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SYNOPSIS 

This investigation was a pilot study to generally 

evaluate the Keystone Mark IV Skid Resistance Tester and 

determine if such equipment could be used to complement the 

Missouri skid trailer. 

Although the portable tester had good repeatability 

and the results were not adversely affected by different 

operators or variations in the amount of water used to wet 

the surface, the correlation obtained between the portable 

tester and the Missouri skid trailer was generally unsatis ­

factory. 
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INTRODUCTION 

The Missouri state Highway Department is presently 

involved in a research program investigating skid resistance 

characteristics of various pavement types and materials used 

throughout the state . A skid trailer, conforming to ASTM 

E-274-70, is being used in that program o The skid trailer 

is a commercial model manufactured as Model 965A . by Ko J o 

Law Engineers, Incorporated o 

Due to the length required to obtain a test, the 

skid trailer is undesirable for testing short bridge deck 

spans, short sections of experimental skid resistant over~ 

lays, or certain inaccessible accident areas o A portable 

skid tester having a good corre l ation with a skid trailer 

could be used to determine surface friction properties for 

these condit ions 0 It was therefore considered necessary to 

determine the correlation that existed between a portable 

skid tester and the Missouri skid trailer o 

The Keystone Mark IV Skid Res istance Tester was 

c hosen for this correlation b e c ause a literature search 

i ndicated that it would be the most feasib l e for a correla-

tion study and field application o The tester was purchased 

from Die=A- Mat ic , Inco of York, pennsylvania and is shown in 

Appendix Ao The Keystone Mark IV Skid Res istance Tester, 

the commercial version of the Penn State Drag Tester, has 

been desc ribed in detail b y Kummer (1). (2)* 0 

* Number in parenthesis refers to references g iven in 
Bi b liography o 
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This investigation was a pilot study to generally 

evaluate the portable tester. The repeatability of results 

with this equipment as well as the correlation between the 

Missouri trailer and the portable tester were evaluated over 

a limited scale. 
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CONCLUS IONS 

Based on the field work and the statistical analyses 

carried out in this study, the following conclusions have 

been reac hed: 

I . The statistical analyses made in this study 

indicate that the portable tester-skid trailer correlation 

did not produce acceptable relationships. The standard 

errors of the regression equations (one equation for each 

trailer speed) for the combination of al l surface types were 

too large . Better linear regressions were found on a Port-

land cement concrete surface than on asphaltic concrete or 

any of the other bituminous surfac es included in this study. 

2 . There a.ppears to be an effect of surface texture 

on the correlations obtained . This would require an additional 

test to measure surface texture, to be used with the portable 

tester results , to adequately evaluate the surfac e friction 

properties . 

3. Eva l u a tio n o f the pavement fri c tio n using the 
I 

portabl e tes t er and sk i d tra i l er resul t e d in the portable 

tester class i fy i ng a muc h l a rger p e r c e ntage of the test 

loc ations as h a v i ng i nadequa t e surface f riction when test 

results obta i ne d by e a c h piec e of equ i pment were compared 

to publ i she d standards i n NCHRP Report 37 . 

4 . The o veral l s e ns i tivity of the portable tester 

appea red t o be i nadequa t e as e v idenc ed by the range of Drag 

Tester Numbers obta ined o 
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5 . The portable tester results were not affected 

by the quantities of water used when testing asphaltic 

concrete or Portland cement concrete . Also, the results 

were not affected by the operator on asphaltic concrete, 

Portland cement concrete, or a bituminous treated surface. 

Replicate measurements were found to be within three Drag 

Tester Numbers on asphaltic or Portland cement concrete and 

within seven Drag Tester Numbers on a bituminous treated 

surface, using a 99 percent probability level in both cases . 
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IMPLEMENTATION 

The results of this pilot correlation study indi­

c ates the Keystone Mark IV Skid Resistance Tester t o be 

an unsatisfactory instrument, used alone; for compl eme nt i ng 

the Mi ssouri skid trailer o Use of an auxiliary t e st to 

measure surfac e texture c ombined with the Drag Tester Numbe r 

might be required to provide a satisfac tory mult i ple 

correlation between the two piec es of equipment 0 Suc h an 

additional measurement would o in our opinion, defeat the 

purpose for whic h we had intended to use this equipment 0 

It is. therefore, not recommended at this time to c ontinue 

this study as the portable tester did not adequate ly evalu­

ate the pavement friction o 
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SCOPE 

Repeatability of Portable Tester 

Several tests were conducted with the portable 

tester to determine the equipmentQ s repeatabilityo There 

were three objectives for the series of tests performed: (1) 

to determine what effect, if any, the amount of water applied 

to the pavement surface had upon the Drag Tester readings , 

(2) to determine the influence of different operators on the 

Drag Tester readings , and (3) to determine the precision 

with which the portable tester could repeat itselfo 

Tests were conducted on asphaltic concrete, Portland 

cement concrete, and a bituminous treated surfaceo Analysis 

of varianc e was used to help evaluate the results from each 

series of tests o 

Correlation Tests 

Portland cement concrete, asphaltic concrete and 

other bituminous surfaces were tested over the same area by 

the portable tester and the Missour i skid trailer to determine 

if a satisfactory correlation existed between them o The 

locations se lected for the correlation tests were those 

pavements whic h were scheduled t o be tested with the skid 

trai1ero As a result, sur face s i n several areas of the 

state were sampled during Oc tober. 1971 0 

Simple linear correlation and regression analyses, 

using the least squares method 6 were performed using the 

data from each individual test location within a test site 

7 



(five locations per site). separate analyses were made for 

individual speeds ranging from 20 to 50 MPH. 

The Portland cement concrete surfaces sampled were 

located within four Highway Department districts and ranged 

in age from one year to sixteen years . A total of 12 sep­

arate test sites (sections of pavement) were sampled 0 

The surfaces composed of asphaltic concrete (AC), 

plant mix bituminous surface (PM), plant mix bituminous 

maintenance leveling course (LC), or bituminous treated 

surface (BT) (comparable to a sealcoat) were loc ated within 

six Highway Department districts and ranged in ag'e from less 

than one year to seven years . A total of seven separate 

test sites were sampled on asphaltic concrete, four on a 

plant mix bituminous surface, seven on a plant mix bituminous 

maintenanc e leveling course, and one on a bituminous treated 

surface o 
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PROCEDURE 

Tests were conducted generally in accordance with 

ASTM procedures for the skid trailer and the manufacturer ' s 

procedures for the portable tester . One exception in the 

test procedure for the portable tester was the temperature 

correction. The tests obtained with the Drag Tester were 

corrected to a dry surface temperature of 80 + 60 F rather 

than a wet surface temperature of 76 + 6oF, as no standard 

procedure was given for determining the wet surface temper­

ature. 

There were some indications that a new slider pad 

gave higher Drag Tester Numbers (DTN) than a used pad . Re­

peated tests on one pad at the same location resulted in 

the DTN becoming fairly constant after sliding approximately 

180 to 200 feet . Therefore, before any new slider was used 

to obtain data, it was required to be preconditioned by 

making approximately 12 or more tests on a wetted surface. 

A total of four tests (eac h 15 feet long) were 

obtained at each test loc ation o These were averaged to 

obtain the DTN to be used in r e peatability tests and the 

correlation study o 

The drag tester was calibrated weekly using the 

manufac turer Os calibration procedure o The field check for 

c alibration was performed periodically throughout each 

testing day o These calibrations and c hecks were found to 

be satisfac tory with i n the period o f the a c tual field tests 

during the study o 
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Repeatability of Portable Tester 

Quantity of Test Water - One factor which would 

appear to determine how well a test value could be repeated 

is the amount of water on the surface when the test was made. 

The manufacturer ' s instructions were to "thoroughly flush 

surface" with clean water. 

sites on asphaltic concrete and Portland cement con­

crete surfaces were tested which were to represent relatively 

high and low friction levels. Three locations at each site 

were tested with four Drag Tester readings obtained at each 

location. 

Water was applied with a garden- type sprinkler c an. 

Tests were run with a single application of water and a 

double application (two passes with the sprinkle r can) . The 

same operator ran the tests for each application of water, 

and all of the tests were run within a time period of approx­

imately two hours. No temperature corrections were made 

because the temperature was practically constant on each 

surface type . 

Operator Influence - Tests to determine the operator 

influence were made on the same locations which were used to 

determine the effect of the quantity of the test water . Three 

operators were used with a random order of testing, and all 

of the tests were run within a time period of approximately 

three hours. Again no temperature corrections were made 

because the pcvement surface temperatures were within + 8 0 F 

of each other . 

- 10 -
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Tests to determine the operator influence were 

also conducted on a bit~minous treated surface (repre­

senting conditions encountered on a sealcoat surface). 

Locations were chosen with a bleeding asphalt surface as 

well as a surface with coarse aggregate well exposed and 

protruding through the asphalt binder. Three operators 

were used with a random order of testing. 

Replicate Tests - When conducting the tests to 

determine the operator influence, replicate measurements 

were made by all operators. This was done to assist in 

the analysis of operator influence and also to determine 

the precision with which the average of four readings 

could be duplicated over the same surface. The replicate 

measurement was taken immediately following the initial 

measurement. 

Correlation Tests 

The field procedure for the correlation tests was 

established to provide for the portable tester measurements 

to be taken over the same area of the roadway which the 

skid trailer had tested. Five tests, at a given test speed, 

are normally made with the skid trailer on a predetermined 

length of pavement. The five test locations were temporar­

ily identified at sites which were to be used for the 

correlation study. All test cycles with the skid trailer 

were initiated at these reference points at each location. 

The testing with the portable tester was also referenced 

from these points so that the portable tester results, to 

- 11 -



be correlated with a specific trailer speed, would be ob­

tained over the same area of the roadway which was tested 

with the skid trailer. The portable tester was run on the 

same day as the skid trailer in each case . The locked wheel 

coefficient of friction was the princ ipal coefficient inves­

tigated . The Missouri skid trailer also measure~ the incip­

ient or slip coefficient which is normally from 1 . 5 to 2.0 

times greater than the locked wheel coefficient . The rela­

tionship of the slip coefficient to the portable tester 

DTN, varied according to the speed at which the slip number 

was obtained. It became evident that a study of this 

relationship could not be thoroughly evaluated during the 

time period of this pilot study . Therefore, only locked 

wheel coefficients are discussed . 

Test speeds for the skid trailer were established 

as 20, 30, 40, and 50 MPH . Test speeds on undivided pave­

ment were 20, 30, and 40 MPH in one lane (direction) and 40 

and 50 MPH in the opposite lane . sites located on divIded 

pavement were tested generally at 40 and 50 MPH . On one 

occasion, tests were made at 20 MPH on divided pavement. 

Tests used in the correlation were obtained with the left 

wheel of the trailer. For each speed tested, four tests 

were made with the portable tester to arrive at an average 

DTN to be used for the correlation . The dry pavement 

surface temperature was measured periodically at a test site 

and the DTN was corrected to a common temperature of 80 

+ 6oF, according to the procedure outlined by the manufac­

turer in Appendix B. 

- 12 -
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RESULTS AND DISCUSSION 

Repeatability of Portable Tester 

Quantity of Test water - The data from the tests 

to determine the influence of quantity of test water are 

shown in Table Ia o Analysis of variance (Table Ib) was used 

to determine if the amount of water on the surface made a 

significant difference in the test results . The analysis 

did not show the quantity of water to be a significant 

factor in the amount of variation observed. The signifi­

cance level (a) of the F-Ratio in the analysis of variance 

tables must be at least equal to, or less than, the 0.05 

level for the f actor to be judged as significant in tnis 

analysis o 

The quantity of test water applied not having a sig­

nificant eff ect on the portable tester results was somewhat 

unexpected . Previous evidence of this effect has been ob­

tained by several skid trailer units. The sensitivity of 

the portable tester did not appear to be adequate for 

detecting small differences. 

Operator Influence - The data from the tests to 

determin e the operator influence on asphaltic concrete and 

Portland c ement concrete are shown in Table IIa and illus­

trated in Figure 1. Analysis of variance (Table IIb) was 

used and it was determined that the variation in operators 

was not a significant contr ibutor to the amount of varia­

tion observed. Most of the variat ion in this analysis was 

found to exist between test sites. 

- 13 -



Results from the tests to determine the operator 

influence on a bituminous treated surface are shown in Table 

IIIa and illustrated in Figure 2. Analysis of variance 

(Table IIIb) did not show the operators to be a significant 

contributor to the variation measured. Most of the variation 

in this analysis was found to exist between surface textures. 

Replicate Tests - An analysis of the replicate tests 

for asphaltic and Portland cement concrete , using all opera-

tors, was made to determine the precision with which the 

average o f four readings could be duplicated over the same 

surface . The di f ference between average DTN for each repli-

cate, at each test location, was determined . These data are 

shown in Table IV and illustrated in Figure 3 . From these 

differences, a standard deviation of a single average DTN 

was determined according to the procedure outlined by Youden 

(3) and given as : 

Standard Dev iation (0-) = -V (Difference)-2 
2n 

where Diff erence = DTNRepl . l - DTNRepl . 2 

The average di f ference between replicates is related 

to the standard deviation, as shown in Youden, with 

Average Di f ference Between Replicates = 1 . 128 (0-) . 

This gives an, estimated average di f ference between replicate 

DTN of + 1 Drag Tester Number for Portland cement concrete 

and asphaltic concrete surfaces. The "t" distribution was 

used due to the small sample size (n = less than 30). Using 

a 99 percent probability and n = 18 the ' average di f ference 

between replicate DTN would be estimated to be within + 3 

Drag Tester Numbers. 
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Table Ia 

Effect of Quantity of water Applied to Surface 
on Drag Tester Number (DTN) 

For Asphaltic and Portland Cement Concrete Surfaces 

Site Location 

II 1 
(PCC) 2 

3 

III 1 
(AC) 2 

3 

Avg o DTN 
For Application 

Single 
Application 
of Water 

36 025 
35 050 
36 075 

43 025 
42 075 
42 050 

39 , 50 

DTN* 
Double 

Application 
of Water 

38 . 25 
38.50 
39 075 

43 075 
40 . 25 
41 000 

40.25 

* DTN is an average of four tests at each location. 

Table Ib 

Avg. DTN 
For Site 

37 . 50 

42.50 

Effect of Quantity of Water Applied to Surface 
on Drag Tester Number (DTN) 

For Asphaltic and Portland Cement Concrete Surfaces 
Analysis of Variance Table 

Source of 
Variation 

Degrees of Sum of 
Freedom Squares 

Sites (R ) 

Water (F) 
Applic at i on 

Sites x 
Water Appl . 

Re sidual 

Tota l 

1 

1 

1 

8 

1 1 

(R) = Random e ffe c t 
(F ) = Fixed effect 

NoS o = Not Significant 

67 . 688 

1.688 

11.020 

9 . 1 66 

89 . 562 

- 15 -

Mean F- Ratio 
Square 

67 0688 59 . 1 

1. 688 0 02 

1 1 0020 9 . 6 

1 0146 

8 . 142 

a. 

0 . 001 

NoS. 

0.025 



Table IIa 

Effect of Operators on Drag Tester Number (DTN) 
For Asphaltic and Portland Cement Concrete Surfaces 

Loc a~ Rep1i- DTN* Avg. DTN 
site tion cate Operator A Operator B Operator C For Site 

1 

II 2 

1 
2 
1 
2 
1 
2 

33 . 50 
33 . 00 
35.75 
33.75 
39 025 
35 . 00 

34.25 
33.75 
32 050 
31 075 
34.00 
34 000 

34.00 
34 025 
33 0 00 
33 . 50 
35 . 00 
35 000 

34 . 18 
(PCC) 

3 

1 

III 
(AC) 

2 

1 
2 
1 
2 
1 
2 

47.00 
46 . 25 
43 . 25 
42 . 50 
42 . 75 
42 . 25 

43 050 
44 . 00 
4 1. 50 
4 1 0 25 
44 . 50 
43.50 

44 0 25 
43 . 50 
43 . 50 
42.25 
41050 
40 075 

43 022 

3 

Avg . DTN 
For Operator 39 . 52 38 . 21 38 . 38 

* DTN is an average of four tests at eac h location o 

Table lIb 

Effec t of Operators on Drag Tester Number (DTN) 
For Asphalt ic and Portland Cement Conc rete Surfaces 

Analysis of Varianc e Table 

Source of Degrees of Sum of Mean F- Ratio 
Variation Freedom Squares ~uare 

Operators (R) 2 12 0253 6 0127 5 09 
Sites (R) 1 735.766 735 0766 85.4 

Loc a tions Within 
Sites (R) 4 34 . 451 8 . 613 2 . 7 

Operators x Sites 2 2 . 073 1 . 036 0 . 3 
Operators x 

Locations 
Within Sites 8 25 . 528 3 . 191 4.0 

Within Cells 18 14 . 406 .800 
Total 35 824 . 477 23 . 556 

( R) = Random effect 
N. S . = Not Significant 

"-

- 16 -
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1 
1 Figure 1: Comparison of DTN Between Oper ators 

On Asphaltic and Portland Cement Concrete Surfaces 
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Table IlIa 

Effec t of Operators on Drag Tester Number (DTN) 
For Bituminous Treated Surface 

DTN* 
site I site II 

Knobby Surface Texture Smooth Surface Texture 
Location Oper. A Oper . B Oper .c Oper . A Oper oB 

1 34 025 35 000 34 025 25.50 23 000 
34 050 34 075 36 050 21 . 00 25 .00 

2 35 . 50 34 . 25 37 . 75 27 . 50 26 . 50 
38 00 0 36 050 38 075 23 .00 25 . 50 

Avg o DTN 
For Oper e 35 050 35 . 00 36 075 24 025 25 000 

Avg o DTN 
For S i te 35 075 24 050 

* DTN is an average of four t e sts at each loc ation o 

Table IIIb 

Effect of Operators on Drag Tester Number (DTN) 
For Bituminous Treated Surface 

Ana l ysis of variance Table 

QE.er oC 

24 . 50 
21 050 

26 0 50 
22 075 

23 075 

Sourc e of Degrees of Sum of Mean F- Ratio a variation Freedom SquarE.s .e.guare 

Surface Texture (F) 1 790 0628 790 0628 189 . 4 0 . 01 
Operators (R) 2 0 0672 0 . 336 0 05 NoS. 
Location (R) 1 210 565 21 . 565 34 . 4 0.05 
Surface Textures x 

Operators 2 8 0349 4 0174 4 02 N.S. 
Surfac e Textures x 

Location 1 0 . 00 3 0 0003 000 N.S. 
Operators x 

Location 2 1 0255 0 . 628 0 . 2 N.S. 
Surface Textures x 

Operators x 
Locations 2 1 . 974 0 . 987 0 03 N.S 0 

within Cells 12 43 0031 3 0586 
Total 23 867 0477 

(F) = Fixed Effec t 
(R) :; Random Effec t 

NoSo = Not Significant 
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Figure 2: Comparison of DTN Between Operators 
On Bituminous Treated Surface 
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Table IV 

Difference in Drag Tester Number (DTN) 
Between Repl icate Me a surements on 

Asphaltic and Portland Cement Conc rete Surfaces 

DTN* 
Repl i c ate 

1 
Replicate 

2 
Difference 

33 . 50 
35 0 75 
39 . 25 
47 000 
4 3 0 25 
42 075 
34 . 25 
32 . 50 
34 000 
4 3 050 
41 050 
44 050 
34.00 
33 000 
35 . 00 
44 0 25 
43 0 50 
41 050 

3 3 0 0 0 
33 . 75 
35 0 00 
46 0 25 
42 050 
42 025 
33 . 75 
31. 75 
34 000 
44 0 00 
4 10 25 
43 . 50 
34 025 
33 . 50 
35000 
43 050 
42 025 
4 0 075 

* DTN ~ Ave rage of four tests 

Standard Deviation ( CT) of single DTN =: 

V28 08 l 25 = 
36 

Averag e Difference Between Re p licates ~ 

+0 050 
+2 . 00 
+4 025 

0 075 
+0 0 75 
+0 050 
+0 050 
+0 075 

0.00 
-0 050 
+0 0 25 
+1000 
~0 0 25 

-0 . 50 
0 000 

+0 0 75 
+10 25 
+0 0 75 

0 . 8946 

1.128 (0.8946) = LOI 
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A similar analysis was made for the replicate tests 

on the bituminous treated surface. The analysis of the 

replicate tests (Table V, Figure 4) gave an average difference 

between replicate DTN of + 2 Drag Tester Numbers. using a 

99 percent probability and n = 12, the average difference 

between DTN would be estimated to be within + 7 Drag Tester 

Numbers. 

The difference between replicates is much greater 

on a bituminous treated surface than on a Portland cement 

concrete or asphaltic concrete surface. Field observations 

substantiated these findings as the deflection of the indi­

cator on the portable tester dial varied over a much wider 

range on the bituminous treated surface . variation in 

surface texture within a wheelpath is much greater on the 

bituminous treated surface which contributes to the larger 

error found between replicates. 

Correlation Tests 

Correlation tests between the drag tester and skid 

trailer were made on Portland cement concrete surfaces, 

asphaltic concrete surfaces, plant mix bituminous surfaces, 

maintenance leveling courses, and a bituminous treated 

surface. The surfaces were judged as ' being a smooth or 

knobby textured surface at the time the field tests were 

made. For each type of surface, separate analyses were 

made on those projects falling into the knobby or smooth 

categories, as well as analyses of all projects combined. 

- 22 -
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Analyses were also made for all projects on all surface 

types and textures. 

Portland cement Concrete Surfaces - The results of 

the simple linear correlation and regression analyses for 

the Portland cement concrete surface are shown in Table VI 

and the data are plotted in Figure 5. 

The correlation coefficient "r" was tested for 

significance using the table of correlation coefficients 

given in Brownlee (4) . In this study, the " r" must have a 

significanc e level (a) of at least the 0 . 05 level in order 

to be judged as significant o significant correlation coef­

ficients were obtained in all c ases except for the knobby 

textured surface . As can be seen in Table VI, the standard 

error of the predicted skid trailer coefficient of friction 

(CF) r a nged from + 0.031 to + 0.040 f o r the significant 

correlation coefficients o 

There does appear to be a small reduction in the 

standard erro r o f pre dic t e d CF if the surfaces are stratified 

(Table VI ) a ccording t o whether the surfac e texture is 

smooth or knobby . This i nd icat e s there may be some effect 

of surface text ure on the correlation between the portable 

tester and the skid trailer o 

- 23 -



Table V 

Difference in Drag Tester Number (DTN) 
Between Replic ate Measurements on 

a Bituminous Treated Surface 

DTN* 
Replicate Replicate 

1 2 

34.25 
35.50 
35 . 00 
34.25 
34.25 
37.75 
25.50 
27 . 50 
23 . 00 
26 . 50 
24 . 50 
26 0 50 

34.50 
38 . 00 
34.75 
36 . 50 
36 . 50 
38.75 
21 . 00 
2~ 0 00 
25 . 00 
25 . 50 
21 . 50 
22 . 50 

Differenc e 

- 0 025 
- 2 . 50 
+0 025 
- 2 025 
- 2 025 
- 1.00 
+4 . 50 
+3 . 50 
-2 . 00 
- 1 . 00 
+3 000 
+4 . 00 

* DTN = Average of four tests 

Standard Deviation (cr) of singl e DTN = 

'-J ~~ = 1.9149 

Average Difference Between Repl icates = 

1 . 128 (1.9149) = 2 . 16 
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Table VI 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs. 
Missouri Skid Trailer Coefficient of Friction (CF) 

Portland Cement Concrete Surfaces (PC) 

Coeff. 
Surface Trailer Regression .Equation Correlation Std. Error of 
Texture Speed N CF = a + b{DTN} Coefficient of Variation 

a b "r" ex. "CF" % 

t\J Combined 20 30 -0.03142 0 . 01508 0.92 0 . 001 0.032 5.9 0'1 
30 30 0 . 10503 0 . 00930 0 . 78 0.001 0.032 7.0 
40 85 0.10337 0 . 00816 0 . 68 0.001 0.037 9.0 
50 55 0 . 11487 0 000650 0 . 52 0 . 001 0.040 11.0 

Smooth 20 25 -0 . 01452 0.01471 0 . 91 0 . 001 0.031 5.6 
30 25 0 ~ 13279 0 000864 0 . 72 0.001 0.035 7.5 
40 70 0.14473 0 . 00728 0.68 0 . 001 0.031 7.4 
50 50 0 . 13818 0 0 00607 0 . 59 0 . 001 0.032 8.7 

Knobby 20 5 0 . 70727 -0 . 00770 -0.49 N.S. 0.021 4 . 7 
30 5 0 . 17808 0 . 00680 0 . 86 N.S. 0.007 1.7 
40 15 0 . 45132 -0 . 00306 -0.32 N.S. 0 . 027 7 . 8 
50 5 0 . 14811 0 . 00371 0 . 58 N.S. 0.105 5.2 

N.S. = Not Significant 
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Figure 5: DTN by Portable Tester vs. CF by Missouri Skid Trailer 
For Portland Cement Concrete Surfaces 
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Asphaltic Concrete and Bituminous Surfaces - The 

analyses for the asphaltic concrete, plant mix bituminous 

surfaces, maintenance leveling courses and bituminous treated 

surfaces are shown in Tables VII through X. The data are 

plotted in Figures 6 through 9. The results are erratic 

regarding significant correlations obtained. Significant 

correlations are obtained at all speeds on the plant mix 

bituminous (PM) surface while no significant correlations 

were found at any speed on the bituminous treated (BT) 

surface. 

The only significant correlation on the leveling 

course (LC) surface was obtained at 20 MPH. The test speeds 

of 20, 40, and 50 MPH gave significant correlations on the 

asphaltic concrete (AC) surface. 

The standard error (of the predicted CF) ranges from 

+ 0.034 to + 0.118 on the various surface types . Regression 

equations with errors of this magnitude would not be useful 

for purposes of predicting a coefficient of friction based 

on results of the portable tester alone. 

Like the Portland cement concrete surface, the asphaltic 

c oncrete and bituminous surfaces were also subdivided accord­

ing to smooth or knobby textures. The asphaltic concrete 

could be divided into two groups, according to smooth or 

knobby textured surfaces and the results of the analyses for 

these groups are shown in Table X. There is a reduction in 

standard error when the test sites are stratified according 

to the two surface texture groups. The significance of the 
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correlations remains the same at 30, 40, and 50 MPH. The 

20 MPH data on the smooth textured surface produced an 

equation with a negative slope which would be unrealistic 

for this relationship. 

The combination of asphaltic concrete and all 

bituminous surfaces was analyzed with stratifications 

according to smooth or knobby textures. The results are 

shown in Table XI. Significant correlations were obtained 

at all speeds for both textures except the 30 MPH speed on 

the smooth texture. However, the range in standard error 

of CF did not change appreciably, from what was found when 

analyzing the data according to surface types. 

All Surface Types - Simple linear correlation and 

regression analyses were performed on the combination of all 

projects for all s u rfac e types 0 The results of the analyses 

are shown in Table XII and the regress ion equations are 

p lotted in Figure 10 0 Signific ant correlations were obtained 

at all speeds, but the standard error (o f the predic t e d CF) 

ranged from + 0 006 0 to ± 0 0078 0 Regress ion equations (one 

for eac h trailer speed) for all surface types, with errors 

of this magnitude 6 would not b e useful for purposes of 

predic ting a coefficient of friction based upon results pf 

the portable tester alone . 

Effect of Surface Textur e 

It has b een previously noted that there appears to 

be a small reduc tion in the standard error of pre dicted CF 

if the surfaces are stratified acc ording to whether the 
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Table VII 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs. 
Missouri Skid Trailer Coefficient of Friction (CF) 

Plant Mix Bituminous Surface (PM) 

N 

24 
24 
30 
15 

N 

5 
5 

10 
5 

Knobby Surface Texture 

Regression Equation Correlation Std. Error 
CF = a+ b(DTN) Coefficient of 

a b IIrl! ~ lieF" 

-0.00593 0.01519 0.60 0.01 0.080 
-0.04625 0.01449 0.54 0.01 0.118 
-0.56165 0.02553 0.72 0.001 0.088 
-0.37807 0.01949 0.62 0.02 0.097 

Table VIII 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs. 
Missouri Skid Trailer coefficient of Friction (CF) 

Bituminous Treated Surface (BT) 
Knobby Surface Texture 

Regression Equation Correlation Std. Error 
CF = a + b(DTN) Coefficient of 

a b IIrll ~ li eF!! 

0 . 12790 0.00667 0.46 N.S. 0.040 
0.17913 0.00336 0.32 N.S. 0.035 
0.08030 0.00541 0.24 N.S. 0.054 
1.12270 -0.03109 -0.64 N.S. 0.059 

Table IX 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs. 
Missouri Skid Trailer Coefficient of Friction (CF) 

Coeff. 
of 

Variation 
% 

14.5 
25.3 
21.7 
27.9 

Coeff. 
of 

Variation 
~ 

12.9 
12.9 
23.5 
24.7 

Plant Mix Bituminous Maintenance Leveling Course Surface (LC) 
Smooth Surface Texture 

Regression Equation 
N ~F = a + b(DTN) 

a b 

34 0.34773 0.00776 
23 0.35135 0.00508 
66 0.38516 0.00263 
33 0.25114 0.00474 

Correlation 
Coefficient 
~ ~ 

0.60 0.001 
0.38 N.S. 
0.17 N.S. 
0.26 N.S. 

Std. Error 
of 

"CF" 

0.034 
0.045 
0.046 
0.051 

Coeff. 
of 

Variation 
% 

5.3 
8.2 
9.4 

11.7 

N.S. Not Significant 
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Figure 6: DTN by Portable Tester vs. CF by Missouri Skid Trailer 
For Plant Mix Bituminous Surfaces 

• 
/ 

/ 

. / ... , 

/ / I· / 
I • • ' SCF~ / 

""'), ~ / .. 
9l • 
/ 

/ 

V 20 MPH 

/ 

/ 

I 
/ 

CF 0.01519 (DTN) - 0.006 
N 24 
r 0.60 

SCF = 0 . 080 

20 40 60 

. 80 

~ . 60 
u 

Il:: 

~ 
H 

~ 
E-< .40 
Q 
H 
:<: 
Ul 

.20 

o 

V 
CF 

N 
r 

SCF 

PORTABLE TESTER (DTN) 

30 MPH 
0.01449 
24 

(DTN) I­

I 
0.54 
0.118 

/ ./. 

I 
/ 

I 

• .1 . / I. 
/ . 

/ 

• /. 
/ 

I 

. / 
• I 

. / . / 
I . 

/ \ 
/ 

I 
/ 

20 40 

/ 
I 

. 80 , .80 

V 40 MPH V = 50 MPH 

0.046 

/ 

60 

CF 0.02553 CF 0.01949 (DTN) - 0.378 
- 0.562 N 15 

N = 30 r 0.62 
~ .60 r 0.72 ~ . 60 SCF 0.097 
u 

SCF 0.088 u 

Il:: Il:: 
I'Ll I'Ll 
..:I ..:I 
H H 

~ .40 ~ .40 E-< E-< 

Q Q 
H H 
:<: :<: 
Ul Ul 

.20~ I / /' .20~ 

0 20 40 60 0 20 40 60 

PORTABLE TESTER (DTN) 

- 31 -



.80 r-

. 60 

Ii. 
U 

0:; 
~ 
...:I .40 
H 

~ 
E-< 

0 
H 
:.:; 
UJ 

.20 

o 

.80 r-

Ii. .60 u 

0:; 
~ 
...:I 
H 

~ 
E-< . 40 
0 
H 
:.:; 
UJ 

.20 I-

o 

Figure 7: DTN by Portable Tester vs. CF by Missouri Skid Trailer 
Fo r a Bituminous Treated Surface 

.80 

V 20 MPH V 30 MPH 
CF 0 . 128 + 0.00667 (DTN) 

. 60 ~ CF 0.179 + 0.00336 (DTN) 
N 5 N = 5 
r 0 . 46 r 0.32 

SCF 0.040 SCF 0.035 

Ii. 
U 

0:; 

___ ~ SCF 
~ 
...:I .40 

~/ H 

,,/' ,. ~ . --'" .'" E-< 

~ ,,'" . --- 0 --. '" H .--'" :.:; 
'" .-

---
UJ ----" .20 

20 40 60 o 20 40 60 

PORTABLE TESTER (DTN) 

.80 

V 40 MPH V = 50 MPH 
CF 0.080 + 0 . 00541 (DTN) No Trend Established 

N 10 
r 0.24 

SCF 0.054 Ii. .60 u 

0:; 
~ 
...:I 
H 

~ 
E-< .40 
0 
H . ,,/' :.:; • 

~ 
UJ • • 

.20 .--. .--
.--.--. •• 

.--.--

20 40 60 o 20 40 60 

PO RTABLE TESTER (DTN) 

- 32 -

1 

I 
] 

) 

oJ 
'-

] 

1 
I 
J 



1 

1 
1 
1 .80 

.60 I ~ 
u 

p:; 
~ 
H 
H 

~ .40 E-< 

0 
H 
::<: 
UJ 

.20 ~ 

o 

j .80 r 

J 
.60 ~ 

u 

] p:; 
~ 
H 
H 

~ .40 

J 
E-< 

0 
H 
::<: 
[fJ 

r • 

.20 

f 
o 

f 

1 

Figure 8: DTN by Portable Tester vs. CF by Missouri Skid Trailer 
For Plant Mix Bituminous Maintenance Leveling Course 
Surfaces 
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Table X 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs. 
Missouri Skid Trailer Coefficient of Friction (CF) 

Asphaltic Concrete Surfaces (AC) 

Coeff. 
Surface Trailer Regression Equation Correlation Std. Error of 
Texture Speed N CF = a + b{DTN} Coefficient of variation 

a b " r ll a "eF" ¥ 
% 

W Combined 20 20 -0.66988 0 . 03204 0.69 0.001 0.096 16 04 ~ 

30 10 0 . 30154 0 000384 0.23 N.S. 0 . 047 10.6 
40 45 0.02486 0.01066 0 066 0.001 0.056 13 . 5 
50 35 0.06750 0 . 00854 0.79 0.001 0.035 9.4 

Smooth 20 10 0.71594 -0.00023 -0003 N.S. 00029 4.1 
40 20 0.25565 0 000591 0.67 0.01 0.021 4.3 
50 20 0.17651 0 000619 0 068 0.001 0.021 4.6 

Knobby 20 10 -0.18849 0 001747 0070 0 . 05 0.041 8.9 
30 10 0.30154 0000384 0.23 NoS. 00047 10.6 
40 25 0.19773 0 000461 0.53 0.01 00035 9.8 
50 15 0.14988 0 0 00531 0.74 0.01 0.030 9.2 

N.S. = Not Significant 
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Figure 9: DTN by Portable Tester vs. CF by Missouri Skid Trailer 
For Asphaltic Concrete Surfaces 
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Surfac e Trailer 
Texture Speed 

LV Combined 20 (j\ 

30 
40 
50 

Smooth 20 
30 
40 
50 

Knobby 20 
30 
40 
50 

Table XI 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs . 
Missouri Skid Trailer Coefficient of Friction (CF) 

Asphaltic Conc rete and Bituminous Surfaces 

Regression Equation Correlation 
N CF == a + b{DTN} Coefficient 

a b "r" a 

83 -0 . 14494 0 001931 0 072 00 001 
62 -0 008613 0 001553 0 . 67 0 0001 

151 -0.13706 0 001525 0 . 69 0 0001 
88 -0 . 04486 0 . 01167 0 . 64 0 0001 

44 0033347 0 000822 0 055 0 0001 
23 0 . 35135- 0000508 0 038 N.S. 
86 0.35510 0 000339 0 . 22 0 005 
53 0 021834 0 000540 0 035 0 002 

39 -0.11670 0 001724 0 069 0 0001 
39 -0.10084 0 001548 0 . 63 0 . 001 
65 -0 015821 0001478 0 071 0 . 001 
35 -0 . 00562 0 000961 0 058 0 . 001 

NoS. == Not Significant 

'- '-- ...- ...... 

Coeff. 
Std. Error of 

of variation 
"CF" % 

00086 14 . 8 
0 0089 18.6 
00073 16 08 
00065 1608 

00040 6.0 
0.045 8.2 
0.041 8 07 
0.043 1001 

0 0094 18.8 
0 0100 22.9 
0.077 21.4 
0 0076 23.6 
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surfac e texture is smooth or knobby. The reduction in 

standard errors, when stratifying by surface textures, may 

suggest that surface texture influences the correlation 

between the two types of testers o There is evidence (5) 

that surface texture determines the magnitude of the 

speed gradient (change in CF per unit change in speed). 

It is the effect of the surface texture on the speed 

gradient which some investigators believe to be respon­

sible for the poor correlation between the portable 

tester and skid trailers o 

It appears that the regression equations are 

dependent on the surfac e type and texture o Results 

indic ate that a better correlation would be obtained if 

a measure of the effects of surface type and texture 

were inc l uded o To be ot value Q however, the resultant 

equation would have to be significant over the entire 

range of speed gradients o This o along with the portable 

t e ster Os inabi l ity to have good repeatab i lity over a 

b i tumino us treated surfac e , would indic ate that the 

equipment would be inadequate to use f o r determining a 

pavement Os fri c t i on lev e lo 

Paveme nt Fric tion Eva l ua tion 

The evaluat ion of the skid resistance of pavement 

surfac es t e sted in this study yields diffe rent results, 

depending on whether the po rtable tester or skid trailer 

was used . This sta t ement is based on a c omparison of the 

c orrelat ion test resul ts with the rec ommended minimum 

inter i m Skid Numbers (SN) and Drag Tester Numbers (DTN) 

as g iven in NCHRP Report 37 (5 ). The coefficient of 
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Table XII 

Correlation and Regression Results 
Portable Tester Drag Tester Number (DTN) 

vs . 
Missouri Skid Trailer Coeffic ient of Friction (CF) 

All Surface Types 

Regression Equation Correlation 
N CF = a + b{DTN} Coeff icient 

a b "r" ex. 

113 - 0 011295 0 00181 4 0 073 0 0001 
92 -0 . 01779 0 001327 0 064 0 0001 

236 - 0 . 05706 0 . 01286 0 . 66 0 0001 
143 0 . 01903 0 . 00957 0 057 00001 

Coeffo 
Std . Error of 

of variation 
"CF" % 

0.078 13.7 
0.078 16 . 6 
00065 15 . 3 
0.060 15 . 9 
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Figure 10: DTN by Portable Tester vs. CF by Missouri Skid Trailer 
For All Surface Types 

. 80 
V = 20 MPH V = 30 MPH 

CF 0 . 01814 CF 0.01327 (DTN) / 
/ - 0.113 - 0.018 / 

N = 113 N = 92 / 
r 0.73 r 0.64 / 

.60 I SCF 0.078 . 60 SCF 0 . 078 / / 
~ / u / 

/ 
/ 

0:: / / 
~ / / 
~ / / H 

.40 ~ .40 / / 
/ / 

Eo< / / 
Cl / / H / :.:: / 
rJl / 

/ 
.2 0 I- .20 / 

/ 
/ 

o 20 40 60 o 20 40 

PORTABLE TESTER (DTN) 

. 80 r . 80 
V 40 MPH V = 50 MPH 

60 

CF 0.01286 (DTN) - 0 . 057 CF 0.01 9 + 0 . 00957 (DTN) 
N 236 N 143 
r = 0.66 / r 0.57 

.60 ~ SCF 
0 . 065 / SCF 0.060 

/ b .60 / 

/ / 
/ 

/ 
0:: 

/ 
/ / / / ~ 

/ ~ / 
/ / H / / 

/ ~ 
/ / 

/ / / / 
.40 / / Eo< .40 / / 

/ / / / Cl / / / / H / 
/ / :.:: / / 

rJl / / / / / / / / / / / / / / 
.2 0 I-

/ / / / 
/ .20 

/ 
/ / 

/ / 

/ / 
/ 

0 20 40 60 0 20 40 60 

PORTABLE TESTER (DTN) 

- 39 -



friction (CF) obtained with the Missouri trailer can be c onverted 

to Skid Number by multiplying CF by 100 0 Distributions of the 

individual test readings for both the portable tester and skid 

trailer were determined and the perc ent of tests with SN or DTN 

values less than the minimum recommended values were determined . 

These results are shown in Table XIII and it can be seen that 

there is a much larger perc entage of DTN values below the 

recommended minimum DTN than there are trailer test values 

below the recommended minimum SNo The discrepanc y raises doubt 

concerning the validity of the rec omme nded minimum DTN values 

given in NCHRP Report 37 and indicates tha t these values may 

need to be re - evaluated o 

Table XIII 

Evaluatio n of Pavement Fric tion using 
The Portable Tester and Missouri Skid Trailer 

Mean Perc ent of Correlation Tests 
Traffic Recommended* Rec ommended* In This Study 

Speed Minimum Minimum with Values Less Than 
V SNv DTN Recommended Minimum 

MPH SN __ ~D~T~N~ ____ _ 

20 40 9 

30 36 35 13 26 

40 33 40 14 65 

50 32 45 21 97 

* Recommended Minimum Skid Numbers (SN) and Drag Tester 
Numbers (DTN) taken from Tables 18 & 19, pgs. 54 & 55 of 
NCHRP Report 37 0 SNv is Skid Number measured at Mean 
Traffic Speed . 
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Problems Encountered 

A major problem was encountered when the tester was 

first rec eived as consistent calibrations were not obtained . 

The equipment was returned to the manufacturer, but the 

problem re-occ urred after the manufacturer repaired the equip­

ment . The seal covering the opening where the slider shaft 

enters the housing was later found to be interfering with 

the free movement of the slider shaft . This seal was re­

placed by department personnel with a non- restraining seal 

and satisfactory subsequent calibration results were obtained. 

This problem resulted in a de lay of four to six weeks in 

field testing . 

The hydraulic system in the tester is affected by 

only slight amounts of entrapped air. It was found that if 

the system had to be bled to remove the air that the pro­

cedure was very time c onsuming o 

Another problem encountered was the low clearance of 

the portable tester where the two s i de panels are c onnec ted by 

means of a p ivot t o the c hassis o There was approximately 1/8 

inc h c l e aranc e between the s ide panels and the pavement sur­

fac e o On a p avement with a rough or knobby surface texture, 

the side p a ne l s would sometimes drag o n the surface, at times 

stopping the tester. This was particularly noticeable on the 

plant mix bituminous and b ituminous treated surfac e s . By the 

time the t e sting had been completed, the s i de panels had worn 

considerably. and it appeared that enough wear could eventu­

ally oc c ur to let the c h a ssis separate from the side panels . 
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This problem could probably be eliminated through the use 

of larger diameter wheels on the portable tester. 

- 42 -

1 
1 
1 
1 

I 

j 

j 



1 
1 
1 
1 
J 

] 

'J 

J 

J 
J 
j 

Bibliography 

(1) Kummer, Ho Wo : The Penn State Drag Tester, 
Joint Road Friction Program Report 7, Penn State 
University ; July, 1963 0 

(2) Kummer, Ho Wo : Correlation Tests with the Penn 
State Drag Tester, Joint Road Friction Program 
Report 9, Penn State University , February, 1964. 

(3) Youden, Wo Jo ~ Statistical Methods for Chemists, 
John Wiley and Sons, Inc o, 1951 . 

(4) Brownlee, Ko Ao : Industrial Experimentation, 
Chemical Publishing Co o, Inc ., Fourth Edition,; 1953 0 

(5) Kummer, Ho W. and Meyer ~ Wo E o~ Tentative Skid 
Resistance Requirements for Main Rural Highways, 
Highway Research Board, NCHRP Report 37 ; 1967. 

- 43 ~ 



J 

r 

r 

I 

t 
[ 

l 
l 

-vv -

~a~sa~ aJNV~SISa~ GI~S ~I ~~VW aN~SA~ 

v XIGNaddV 



1 
1 

J 

J 

J 
J 
j 

APPENDIX B 

Keystone Mark IV Skid Resistance Tester 
MANUFACTURER'S TEST PROCEDURE 

1. Check rubber shoe for wear. Replace when edge is 
worn by more than 3/16" as measured with rule laid 
flat across slider width. 

2. Adjust handle to most comfortable position . 
Always operate in green area. 

3. Prepressurize hydraulic system until pointer of 
indicator is displaced by ten dial units. 
(Counterclockwise rotation of knurled knob on 
left side of housing produces pressure increase) . 

4. When testing on highways, select most polished 
section (such as wheel tracks) and test in direction 
of traffic. 

5. Thoroughly flush surface with clean water to remove 
grit and dust . 

6 . Keep handle within stops provided, and walk at 
uniform brisk pace (about 3 MPH) but do not run. 

7 . Test pavement section over length of about 15 ft . , 
monitor gage reading, and keep average in mind. 

8. Lift off rubber shoe by raising handle and roll 
Tester over distance of about ten to fifteen feet 
for second test . 

9. Depending on pavement homogenuity . repeat Stages 
7 and 8 and average all readings . 

10 . Report data as Drag Tester Number (DTN) to identify 
Tester and test me thod . 

11.* Record other pertinent data such as wet surface 
temperature ; (if temperature is different from 
76 +6oF, make c orrection by adding (subtracting) 
three dial units per 100F increase (decrease)) ; 
type of pavement and aggregate shape and size . 

* Missouri Modification- - Use "dry" surface 
temperature and correc t to "80 +6 oF". 
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