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1.0 INTRODUCTION 

This document const i tutes a companion volume t o  a report 
of the  same t i t l e  which was released in January 1976 under 
the s u b t i t l e  "Noise and Dry Traction Findings." In t o t a l ,  the 
two-volume report serves t o  document a program of experimental 
measurements of noise and t rac t ion  properties obtained on a 
selected sample of heavy truck t i r e s .  The study has been 
conducted by the Highway Safety Research I n s t i t u t e  of The 
University of Michigan under support from the Motor Vehicle 

Manufacturers Associati on. 

The reader i s  referred to  Volume 1 fo r  a comprehensive 

description of the t i r e  sample, the t e s t  procedures and 
apparatuses employed, and, of course, to  the complementing data 

s e t s  characterizing the noise generation and dry t rac t ion  

properties of the common sample of t i r e s .  





2.0 DISCUSSION O F  WET TRACTION RESULTS 

Irl t h i s  section,  measurements of longitudinal and l a te ra l  

t ract ion performance of the s i x - t i r e  sample will be presented, 

as obtained on the wet concrete surface. These measurements 

involved use of one "fresh" specimen of each t i r e  fo r  each of 

the longitudinal and l a te ra l  t e s t  sequences. Insofar as the 

wet pavement condition principal ly i  nf1 uences force saturat ion 
phenomena rather than tract ion s t i f fnesses ,  the data will be 

discussed only in regard to  observations of 1 imi t tract ion behavior. 

2.1 Lonai tudinal Traction Results 

Shown in Table 1  are the peak' and s l i de  values of normalized 

longitudinal force which were measured during the f ive  repeat 

runs conducted on each t i r e . *  The repeatabil i ty of b o t h  peak 

and s l ide  values would appear t o  suggest that  a  re la t ively  s table  

wet surface condition was being sustained throughout any given 

sequence of runs on one t i r e .  

The sens i t iv i ty  of peak and  s l ide  tract ion performance t o  
varying values of load and velocity ,are summarized in Figures 1 , 
2 ,  3 ,  a n d  4 .  Figures 1  and 2 i l l u s t r a t e  the velocity sens i t iv i ty  

of peak and s l ide  tract ion values, respectively. We see that  

over the 20- to  55-mph range of velocity,  a1 1  t i r e s  exhibit  the 

c lass ic  downward trend in shear force l imi ts  with velocity. While 

the band of locked-wheel force performance i s  narrower and some- 

what  less  discriminating t h a n  tha t  of the peak tract ion perfor- 

mance values, the three r i b  t i r e s  i l l u s t r a t e  decidedly higher 

levels of both measures than the three lug-type specimens. Over 
the velocity range, the average r i b  t i r e  exhibits  a  23% advantage 

in peak tract ion and a  15% advantage in s l ide  tract ion over the 

performance of the average lug t i r e .  Clearly, the average lug 

*The reader i s  referred t o  the description of the standard 
sequence of t e s t  runs presented as page 12 of Volume 1 .  



Tab le  1.  Peak and S l i d e  Values o f  Fx/Fz as Obta ined 
Over t h e  F i v e  Repeat Runs f o r  Each o f  t h e  
S i x  Sample T i r e s  on Wet Concrete.  

Goodyear Super H i  M i  l e r  F i  r e s t o n e  T r a n s p o r t  200 

Run FI P ps Run P ps P 

Avg. .674 .448 

a .012 ,0204 

Avg . ,646 ,488 

a ,013 ,0075 

F i  r e s  tone  T r a n s p o r t  1 Goodyear Custom Cross R i b  

Run IJ 
P Us Run P s 

P 

1 .79 - 6 1  1 - 5 8  .46 

Avg. ,780 ,574 

a ,0179 .0195 

Avg . ,608 ,462 

o ,0147 ,0117 

General  GTX 

Run s 

Avg. . 7 3 2  .518 

a ,0147 ,0156 

Uni  r o y a l  F l  ee tmaster  Super - lug  

Run P P ps 

1 - 5 5  - 4 3  

4 - 5 3  .41 

7 .48 .37 

10  - 5 3  .38 

13 - 4 9  .36 

Avg . ,516 ,390 

a ,0262 .0261 



A Fi r e s tone  Transpor t  1 
0 ~ e n e r a l  GTX 
a Goodyear Super Hi Mi le r  

F i r e s tone  Transpor t  200 
Q Goodyear Custom Cross R i b  

Uniroyal F lee tmas te r  Super L u g  

Vel oci  t y  , 11lph 

Figure  1 .  Veloci ty  s e n s i t i v i t y  o f  peak F x / F z  values  a t  r a t ed  l oad .  



Fi restone Transport 1 
0 General GTX 
0 Goodyear Super Hi Miler 
A Firestone Transport 200 
@ Goodyear Custom Cross Rib 

Uniroyal Fleetmaster Super L u g  

Wet Concrete 

Velocit,y, niph 

Figure 2 .  Velocity s e n s i t i v i t y  o f  s l i d e  va lue  o f  i,/Fz a t  ratcd l o a d .  



t i r e  performance i s  "pulled down" considerably by the low 

t rac t ion  capabi l i ty  of the  Uniroyal Super Lug--a t i r e  which 

did n o t  rank so  conspicuously low among the  dry t r a c t i o n  data 

given 'in Volume 1 . 
Figures 3 a n d  4 i l l u s t r a t e  the load s e n s i t i v i t y  of the  

s i x - t i r e  sample on the wet concrete pavement. The load sens i -  

t i v i t i e s  are  summarized here f o r  the  55-mph condition on the  

conviction t h a t  hydrodynamic phenomena, i f  s i g n i f i c a n t ,  wi l l  

discriminate best  among t i  re t read pat terns  a t  elevated speeds. 

While the  average rib-type t i r e  y ie lds  a  peak t r ac t ion  perfor-  

mance over the load range which i s  17% above t h a t  of the average 

lug t i r e ,  the cont ras t  in  s l i d e  t r ac t ion  i s  more mixed with r i b  

t i r e s  providing an average t r ac t ion  value which i s  higher by 

A general explanation of the  superior  wet t r ac t ion  perfor- 

mance of the bias-ply, r ib- t read  truck t i r e  i s  n o t  avai lable .  

Further,  i t  would appear t h a t  the addit ional  water flow capacity 

afforded by the large volume of individual grooves within lug- 

type tread pat terns exceeds t h a t  which i s  demanded f o r  water 

drainage. Additional l y ,  the drainage performance of heavy truck 

t i r e s ,  in general ,  would seem t o  be inherently high as a con- 

sequence of ( 1 )  high contact  pressures between t read  and road, 

( 2 )  low values of t i r e  deflect ion (espec ia l ly  as  e f f e c t s  l a t e r a l  

"closure" of grooves within the f o o t p r i n t ) ,  and ( 3 )  high groove 

volumes [ I ] .  Thus we f ind  in  the  foregoing data t h a t  while 

ce r t a in  r i b  t i r e s  perform qui te  well on t h i s  wetted concrete 

surface  (compared, say,  t o  passenger car  t i r e  t r ac t ion  on such 

s u r f a c e s ) ,  the  separation of r ib -  and lug- t rac t ion  levels  i s ,  on 

the  average, qui te  large with ' c e r t a i n  1 ug t i r e s  providing ra the r  

low t r a c t i o n  l eve l s .  

Regarding the implications of these wet surface  data t o  

vehicle braki n g  capabi 1 i  t i e s ,  the s igni f icance  o f '  a superior  

perforniance by r i b  t i r e s  i s  generally a s  discussed i n  Voluilie 1 

f o r  the case of braking on dry pavements. S ign i f i can t ly ,  however, 



A Firestone Transport 1 
0 General GTX 

Goodyear Super Hi Mi l e r  
A Firestone Transport 200 
@ Goodyear Custonl Cross Rib 

@ Uniroyal Fleetmaster Super Lug 

Wet Concrete 

Norin. Load F z /F ,,,,,, 
Figure 3. Load sensi t ivi ty  of  peak values o f  F x / F Z  a t  55 mph. 



A F i r e s t o n e  T r a n s p o r t  1 
0 Genera l  GTX 

0 Goodyear Super  H i  M i l e r  
A F i r e s t o n e  T r a n s p o r t  200 

Goodyear Custom Cross  R i b  

U n i r o y a l  F l e e t m a s t e r  Super  Lug 
4 

F i g u r e  4 .  Load s e n s i t i v i t y  o f  s l i d e  v a l u e s  o f  F x / F z  a t  55 mph. 



the  wider range of peak t r ac t ion  c a p a b i l i t i e s  measured on the 

wet surface might indica te  a grea ter  possi bi 1 i  ty of unfavorable 

wheel lockup occurrence under the wet condition. Such an 
"unfavorable" arrangement, f o r  example, might r e s u l t  in jack- 

kni f e  of a  non-anti lock-protected tractor-semi t r a i l  e r  which 

mounts a  traction-poor lug t i r e  on i t s  rear  driving ax les ,  

together with a traction-capable r i b  se lec t ion  a t  i t s  other 

axle posi t ions.  By con t ras t ,  f o r  example, the lowest and highest 

t r ac t ion  levels  measured f o r  the  s i x - t i r e  sample on - dry concrete 

involved a lug t i r e  which provided 80% of the t r ac t ion  capabi l i ty  

of the  highest-performing r i b  t i r e .  On t he  wet surface,  

however, the "poorest" lug yielded only 66% of the  performance 

a t ta ined by the highest-performing r i b  t i  re .  Since, again,  the 

lug-type t i r e  will  be typica l ly  mounted on the  driving axle of 

the t r a c t o r ,  the depressed t r ac t ion  performance a t  t h a t  wheel 

position during wet-weather braking tends t o  aggravate the  

jackknife poss ib i l i ty .  

2 . 2  Lateral Traction Results 

The side force ( F  ) response of the  s i x - t i r e  sample t o  
Y 

varying s l i p  angle ( a )  was measured over a matrix of load and 

veloci ty conditions on the  wet concrete surface.  These r e s u l t s  

a re  summarized in  Figures 5 a n d  6,  in the  form of F versus a  
Y 

plots  a t  selected load and veloci ty condit ions.  In general ,  

these data concur with the nondiscriminatory character  of the  

s ide  force measurements obtained f o r  the r i b  and lug se lec t ions  

on a dry concrete pavement. Thus no generalized d i s t inc t ion  

e x i s t s  between the s ide  force l imi t s  afforded by r ib -  and lug- 

type t i r e s  on the  wetted concrete surface in question. 

Notably, the  Firestone Transport 1 t i r e  was seen t o  r e g i s t e r  

subs tant ia l ly  higher shear force levels  than any of the other  

t i r e  se lec t ions .  A1 though t h i s  same t i r e  model was seen to y ie ld  
the highest a side force levels  as well as  t h e  highest wet 



&-A F i  restone Transport 200 
@ .  Goodyear Custoni Cross R i b  
p-m Uniroyal Fleetmaster Super Lug 
&-----.,5 Fi restone Transport 1 
0 . . . . . . . . . . . . . Q General GTX 

W--13 Goodyear Super Hi Miler 

Slip,Angle, (Deg) 

Figure 5 .  Lateral traction results,  40 mph, 0 .5  x rated l o a d .  



Wet Concre te  

4 F i r e s t o n e  T r a n s p o r t  200 
Goodyear Custom Cross R i b  

I- Uni r o y a l  F l  e e t m a s t e r  Super  Lug 

S l i p  Ang le ,  n (Dey)  

F i g u r e  6 .  L a t e r a l  t r a c t i o n  r e s u l t s ,  55 mph, 1 . 0  x r a t e d  l o a d .  

h,,,,,r, F i  r e s t o n e  T r a n s p o r t  1  
o...... .. ...... Q Genera l  GTX 

L- - 0 Goodyear Super  Hi M i  1  e r  



longitudinal force l e v e l s ,  the 30% t rac t ion  super io r i ty  

i l l u s t r a t e d  in  Figure 6 would seem t o  ca l l  fo r  some confirming 

fol  1 owyp. 

A plot  of the typical  F versus a s e n s i t i v i t y  t o  ve loci ty  
Y 

i s  shown in Figure 7 .  The extent  t o  which shear force output 

a t  la rge  s l i p  angles fa1 1s off with veloci ty i s  about the same 

here as was observed in  the veloci ty s e n s i t i v i t y  of peak values 

of longitudinal force shown previously i n  Figure 1 .  I t  would 

seem reasonable t o  speculate t h a t  t he  veloci ty s e n s i t i v i t y  in 

Figure 7 derives pr inc ipal ly  from a hydrodynamics mechanism s ince  

the  l a t e r a l  t r ac t ion  measurements shown in Volume 1  f o r  dry 

concrete exhibited v i r t u a l l y  zero s e n s i t i v i t y  t o  ve loci ty .  

Shown in  Figure 8 i s  a  typical  example of the  load s e n s i t i v i t y  

of the F / a  behavior measured on wet concrete. An i n t e res t ing  
Y 

f ea tu re  of these data i s  t h a t  t r ac t ion  levels  on the wet surface  

have been most reduced be1 ow the corresponding val ues obtained 

on the  dry pavement f o r  the  conditions of l i g h t  load. When the  

t i r e  i s  operated above i t s  rated load we observe t h a t  very l i t t l e  

reduction in the shear force couplincj afforded by t h i s  concrete 

surface has resulted from the 0.020-inch water covering. Pre- 

sumably, the  contact  pressure of bi a.s-ply heavy truck t i r e s  does 

increase subs tan t i a l ly  with load such t h a t  water drainage beneath 

the more heavi ly-1 oaded t i  r e  i s  enhanced. 



0.09 5. QO 18.00 15. OO 20.90 25.00 
ALPHA ~DEGREESI 

Figure 7 .  



Figure 8 
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APPENDIX D-I 

INDIVIDUAL LONGITUDINAL FORCE PLOTS FROM 
WET T R A C T I O N  TESTS 

The following plots  represent the "peak" and "s l ide"  values 

o f  normalized longitudinal force obtained during the braking 

t rac t ion tes t ing of the s i x - t i r e  sample on a wet Portland cement 

concrete pavement. Each plot  i  11 us t ra tes  the i  nfl uence of 

both load and velocity on the values of Fx/FZ obtained a t  the 

peak o f  the "p-s l ip"  curve and a t  the 100% s l i p  condition. 

Additionally, d a t a  from the f ive  repeats of the reference 

condition run, a t  FZ = 1.0 x rated 1 oad and V = 40 mph, are 

plotted as an  indicator o f  the basic repeatabi l i ty  of the 

experiments. 
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APPENDIX D- I I 

INDIVIDUAL LATERAL FORCE PLOTS FROM 
WET TRACTION TESTS 

The following plots  represent the l a t e r a l  force ,  F , o r  
Y 

the normalized l a t e ra l  force ,  F / F  versus s l i p  angle,  a ,  
Y 2 '  

behavior of each t i r e  in the  t e s t  sample. These data were 

obtained using the HSRI mobile dynamometer on a wet Portland 

cement concrete pavement. Each t i r e  i s  represented by three 

p lo ts  indicating the influence on l a t e r a l  t rac t ion  of 

1 )  velocity 

2 )  load 

3 )  repeated t e s t  runs. 

Accordingly, the f i r s t  plot  f o r  each t i r e  represents t e s t s  

conducted a l l  a t  rated load, b u t  a t  ve loci t ies  of nominally 

20, 40, and 55 mph.  

Similarly,  the second plo t  fo r  each t i r e  represents t e s t s  

conducted a t  40 mph and a t  ver t ica l  loads of FZ = 0.5,  1 .0 ,  a n d  

1 .5  times the T & R A  rated load. The f ina l  p lo t  serves t o  document 

the s t a b i l i t y  of the t i r e  specimen a.s a force-producing mechanism 

over the  sequence of t e s t  runs. These data indicate the  t i r e ' s  

F / a  behavior as  measured during each of f ive  "spot checks" a t  
Y 

conditions of FZ = rated load and V = 40 m p h .  
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