tank 

trailer should bold a wámmm of 2500 gallons, and be equipped with a 
pump-force water aystoi (independent of the vehicle drive train) and 

operative pump pressure gauge used to maintain a constant water output. 

The tractor unit mist be equipped with an operative engine tachometer 
in order to maintain a precise forward speed and a gearing/axle ratio 

which will enable the truck to maintain a constant low forward speed 

under changing load conditions. Normally the base F-6/7 runway fearner 

meets these specifications. The team will attach a special water 

spreader bar to the water application truck. 

b. Test Preparation. Prior to the skid resistance testing, the 

following actions must be accomplished by the base: 

(l) NOTAM prepared and dispatched, closing the test runway 

during the daylight hours. The closure times are: 

(a) Two and one-half hours for dry testing. 



(b) F eau* hours for wet testing. NOTE: Additional closure 
time may be reauired if the water truck malfunctions. A time interval of 

at least one hour between the two testing periods is required to reservice 

and calibrate equipment. 

(2) Arrange for two personnel to drive the water application 

truck and operate the pump engine. Insure the water application vehicle(s) 

are in operational condition. The water, both in storage and during the 

spraying application, must not become contaminated with foaming agent. 

The pump should be operated for a minimum of ten minutes to insure its 

operational capability before the team arrival. From previous experience, 

the tractor is operated at 1800 rpm tachometer setting or 500 ft/min on 

the fifth wheel indicator readout in second gear, low range axle. The 

water application vehicle will be reserviced utilizing special equipment 

provided by the team. 

(3) Arrange for a flightline driver and vehicle (equipped with a 

radio for communications with the tower). The vehicle will be used by 

the skid team chief for controlling all testing operations. 

(4) Obtain one copy of the runway layout plan detailing the 

transition between pavement types (nomially Tab C-5, Airfield Pavement 

Plan (see AFM 86-9, chap 2) of the master plan, contains the required 

drawings). 

(5) Arrange for vehicle maintenance support. Tire changing/ 

mounting facilities for standard tubeless tires, premium gasoline for 

the DBV and Mogas for the pickup truck. 

(6) Arrange for quarters for the military members of the skid 

resistance team, consisting of one officer and four enlisted personnel. 

Quarters will be required for the day preceding the test and the day of 

the test. 

(7) Arrange for barrier personnel to remove and reset barriers 

during each testing period. 

(8) Arrange for a clean, dry enclosed and secure area for cali¬ 

brating test equipment, preferably near the flightline. Normally a fire 

department stall is utilized since the team works closely with personnel 

¡ of the fire department. 

c. Teat Procedures. The standard skid test is conducted on preselected 

' 2000 ft. X 10 ft. sections of the pavement surface. Normally six to eight 

' test sections are selected to examine the pavement traction in the aircraft 

touchdown area (rubber deposit areas), the runway interior (primary braking 
area) and the pavement edge (representative of a non-traffic area). Cross- 

wind conditions will detemdne the selection of the central interior and 

edge sections since on a crowned runway the water will pile up on the upwind 

side causing a greater depth of water than on the downwind side; thus if 
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an aircraft were landing, using the center of the runway, the tire on the 

upwind side would hydroplane at a lower velocity than the tire on the down¬ 

wind side. A typical test section is shown in Figure 1. Once the sections 

have been determined, actual testing can be accomplished according to the 

following event schedule: 

(1) Dry Testing (2¿ hours): During this phase of the test program 

the dry skid resistance properties of the runway surface are measured. 

Transverse slope measurements are made at 1000 
required), test section marked, dry stops perfomed by the DBV, dry test 

runs conducted by the Mu-Meter and the water truck calibrate . .01e a 

the conclusion of the DBV dry stops, the vehicle will be immediately 

released to the motor pool for servicing and changing of tires. 

(2) Wet Testing U hours): During this phase each test section 

is artificially wetted using the water application truck to a 
heavy rainfall rate (0.5 to 0.8 inch per hour). Water is applied to each 

test7section in two passes, each pass places 0.1 inch of water for a total 

of 0.2 inch of water. Both the DBV and Mu-Meter tests are conducted 
immediately following water application. Tests are continued for thirty 

minutes after wetting to determine the pavement recovery/water runoff 

characteristics. At the completion of the second water pass, the water 

truck will proceed to the nearest water refill point. 

7. Data. The skid resistance team chief has overall responsibility for 

data acquisition, reduction and evaluation. Data collection will be 
accomplished in accordance with the standard skid resistance test manual. 
Meteorological observation weather reports by the Base Weather Detachment 

are required during the testing periods. This information is normally 

relayed to the team by the control tower. 

8 Test Site Operations. All work or functions performed on the test 

runway will be Controlled and managed by the skid resistance team chief. 

Due to the inherent dangers in this testing effort (vehicles working on 

wet pavements and at high speeds) all visitors must be approved and 

briefed prior to proceeding onto the runway. All pavement/bamer 

maintenance must be approved by the team chief. 

9 Safety. The skid resistance team chief is responsible for the overall 

safety conduct during the testing effort. All personnel participating 

in the testing effort will be thoroughly briefed as to their designated 

duties. In the event of a mishap the following procedures will be 

followed: 

a. The senior 
supervisor at the scene will direct appropriate first 

aid. 

b. If required, ambulance service will be notified through the tower 

communications net. 
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c. The skid resistance team chief will notify the host base safety 

office and the AFCEC. 

10. r.ommnmnations. Adequate communications will be maintained between 

the skid resistance team chief and the control tower. In the event of 

an impending aircraft emergency, tower personnel vail inform the skid 

resistance team chief to clear the runway (note personnel and equipment 

can clear the runway in less than five minutes). The skid team operates 

four portable radios on an approved CONUS-wide frequency 149.275MHz. 

The local base frequency management representative is required to approve 

use of this frequency. In the event frequency 149.275MHz cannot be 
utilized, the base will be required to supply four portable radios on an 

approved frequency. 



PRIMARY t TOUCHDOWN END 

TYPICAL TEST'SECTION LAYOUT 
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MOBILE EQUIPMENT SPECIFICATIONS 

FOR 

AIRLIFT SUPPORT 

DIAGONALLY BRAKED VEHICLES: 

Type: 1971 Plymouth Station Wagon 
Weight: 4400 lbs 
Cube: 700 cu ft 
Length: 216 in 
Height: 67 in 
Width: 82 in 
Hazardous: Fuel in Tank; Battery Acid 

MU-METER VEHICLE : 

Type: 1971 Truck Cargo Pickup, W/4 Door Cab 
Weight: 6700 lbs 
Cube: 976 Cu Ft 
Length: 227 in 
Height: 94 in 
Width: 79 in 
Hazardous Cargo: Fuel in Tank; Battery Acid 

NOTE: When team members accompany test equipment, MAJCOM 
airlift request should state that the five team 
members are authorized as couriers to accompany the 

dangerous cargo. 



Predeployment Checklist 
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SKID RESISTANCE EQUIPMENT AND SUPPLY LISTING 

NOUN 

DRV: 

Street Tires w/rims 

Crash Helmets 

Bumper Jack and Handle 

Hydraulic Jack and Handle 

Chain 

Tire Pressure Gauge 

Stop Watch 

Chocks 

Magnetic Compass 

MU-METER TRUCK: 

Mu-Meter Tires 

Mu-Meter Tire Rims 

ASTM DBV Tires 

DBV Tire Rims 

Mu-Meter Chart Paper 

DBV Chart Paper 

Calibration Board 

Remote Readout-Mu 

Transverse Slope Indicator 

Space Levels 

Water Spray Bar 

Compass 

QUANTITY STATUS 

4 ca 

3 ea 

1 ea 

1 ea 

1 ea 

1 ea 

1 ea 

1 ea 

1 ea 

(2 for every 6 
R/W tested + 2 
spares) 

4 ea 

2 R/W + 2 sparer 

4 ea 

1 1/2 roll/RW 

1 roll/4 bases 

1 ea 

1 ea 

1 ea 

2 ea 

1 ea 

1 ea 
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s- 
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A-
as
F-
vi
.ç
) 

NOUN 

Tire Pressure Gauges 

0-60 psi 
0-100 psi 

QUANTITY 

Stop Watches 

Steel Tape - 100 ft 

Clip Boards 

Computer Forms 

Envelopes 

Pavement Thermometer 

Portable FM Radios 

Portable Radio Chargers 

Portable Radio Batteries 

Grease Syringes 

Grease Spreader 

12" Ruler 

Masking Tape - 3/4" wide 

Operational Manual 

Armament Tape 

Slide Rule 

Spray Paint/Applicator Handle 

Silicon Spray 

Double MALE Connector 

Double FEMALE Connector 

2 1/2 to 1 1/2 Reducing Coupling 

Plain "Y" Coupling 

2 ea 
1 ea 

2 ea 

1 ea 

3 ea 

7 ea/RW 

1 ea/RW 

2 ea 

4 ea 

2 ea 

4 ea 

2/RW 

2 ea 

2 ea 

3 rolls 

1 ea 

2 rolls 

2 ea 

3 ea 

2 cans 

2 ea 

2 ea 

2 ea 

1 ea 
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NOUN 

Hose Cap 

Spanner Wrench 

Soft Suction Hose (4 1/2, 7, 
10-ft) 

8" Wrench 

10" Wrench 

String 

NASA Water Depth Gauge 

Spare Levels 

Slope Indicator Calibration 
Blocks 

Scissors Jack 

50' Extension Cord 

Jumper Cables 

Bungee Cord 

Tool Box 

Air Tank 

Flashlight with Batteries 

Motor Oil 

Mu-Meter 

Tie Down Straps 

Traffic Cones 

Fifth Wheel Assembly 

Flow Meter 

QUANTITY 

2 ea 

2 ea 

4 ea 

1 ea 

1 ea 

1 ea 

2 ea 

4 ea 

2 ea 

1 ea 

1 ea 

1. ea 

1 ea 

1 ea 

1 ea 

1 ea 

2 qt 

1 ea 

2 ea 

18 L/6 S 

2 ea 

1 ea 

1 box 

STATUS 

Detergent 

Bucket 
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NOUN 

Sponges 

Jug 

Assorted Rags 

Brushes, Nylon 

Tachometer 

Cups 

Silicone Fluid and Eye Dropper 

OTHER: 

GSA Credit Card 

Car Keys 

Orders: Courier/Mess State 
ment, Additional Baggage 

Trip Itinerary 

Camera (16mm/35 mm) 

Film 

Freq Clearance Msg 

Pens/Pencils 

Sign Out/In 

Impress Fund 

Request Military Air 

Airline (TR) Reservations 

Form 15 

Runway Identification Signs 
for Photos 

Preposition DBV Tires 
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QUANTITY 

3 ea 

1 ea 

1 bundle 

2 ea 

1 ea 

2 dz 

1 ea 

1 ea 

3 sets 

1/person 

1/vehicle 

as Reg 

as Reg 

1 ea 

5 ea 

1 ea 

1 set/base 

as Reg 

STATUS 
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APPENDIX K 

Typical Runway Skid Resistance Survey Report 

(Torrejon AB, Spain) 
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ABSTRACT 

Surfatl rïîïV'C'1 Engi"eering C<'nter (AFCEC) Pavement 
nlaíi^ f“?CtS Tegmri,CO'’-dUCted 3 skld resistance/hydro- 
planing analysis at Torrejon AB, Spain on 10 Sep 1974 
Test results indicate that Runway 05/23 centra/interior 

howeve*"3 SkÍ<3 rtsist3"“ characterisScs 
of ^ ¿entrai inien?9 occuired 3l°ng the „heel path area or trie central interior portion of the runwav The skid 

muiwav"?! pr°Perties of the Primary touchdown area 
deoSsiL endnfi Were P^°r dUe t0 accumuiation of rubber 
sk?d r^i ?d the secondary touchdown area had reduced 
skid resistance properties due to deposits of paraffin 
compound used to cure the PCC pavement 
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I. VA I,U AT ION OF RUNWAY Skin UÜSI STANCI. 

1• IntroJuct ton - This report contains a summary of the 
significant Jata resulting from skid resistance testing 
conducted by the AF Civil Engineering Center. The field 
tests were conducted to evaluate the runway skid resistance 
and hydroplaning characteristics in order to determine if 
any corrective action is necessary to improve the runway 
traction performance. 

2- Tes*Program - The test program consisted of field 
measurements of the pavement surface under dry and stand¬ 
ardized artificially wet conditions. In addition, trans¬ 
verse slope measurements were obtained for areas (approxi¬ 
mately 20 feet) on each side of the runway centerline to 
evaluate the surface drainage characteristics. 

3. Test Locations - Several test sections, each 20ÜU 
feet in length, were selected to reflect a representative 
sampling of the skid resistance/hydroplaning characteris¬ 
tics of the entire surface. The test section layout is 
shown in Figure 1. The test sections were selected to 
examine the pavement traction in the aircraft touchdown 
areas (rubber deposit areas), the ruhway interior (primary 
aircraft braking area) and the pavement edge (representa¬ 
tive of a non-traffic area). 

f• Equipment - The skid resistance/hydroplaning character¬ 
istics ot the runway surface were evaluated by two types of 
test equipment, a Mu-Meter and a Diagonally-braked Vehicle 
(DBV). Supporting equipment included a water application 
truck for artificial wetting and a special level device 
for measuring the slope of the pavement surface. 

a. The Mu-Meter is a small trailer unit designed and 
manufactured by M. L. Aviation (Maidenhead, birks, England) 
for determining the coefficient of friction (MU) between 
the pavement surface and the mu-meter tires. The Mu-Meter 
physically evaluates the side-slip force between the tires 
and pavement surface. It is a continuous recording device 
that graphically records the coefficient of friction (MU) 
versus distance along the pavement. This system is also 
equipped with instrumentation which integrates the MU versus 
distance curve to obtain the average coefficient of friction 
for selected areas within a test section. The Mu-Meter was 
operated at a constant speed of 40 mph, which is i.2 times 
the theoretical hydroplaning speed of the Mu-Meter. 

b. The DBV is a specially instrumented vehicle which was 
developed to evaluate the stopping characteristics of runway 
surfaces. The vehicle used is a station wagon configuration. 
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The PBV concept wfis devplm»í»íi i.i. 
combat traction program (NASA TN n poyi" ^,nju[’ct,un w'th î he 
The miv recor.K él", • ,TN i)*(,Uyrt- November, 1U7ÜÍ. 
diagonally locked wheel modo 1 stniu 0 el the vehicle in a 

diagonal braked wheels were equipped ^th ASTM^riri1'11 ‘ , r,K' Tirât înn i .Mm , • i 1L cquippeu with A.SrM tiri'S (speci- 
the effects of uiebalJ tlres «'.at cl'ra.nate 
free rotating ditg^n" îütT-traction-. T,‘° 
directional control wh i 1 *. ti f ®ssist J^e driver in maintaining 

locked during a skid, the ttop^SHhlïatf^ittitfot tl* 

õafyt"r:ehdLt?r;,,cd tl:rdt"ios,„s8olac„crr e Xehlcle (approximately 30U fe^t for hoto LrsLw / 
AC) and Portland Cement Concrete PCH surflílo ï !U Concrett 

It With the wet stopping distance rh„ ^ ?nd col"P>ring 
stopping distance dïîidld ieeí f.IêÍ.C°í the/et. 
distance) defines the runwaj stoppé t;ïreicaf:r^(ic“0PPln,! 

vehicle 3 furnished 
control the me of waterPañnitC J 3 ïf3ns t0 Prccisely 
in two passes, with the tru?wfí^r0?; Th? water was applied 

cachpaL Pl«eSÍ5hltÍ„%írrfkwt;ítf^lt^3ttsbtran?ir % 

foil owed Simmediatelyfaf ter íht1«1 Kftin8- and te»ing 
tine was the tîîe the w«é, îî,.ttCCnd P5*s,- The "zer0" “alcr 
test section during the «coÍ5 watí^ms "Íd P°Ínt °f the 

Sert?A„ lî®»?10?* mey?íírÍn8 device consisted of a rectangular 

slopes fS ^so^’to^d'eAnV2 

gradients 
at two places on each side 'oî”!!t’ru^îy"“^"?!«5 t3ke" 

for i JSer“t“.i'nhJJ^Ur?S USed 
characteristic, of the runway surf^Trt^uin^L.. 

detetninlrinî”“« îi^ï^y^^^uîr^ . 

Ía¿Í,°2f.center!in^at'1'the5intervalhown°ihCtl 

0.1 inchToh? rtf'" z^i 

runs"™ eacl^side'of “P P‘Zemeat 
and along the pavement edge. The DBV ascertained 
stopping pavement performance. ascertained the dry 
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e. Skid resistance tests under a standardized artificially 
wet condition were conducted as follows. 

(1) Water was applied to the test area in two passes, 
bach pass placed U.l inch of water. 

. (^) an^ Mu-Meter tests were conducted immediately 
following the second pass of the water truck. Half the test 
section runs were conducted in each runway direction. 

(3) All water truck, Mu-Meter, and DBV operations 
were recorded versus local time in order to determine the 
tractive recovery characteristics versus "zero" water time. 

6* Test Results - The pavement skid resistance results are 
reportea m terms of MU, coefficient of friction as measured 
by the Mu-Meter and stopping-distance-ratio (SUR), the wet to 
dry stopping distance ratio as measured by the diagonally 
braked vehicle. A summary of the test data and pavement 
rating tables is presented in Table 1. The rating tables 
were developed from data obtained during joint Air Force/NASA/ 
FAA tests. While the current state-of-the-art prevents a more 
precise delineation of exact aircraft responses. Table 1 pro¬ 
vides a good rule of thumb for interpretation of data. Table 
1 presents the combined average skid resistance values over 
different areas of the runway. The significant data are shown 
for periods of 3, 15, and 30 minutes after water was applied. 
Table 1 indicates how fast the skid resistance properties 
recover after the various sections of the runway surface are 
wetted. By comparing the actual measured valuer of MU and 
SDR shown at the top of Table 1 to the expected aircraft 
response shown at the bottom of the table, it is possible to 
judge if potential hydroplaning problems exist. 

7- Friction Variation - Figure 2 shows the actual friction 
versus distance trace as recorded by the Mu-Meter during the 
first test run after wetting for typical areas of the runway 
surface. It shows the variation of friction within the 2000 
feet test sections, and compares these results with the dry 
pavement condition. Sharp dips in the curve indicate lower 
friction values at these points, and probably results from 
one of several causes--ponding of water, local slick spots, 
etc. r ’ 

8: yifh T*?? Charts/Graphs - Appendix A contains 
charts summarizing ail test results“from the DBV and the 
Mu-Meter runs. Each chart contains complete information about 
a single test section. Appendix B contains graphs for eacJi 
test section showing the effect of time after wetting (inverse 
of water depth) to changes in surface friction and on the 
stopping distance ratio of the DBV. These graphs demonstrate 
tne natural drainage characteristics of the runway surface 
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and the time required for the skid resistance properties 
of each test section to return to a dry pavement condition. 
The curves were derived by curve fittiny the data obtained 
in Appendix A. 

y. 1ransverse Surface Slopes - Table 2 is a tabular summary 
of the meaVuretTsurTace slopes alone, both sides of the runway 
centerline. The relative slipperiness of a pavement and, con¬ 
sequently, its tendency to encourage hydroplaning is closely 
related to depth of water held on its surface. Since the 
amount and depth of water held are directly related to the 
surface slope, a complete evaluation of surface slopes is 
conducted. Transverse slope measurements are normally taken 
at the thresholds and abreast of each runway distance marker. 
Slopes are measured with a ten-foot long device perpendicular 
to and touching the marked runway centerline. A second measure¬ 
ment is taken perpendicular to and at a distance of 10 feet 
from the marked runway centerline. Thus, the transverse slope 
measurements encompass the aircraft wheel path areas, ¿0 feet 
each side of the runway centerline. In addition to the air¬ 
craft wheel path area transverse slopes, transverse slope 
measurements were taken in the edge test section abreast of the 
applicable runway distance markers. The center of the slope 
indicator was aligned perpendicular with the center of the 10 
foot wide edge test section. Positive slopes indicate water 
drains away from the centerline towards the edge while negative 
slopes indicate water drainage toward the runway centerline. 
In general, surface slopes in excess of one percent promote 
good to excellent drainage conditions, if water is able to run¬ 
off the surface without ponding (crown and single tilted slab 
runways). AFM 86-8, Chapter 2, Table 1 specifies the trans¬ 
verse grades for Air Force runways. These standards are appli¬ 
cable to future authorized construction only and existing in¬ 

stallations will not be modified nor expanded merely because 
of nonconformity. For rigid pavements the minimum transverse 
slope is 0.51 and the maximum transverse slope is 1.0%. For 
flexible pavements the desired transverse gradient is i.5%. 
The transverse runway grade requirements are not mandatory 
at or adjacent to runway intersections, where the pavement 
surfaces must be warped. Certain exceptions are also made 
where runway shoulder and gutter construction is involved. 
The maximum transverse gradient specified for rigid pavements 
may be increased to not more than 1.5% when new construction 
must match existing pavement and when excessive rainfall intro¬ 
duces a requirement for increased runoff. 

10. Longitudinal Surface Slope - Table 2 also contains a tabu¬ 
lar summary of the runway longitudinal surface slope. Slope 
measurements were taken along the runway centerline abreast 
of each runway distance marker. Positive slopes indicate 
water drainage away from the referenced runway threshold while 
negative slopes indicate water drainage toward the referenced 
runway threshold. The referenced runway threshold is desia- 
nated in Table 2. 
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11 * Weather - Test sections were selected in order that the 
wind would impede the water runoff. Table 3 is a resume of 
the weather data for each test section. 

12• Pavement Description/History - Appendix C is a brief 
description of the runway including the construction and 
maintenance history. This information was obtained from 
the base and it is the best assessment of the pavement his¬ 
tory/condition. If a pavement condition survey was accomplished, 
this information was incorporated to supplement/verify 
historical records. 

13. Discussions/Conclusions : 

a. Examination of field data indicates that the skid 
resistance properties of Runway 05/23 range from good to 
satisfactory. The central interior portion of the runway, 
where aircraft normally accomplish their primary braking 
has satisfactory skid resistance properties. The primary 
touchdown zone exhibited poor skid resistance properties 
due to poor pavement texture resulting from accumulation 
of rubber deposits (see Figure 3). The secondary touchdown 
zone (Runway 05 end, PCC portion only) also exhibited poor 
skid resistance properties, not due primarily to rubber 
deposit accumulation (spotty) but rather due to deposits of 
paraffin compound used to cure the PCC pavement (See Figure 
4). Visual observation and transverse slope measurements 
indicated that the central interior portion of the runway 
has poor water drainage characteristics (see Figures 5 & 6). 
Both touchdown areas exhibited good drainage. 

b. The effects of aircraft traffic and foreign material 
(oil, JP-4, etc.) accumulation on the skid resistance charac¬ 
teristics can generally be detected by comparing the skid 
resistance properties of the edge section and the central 
interior test sections. Differences were noted between the 
edge section (G) and the two central interior test sections 
(C and D) due to water ponding which occurred in the interior 
test sections. It is not valid to make textural comparisons 
between a section with excessive water ponding and a section 
with good drainage characteristics (G). Figure 7 shows the 
pavement texture of Section C. 

c. The three minute SDR value (see Table 1) for the 
central interior area does not exceed the suggested hydroplan¬ 
ing threshold SDR value of 2.0; thus little or no hydroplaning 
should be enocuntered; however, it should be noted that the 
mu-meter values and the initial SDR value for Section C suggest 
a slight chance for hydroplaning due to water ponding. The 
primary touchdown area (Runway 23 end) did exhibit very 
high hydroplaning potential due -to the accumulation of rubber 
deposits. It should be noted that all test sections were 
reduced from 2,000 feet to 1,200 feet in length due to the 
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water capacity limitations of the base water distributor, 
therefore, it was not possible to determine the extent of 
pavement slipperiness using the DBV, since the DBV departed 
the 1,200 foot section on the initial run. Visual obse ra¬ 
tion of the primary touchdown area did not indicate heav^ 
rubber buildup; however, it is probable that the chemical 
process for removing rubber deposits sealed the normal AC 
surface texture resulting in a very smooth AC textured pave¬ 
ment. The secondary touchdown area (Runway 05 end, PCC pave¬ 
ment) exhibited potential for hydroplaning due to deposits 
of paraffin. The new AC overlay (Runway 05 end) exhibited 
good traction characterisitcs. In particular, the DBV came 
to a sudden stop on the new overlay when the vehicle trans- 
versed from the slippery secondary touchdown PCC surface to 
the new AC surface. 

d. Two aircraft hydroplaning mishaps were reported to 
the team. In Aug 73, both main gear tires of an F-lll were 
blown after suspected hydroplaning and in Jan 74, the left 
main gear tire of an F-4C was blown during landing roll on 
a wet runway. The base safety office stated that poor runway 
drainage characteristics and the crosswind landing limitations 
imposed by USAFE for F-4 aircraft necessitates an approach end 
barrier engagement any time hydroplaning is anticipated. Four 
F-4C approach end barrier engagements were made since 1973 due 
to anticipated hydroplaning problems. 

e. It should be noted that the primary and secondary 
touchdown area recovery graphs (Appendix B) have very steep 
slopes which is indicative of a pavement that recovers extremely 
fast. The good recovery characteristics were primarily due to 
the high ambient/pavement temperatures and low relative humidity. 
During natural rainfall conditions the pavement would recover 
at a much slower rate. 
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tables 

1. Data Summary/Pavement Rating 

2. Cross Slope Measurements 

3. Weather Data Summary 
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C D 
C'NTfR 

p 
TOUC«DOMN, SECONDARY 

C 
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3 MIN. 15 MIN. 
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- -- ^A^O ÜNOE« 

CERTAIN NET CONDITIONS 

—twrereRt mt? very hi gh -rrorab-mtr por - 
MOST AIPSRAPT TO MYOROPLANE 

Stopping PATI0/AIRFIE4.D PAVEMENT PATINGUl 

JL-JOL -- 2 «0 m HY DR OgkA-NXNG_A_N.ll£lPA.I,Eg, 

2.0 - 2.5 POTENTIAL NOT NELL DEFINED. 

7.5 - 3.5 

GRATER THAN 3.5 

POTENTIAL FOR HYDROPLANING. 

-ttry^hioh hydroplaning- 
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FIGURES 

1. Layout of Test Sections 

2. Friction Variation Traces 

3 ~ 7. Photographs 
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R/ W 05/ 23 

PRIMARY TOUCHDOWN SECTION JB 

CENTER SECTION _C 

EDGE SECTION 6 

FIGURE 2. INITIAL Mu METER TRACES 
FOR TEST SECTIONS 
TORREJON AB, SPAIN 
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FIGURE 3. Photograph showing the rubber deposits of the 
primary touchdown zone (Section A). Note water 
distributor applying second pass of water. 
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figure 4. Photograph showing the pavement texture 
(Portland Cement Concrete) of Section E. 
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FIGURE 5. Photograph showing the water ponding in Section 
C (interior test section) due to poor transverse 
slopes. 
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FIGURE 6. Photograph showing the water ponding in Section D 
(interior test section) due to poor transverse 

slopes. 
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FIGURE 7 Photograph showing the pavement texture 
(asphaltic concrete) of Section C. 
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APPENDIX B 

Recovery Characteristic Graphs 

Average Coefficient of Friction (MU) vs Time 

Stopping Distance Ratio vs Time 
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APPENDIX C 

Pavement Description/History 
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TORREJON AB, SPAIN - RUNWAY 05/23 

Primary Approach End: R/W 23 End 

Length: 13,400 Feet 

Width: 200 Feet 

Construction in 1955-56: 

Construction in 1973-74 

Last Rubber Removal; 

The interior portion of the runway 
was overlayed with AC. Aggregates 
were a mixture of crushed limestone, 
crushed river gravel, sand and mineral 
filler, with 5-6% bitumen in the 
surface course. 

Runway 23 end: The first 425 feet 
of PCC was replaced and the next 
1,075 feet received an AC o’ 2rlay 
(coal tar emulsion with granite 
chip seal coat). Runway 05 end: 
Two center PCC slabs replaced for 
1,000 feet and the next 500 feet 
was overlayed with AC. 

Deposits removed by chemical process 
(dicloro-ethyl benzine) and mechani¬ 
cal abrasion, 1971. 

Precipitation: Annual Rainfall 
Annual Snowfall 
Highest Month 
Lowest Month 

17.54 inches 
Trace 
Nov (2.67 inches) 
Aug (0.33 inches) 

Pavement Condition: Both Ends: GOOD. Interior: FAIR 



DISTRIBUTION 

Copies 

HQ USAF/PREES 2 
Washington DC 20330 

CINCUSAFE/DE 6 
APO New York 09012 

CINCSAC/DE 1 
Offutt AFB NE 68113 

MAC/DE 1 
Scott AFB IL 62225 

TAC/DEMM 1 
Langley AFB VA 23365 

AFWL/DEZ 1 
Kirtland AFB NM 87117 

AUL 1 
Maxwell AFB AL 36112 

AFIT/DET 1 
Wright-Patterson AFB OH 45433 

HQ USAF/XOOFB 1 
Washington DC 20330 

HQ USAF/AFISC/SEFBF 1 
Norton AFB CA 92409 

NASA 1 
Langley Research Center 
MS 497 (Attn: Mr Horne) 
Hampton VA 23665 

Dept of Transportation 1 
Federal Aviation Administration 
Flight Test Branch, (AFS-160) 
Washington DC 20591 
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Water Truck Crew Briefing Check List 

Does driver know proper tachometer setting to follow? 

Tachometer:_rpm 

Does driver know proper gear/axle range to use, and 

does he understand this cannot be changed during a 

wetting operation: _gear (low)(high)_range. 

Does driver know to make all wetting passes in the same 

direction, sta'\.ing the initial pass from the same end 

the test vehicles will make their initial runs? 

Does driver know that upon completion of the final 

wetting run in each test strip, he should turn sharply 

out of the way of the test vehicles traveling at 40-60 

mph? Turn towards the refill location. 

Does pump operator know to begin water discharge 50 feet 

prior to entering the test strip, not to vary the discharge 

rate in any way, and wet 25 feet after exiting the test 
strip? Pump pressure:_psi. 

Is there sufficient fuel to operate the waterpumping system 

and truck so that no refueling is required during testing 

sequence? 

Do driver and pump operator understand the layout of the 

test sections so they both know what area ^ TRAFFIC C0N£S 
is to be wetted? 

DIRECTION OF 
WATER LAY 

Form 1. Water Truck Crew Briefing Checklist. 
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DATE BASE 

TYPE TRUCK ( ) (f - 7) ( isoo-goi w/D) 

GALLONS DISCHARGED (GD):- 

FEET TRAVELED - 
TIME_ (MW)/ (SEC? TOTAL SEC. 

TRACTOR RPM -- 
PUMP PRESSURE-- 
PUMP RPMa- 

RPM, 

RPM 

W0 (RPMo) ( NO GALs WATER DISCHARGED ) ( RPM ) 
W. ' (DIST OF DISCHARGE), ... . 

-TÍÕÕÕ) ( , 

CGdU E RPMq 1 
F Dist of Dischorge 1 
L IOOO J d 

TIME, Wo (TIME, 
Wn 

(Wd ) (TIME, OF DISCHARGE) (2) 
(GALLONS DISCHARGED ) 

)( )(2) 

) 

READJUSTED RPM 

RPM 
(TIME o )(RPM o ) 

(TIMEd) 

( )( ) 

( ) 

Wd » No. Gallons of Water Desired / 1,000 ft., for^flNjin^pray 

_J ~ desired 

Porm 2. Water Truck Computation Worksheet. 
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HEADER CARD NO.I 

No of Reason» for Testing ( EX I3R / 3IL ) 

HEADER CARD NO. 3 

NO. SECTIONS TO BE COMSNED 

FOR OVERALL ' ûting OF 
PRMAR> TCw.k_.-L .VM ufiEA 

:wxtw- 
V27XÄ 

NO. SECTIONS TO BE COMBINED 

FOR OVERALL RATING OF 

RUNMWr CENTER (MAX -4) 

NO. SECTIONS TO BE COMBINED 
FOR OVERALL RATING OF 

SECONDARY TCJCHDGWN AREA 

(MAX-4) 

0!KC»ra3E3Cm5® 
UZZÂÆXÆâAA i 

NO. SECTIONS TO BE COMBNED 
FOR OVERALL RATING OF 

RUNUAY EDGE (MAX.-4) 

^'jTJ'ZCJZZTSLm 

DESIGNATION OF 
PRIMARY TOUCHDOWN 

SECTIONS 

? 4 13 14 Î15 16 17 18 t9 20 

4 & 1 
DESIGNATION OF 

CENI ER SECTIONS 

ft ? 33 34 35 36 37 30 39 40 

Z J L 
DESIGNATION OF 
SECONDARY 

TOUCHDOWN SECTIONS 

3 
» 54 sels? 58 59 60 □ 

DESIGNATION OF 
EDGE SECTIONS 

73 74 ¡75 76 77 70 79 00 

L c «Ml . 

Form 5. Header Card No. 1 and 3. 
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GENERAL INFORMATION. WEATHER.AND WATER RECORD 

RECORDER DATE 

GENERAL 

INFORMATION 

WEATHER 

INFORMATION 

WATER 
RECORD 

MB 

" GAL'S " •- 

Povemwt T*mp 

TYPE VA LONG 

y 
PAÆMENT V SLOPE 

-F7T 
] TRANS- V 

VERSE y 
SLOPE / 

SECTION 

LENGTH 

WOUUUVs 

K 

_ 
DIST 

FROM <t 

777 OKTTO 
START 
oFoev 
SECT 

WATER 

DEPTH 

n 24 » M I» » M 37 3ê 3* 40 

y 
22?2î 

DATE (S) OF TEST 

Form 6. General Information, Weather and Water Record. 
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MU-METER RUNS ON DRY PAVEMENT 

BASE. 

RECORDER. 

RUNWAY, 

DATE _ 

TEST SECTION 

FIRST RUN 

RUN 

DESIGNATION 
I ï if « 5[C 

I 

TME C 
DIAL 

T i • r •TmmwK 
\imnm 

uw 

B 

DIAL 
20 

RUN 

DESIGNATION 
21 22 25 24 25 24 Tf 2« 2* 

— — 

SECOND RUN 
YZ 

TIME 

30 

c 
DIAL 

33 M 33 
. A Dial 

s/Y/P* j59"40 ' 
'/r/A IM 1 

0- ZERO 

ALL DATA IS RK3HT JUSTFED. THIS MEANS 
ANY BLANK SPACES ARE AT LEFT OF 
FIELD. 

EXAMPLE 

RUN 
DESIGNATION 

TME 

1 2 5 4 9 • ? • i 10 

h 4 1 o w 1 3 5 6 

c 
DIAL 

8 
DIAL 

^niDEif'isn 
m mm* 

Form 7. Mu-Meter Runs on Dry Pavement Record. 
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DBV RUNS ON DRY PAVEMENT 

BASE RUNWAY. 

RECORDER DATE 

TEST SECTION 

FIRST RUN 

77.///A uci crriD 

SECOND RUN 

run 
DESIGNATION Tl!vc 5¾¾¾ 

tl it IS M » I« » 

I Mi 

T STOP 
OIST 

S»|40 
■ t 1 

THIRD RUN FOURTH RUN 

RUN 
DESIGNATION 

TIME VEL 
mph 

41 4t «S 44 48 48 4» 48 48 SO » 84 88 

f/á 'i 

NQIES 0- LETTER 0 

0» ZERO 
ALL DATA IS RIGHT JUSTIFIED. THIS MEANS 
ANY BLANK SPACES ARE AT LEFT OF 

FIELD. 

EXAMPLE 

c 

RUN 

DESIGNATION 

TME VEL 

fflp* 1 STOP 

D6T 

I A > 4^ _8_ T_ nnwy.z Ü J8 s SL J8_ lJL to 

A 4 1 D e 1 3 

m
 

m
 4 1 I 3 S 5 

Form 8. DBV Runs on Dry Pavement Record. 
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AIRFIELD 

DBV STOPPING TIME AND DISTANCE ON WET LAVEMENT 

RUNWAY 

RECORDER DATE 

ZERO WATER TIME : + 25 •I- 30:. 
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EXAMPLES 

A A 1 > ' •" Í s|¡ Hi As 55 Í / 2 7Á Hi ïï’t 55 ¡ Í43 
B ♦ ‘ w N / 5 0/ 'it 7/A t ' Í Z: 59 J 

ill /, > HZ 
I i 

5 2 
i » 6 

4 

NOTES: ZERO-0, LETTER 0-0. ALL DATA IS RIGHT-JUSTFIED 

THIS MEANS ANY BLANK SRICES ARE AT LEFT OF FIELD 

Form 10. DBV Stopping Time and Distance on Wet Pavement Record. 
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PAVEMENT CROSS-SLOPE MEASUREMENTS 

RECORDER RUNWAY- BASE 

CASE I 

% 
—i . . 

SIGN CONVENTION 

CASE II CASE HI 

i Iz I » I • lui,«ura HUNWAr 
V. yÇv/pyA Í-\ r end 

WrAa 1 1 1 1 J( NORTH,ETC) [ 

, NO UNES 
USED 
BELOW 

R/W END 

-,-15 

i n n n n n n riu n ^ no a ti//□ n b u f/□ o il u EXAMPLE 

Form.11. Pavement Cross-Slope Measurements Record. 
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