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1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  . I 8 4  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ R a t e d  
L o a d  & 2 0  MPH - 1 0 - 8 - 7 6  . . . . . . .  . I 8 5  

G o o d y e a r  U n i s t e e l  L - 1  o n  - Wet Cement  
C o n c r e t e  

F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 5445  LB - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  , 1 8 6  

F y / F z  v s .  S l i p  A n g l e ,  Fz  @ 20  MPH - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  , 1 8 7  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs 8 R a t e d  
L o a d  & 20  MPH - 1 0 - 8 - 7 6  . . . . , . .  . I 8 8  

M i c h e l i n  X Z Z  o n  Dry Cement  C o n c r e t e  

F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 6022  LB - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  , 1 8 9  

F y / F z  v s .  S l i p  A n g l e ,  Fz  @ 2 0  MPH - 
1 0 - 8 - 7 6  . . . , . . . . . . . . . . .  . I 9 0  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ R a t e d  
L o a d  & 2 0  MPH . . . . . . .  . I 9 1  



M i c h e l i n  X Z Z  on  - Wet Cement  C o n c r e t e  

F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 6184  LB - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  , 1 9 2  

F y / F z  v s .  S l i p  A n g l e ,  Fz  @ 20  MPH - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . ,  . I 9 3  

Fy  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ R a t e d  
. . . . . . . .  L o a d ,  2 0  MPH - 1 0 - 8 - 7 6  1 9 4  

M i c h e l i n  X Z Z  o n  Dry Cement  C o n c r e t e  

F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 5515  LB - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  . I 9 5  

F y / F z  v s .  S l i p  A n g l e ,  Fz  @ 20  MPH - 
1 0 - 8 - 7 6  . . . . . . . . . . . . . . .  , 1 9 6  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ R a t e d  
L o a d  & 2 0  MPH - 1 0 - 8 - 7 6  . . .  . I 9 7  

M i c h e l i n  X Z Z  o n  - Wet Cement  C o n c r e t e  

Q. TABULATED RESULTS . . . . . . . .  . 2 0 0 - 2 0 1  

L o c k e d  Wheel B r a k i n g  F o r c e  C o e f f i c i e n t  
Peak  B r a k i n g  F o r c e  C o e f f i c i e n t  
Peak  L a t e r a l  F o r c e  C o e f f i c i e n t  

T i r e s  o n  t h e  A t t a c h e d  S h e e t  
On C o n c r e t e  & A s p h a l t  @ 40 ,  55 MPH 

HISTOGRAMS FOR ABOVE . . . . . . . . . . . . . .  2 0 2 - 2 1 3  

SAMPLE MEAN AND STANDARD DEVIATION FOR EACH 
. . . .  TRACTION PROPERTY AT EACH SPEED AND SURFACE - 2 1 4  

LINEAR REGRESSION L I N E  RELATING THE PEAK BRAKING* - 2 2 2  

F o r c e  C o e f f i c i e n t  a n d  t h e  L o c k e d  Wheel 
B r a k i n g  

F o r c e  C o e f f i c i e n t  @ 4 0  MPH o n  C o n c r e t e  

CORRELATION BETWEEN TRACTION PROPERTIES . . .  , 2 2 3  

* R e f e r e n c e  Q R e f e r s  t o  t h e  T i r e s  o n  t h e  A t t a c h e d  S h e e t  



R. T ABULATED D A T A  

Vertical Load 
Inflation Pressure 
Lateral Force 8 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Aligning Torque 8 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffnesi 
Vertical Spring Rate 

Highway Tread 10-20/G ( N e w )  . . . ,224-225 



I. T A B U L A T E D  DATA 

Lateral F o r c e  vs. I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  M o m e n t  v s .  I n f l a t i o n  P r e s s u r e ,  Load 
& S t e e r  A n g l e  

U n i r o y a l  M a x  R o u t e  . . . . . . .  2 2 6  

Lateral F o r c e  vs. I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  M o m e n t  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

M i c h e l i n  Radial . . . . . . . . . .  , 2 2 7  
T A B U L A T E D  D A T A  - M I C H E L I N  R A D I A L  XZA . . .  2 2 8 - 2 5 2  

F x l F z  vs. L o n g i t u d i n a l  S l i p ,  L o a d  & V e l o c i t y  



A .  LATERAL FORCE V S .  S L I P  ANGLE & T IRE  LOAD 

MECHANICAL PROPERTIES @ LOAD = 6 1 4 0  LB 

( 1 1 . 0 0  - 22 /G)  @ 8 5  P S I  , . . . . . . . . . .  253 

CAMBER STIFFNESS 4VS.  .TIRE LOAD 

CORNERING STIFFNESS V S .  T IRE  LOAD 

CIRCUMFERENTIAL STIFFNESS V S .  T IRE  LOAD 

LATERAL SPRING RATE 

( 1 1  - 22 /G)  @ 9 0  P S I  . . . . . . . . . . . .  , 2 5 4  

VERTICAL LOAD V S .  ROLLING HEIGHT 

( 1 1  - 22 /G)  @ 90  P S I  . . . . . . . . . . . .  , 2 5 5  

LATERAL SPRING RATE V S .  INFLATION PRESSURE 

TABULATED SUMMARY OF MECHANICAL PROPERTIES ( F  & G ) .  . 2 5 7  

C i r c u m f e r e n t i a l  S t i f f n e s s  
C o r n e r i n g  S t i f f n e s s  
Camber S t i f f n e s s  
L a t e r a l  S p r i n g  R a t e  
V e r t i c a l  S p r i n g  R a t e  

E. DYNAMOMETER 

F x / F z  v s .  L o n g i t u d i n a l  S l i p  . . .  2 5 8 - 2 6 3  

U n i r o y a l  F l e e t m a s t e r  ( 1 1  - 2 2 / F )  o n  
D r y  a n d  Wet S u r f a c e s  

@ V a r i o u s  C o m b i n a t i o n s  o f  Fz & 
V e l o c i t y  

R. TABULATED DATA 

V e r t i c a l  L o a d  
I n f l a t i o n  P r e s s u r e  
L a t e r a l  F o r c e  @ 1,2,4,8,12 & 1 6 "  S l i p  A n g l e  

V e r t i c a l  L o a d  
I n f l a t i o n  P r e s s u r e  
A l i g n i n g  T o r q u e  8 1,2,4,8,12 & 1 6 "  S l i p  A n g l e  



Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Highway Tread 11-22/F . . . . . . . .264 

Vertical Load 
Inflation Pressure 
Lateral Force @ 1,2,4,8,12 & 16' Slip Angle 

Vertical Load 
Inflation Pressure 
Aligning T o r q u e  @ 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential STiffness 
Vertical Spring Rate 

Highway Tread 11-2216 . . . . . . . . .265 



. . . . . . . . . . . . .  B .  FX/FZ V S .  NORMALIZED LOAD , 2 6 9  

FX/FZ V S .  VERTICAL LOAD . . . . . . . . . . . .  , 2 7 0  

FX/FZ VS. VELOCITY . . . . . . . . . . . . . . .  272  

G o o d y e a r  S u p e r  H i  M i l e r  o n  A s p h a l t  

FX/FZ V S .  LONGITUDINAL S L I P ,  LOAD & VELOCITY . . 2 7 4 - 2 8 6  

G o o d y e a r  S u p e r  H i  M i l e r  o n  D r y  A s p h a l t  

E .  FX/FZ V S .  LONGITUDINAL S L I P ,  FZ & VELOCITY . . .  2 8 7 - 2 9 4  

U n i r o y a l  F l e e t m a s t e r  o n  D r y  & Wet S u r f a c e s  

H. CORNERING STIFFNESS VS. INFLATION PRESSURE, V E R -  
. . . . . . . . . . . . . . . . . . . . .  T I C A L L O A D  295 

U n i r o y a l  T r i p l e  T r e a d  

CORNERING STIFFNESS V S .  INFLATION PRESSURE, VER- 
T I C A L L O A D . .  . . . . . . . . . . . . . . . . . .  296 

M i c h e l i n  R a d i a l  X Z A  

FX/FZ V S .  NORMALIZED LOAD @ 20  MPH . . .  297 

FX/FZ V S .  NORMALIZED LOAD @ 4 0  M P H  . . .  298  

FX IFZ  V S .  NORMALIZED LOAD @ 5 5  MPH . .  299  

CORNERING STIFFNESS V S .  VERTICAL LOAD . . .  . 3 0 0  

M i c h e l i n  R a d i a l  XZA 

I. TABULATED DATA 

L a t e r a l  F o r c e  Q a r i o u s  C o m b i n a t i o n s  o f  I n -  
f l a t i o n  P r e s s u r e ,  L o a d ,  S t e e r  A n g l e  

A l i g n i n g  Moment @ V a r i o u s  C o m b i n a t i o n s  o f  
I n f l a t i o n  P r e s s u r e ,  L o a d ,  S t e e r  A n g l e  

U n i r o y a l  F l e e t m a s t e r  T r i p l e  T r e a d  . . ,301  

L a t e r a l  F o r c e  @ V a r i o u s  C o m b i n a t i o n s  o f  I n -  
f l a t i o n  P r e s s u r e ,  L o a d ,  S t e e r  A n g l e  



Aligning Moment @ Various Combinations of 
Inflation Pressure, Load, Steer 
Angle . , . , . , . . , . . . . , . . .302 
Michelin Radial XZA 

TABULATED DATA FOR MICHELIN XZA . . . . . . . . .303-327 
Slip, Fx/Fz, Torque, Fx 
@ Various Load & Velocity 

M. NORMALIZED LONGITUDINAL FORCE VS. VERTICAL LOAD . . ,328 
@ 64 krnlhr on Dry Asphalt 

NORMALIZED LONGITUDINAL FORCE VS. VELOCITY . . . . . 328 
@ Rated Load on Dry Asphalt 

R. TABULATED DATA 

Vertical Load 
Inflation Pressure 
Lateral Force @ 1,2,4,8,12 & 1 6 "  Slip Angle 

Vertical Load 
Inflation Pressure 
Aligning Torque @ 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Highway Tread . , . . . . . . . . . .329 



TABULATED DATA . . . . . . . . . . . . . . . . . . . 330 
Lateral Force vs. Inflation Pressure, Load 

Steer Angle 
Aligning Moment vs. Inflation Pressure, Load, 

Steer Angl e 

B. F. Goodrich Intercity Mileage 



A. VERTICAL LOAD VS. ROLLING HEIGHT OF T I R E S  @ 8 0  
P S I  . . . . . . . . . . . . . . . . . . . . . . . .  , 3 3 1  

. . . . . .  LATERAL FORCE VS. S L I P  ANGLE & T I R E  LOAD 3 3 2  

MEASURED MECHANICAL PROPERTIES @ LOAD = 6 1 4 0  LB  , . . 3 3 2  

CAMBER STIFFNESS VS. T I R E  LOAD. . . . . . . .  , 3 3 3  

CORNERING STIFFNESS VS. T I R E  LOAD . . .  . 3 3 3  

. . . . . .  CIRCUMFERENTIAL ST IFFNESS VS. T I R E  LOAD . 3 3 3  

. . . . . . . . .  LATERAL SPRING RATE VS. T I R E  LOAD . 3 3 3  

@ 80  P S I  

LATERAL SPRING RATE VS. I N F L A T I O N  PRESSURE @ 6 1 4 0  
. . . . . . . . . . . . . . . . . . . . . . . . .  L B  3 3 4  

R e f e r e n c e  ( A )  i s  o n l y  f o r  1 2 . 0 0 - 2 0  G 

B. F X / F Z  VS. LONGITUDINAL S L I P ,  VELOCITY & LOAD. . , 3 3 5 - 3 4 7  

F i r e s t o n e  T r a n s p o r t  1 1 0  o n  D r y  & Wet  S u r f a c e s  

. . .  E .  FX /FZ  VS. LONGITUDINAL S L I P ,  FZ & VELOCITY 3 4 8 - 3 5 4  

U n i r o y a l  F l e e t m a s t e r  o n  D r y  & Wet  S u r f a c e s  

M. NORMALIZED LONGITUDINAL FORCE ( i  . e .  F X / F Z )  VS. 
VERTICAL LOAD . . . . . . . . . . . . .  . 3 5 5  

@ 6 4  k m / h r  o n  D r y  A s p h a l t  

. . . . .  NORMALIZED LONGITUDINAL FORCE VS. VELOCITY 3 5 5  

@ R a t e d  L o a d  o n  D r y  A s p h a l t  

R. TABULATED DATA . . . . . . . . . . . . . . . . . .  3 5 6  

V e r t i c a l  L o a d  
I n f l a t i o n  P r e s s u r e  
L a t e r a l  F o r c e  @ 1 ,2 ,4 ,8 ,12  & 16 '  S l i p  A n g l e  

V e r t i c a l  L o a d  
I n f l a t i o n  P r e s s u r e  
A l i g n i n g  T o r q u e  @ 1 ,2 ,4 ,8 ,12 & 1 6 '  S l i p  A n g l e  



Vertical L o a d  
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Highway Tread 



H. CORNERING STIFFNESS VS. INFLATION PRESSURE & LOAD. . 357 
Michelin Radial XZA 

FY/FZ VS. SLIP ANGLE @ 20 MPH & 0.5, 1.5 . . .  359-360 
FYIFZ VS. SLIP ANGLE Q RATED LOAD & 20, 40, . . . . . . . . . . . . . . . . . . . . .  55 MPH 361-363 

Michelin Radial XZA 

I. FX/FZ VS. LONGITUDINAL SLIP, FZ & VELOCITY . . .  364-371 
Uniroyal Fleetmaster on Dry & Wet Surface 

. . . . . . . . . . . . . . . . . . .  R. TABULATED DATA 372 

Vertical Load 
Inflation Pressure 
Lateral Force Q 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Aligning Torque @ 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Highway Tread 



. . . . . . . .  I. TABULATED DATA - MICHELIN RADIAL XZA 3 7 3  

L a t e r a l  F o r c e  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  Moment v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

FY/FZ V S .  SL IP  ANGLE & FZ @ 4 0  MPH - 1 - 1 6 - 7 6  . . . .  3 7 4  

FY/FZ V S .  S L I P  ANGLE & VELOCITY @ 6 8 4 3  LB - . . . . . . . . . . . . . . . . . . . . . .  1 - 1  6 - 7 6  , 3 7 5  

FY V S .  SL IP  ANGLE, REPEATED RUNS @ 6 8 2 9  LB, . . . . . . . . . . . . . . . . . .  4 0  MPH - 1 - 1 6 - 7 6  3 7 6  

M i c h e l i n  XZA 



H .  CORNERING STIFFNESS VS. INFLATION PRESSURE . . .  377 

8 4 0 0 0  LB & 6000  LB 

U n i r o y a l  I n t e r c i t y  
G o o d y e a r  Cus tom C r u i s e r  

I. TABULATED DATA 

L a t e r a l  F o r c e  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  Moment v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

F i r e s t o n e  H i g h w a y  M i l e a g e  . . .  , 3 7 8  

L a t e r a l  F o r c e  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  Moment  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

B .  F .  G o o d r i c h  I n t e r c i t y  M i l e a g e  . . .  379  

L a t e r a l  F o r c e  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  Moment v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

. . . . . . . . . .  U n i r o y a l  I n t e r c i t y  3 8 0  

L a t e r a l  F o r c e  v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

A l i g n i n g  Moment v s .  I n f l a t i o n  P r e s s u r e ,  L o a d  
& S t e e r  A n g l e  

G o o d y e a r  C u s t o m  C r u i s e r  . . .  .381  

DYNAMOMETER 

F y / F z  v s ,  S l i p  A n g l e  & F z  8 2 1  MPH - . . . . . . . . . . . . . . .  1 1 - 3 - 7 5  . 3 8 2  
F y / F z  v s .  S l i p  A n g l e  & V e l o c i t y  8 6 8 0 4  LB - . . . . . . . . . . . . . . .  1 1 - 3 - 7 5  . 3 8 3  
F y  v s .  S l i p  A n g l e  & R e p e a t e d  Runs @ 6812  LB,  . . . . . . . . . . .  41 M P H  - 1 1 - 3 - 7 5  3 8 4  

F i r e s t o n e  C o m m e r c i a l  M i l e a g e  



TABULATED DATA OF FIRESTONE COMMERCIAL MILEAGE. .385-411 

F x / F z  vs. Longitudinal Slip 

@ Various Load & Velocity 

R. TABULATED DATA . . . , . . . . . . . . . , . . . . 4 1 2  
Vertical Load 
Inflation Pressure 
Lateral Force @ 1,2,4,8,72 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Aligning T o r q u e  @ 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Highway Tread 



A .  VERTICAL LOAD VS. ROLLING HEIGHT OF T IRES . . . . . . 4 1 3  

LATERAL FORCE VS. S L I P  ANGLE & T I R E  LOAD . . . . . . 4 7 4  

MECHANICAL PROPERTIES @ LOAD = 8 6 4 0  LB . . . . . . . 414  

CAMBER STIFFNESS VS. T I R E  LOAD . . . . . . . . . . . 415  

CORNERING STIFFNESS VS. T I R E  LOAD . . . . . . . . . , 4 1 5  

CIRCUMFERENTIAL STIFFNESS VS. T I R E  LOAD . . . . . . . 4 1 5  

LATERAL SPRING RATE VS. T I R E  LOAD . . . . . . . . . 4 1 5  

A11 @ 9 0  P S I  

LATERAL SPRING RATE VS, INFLATION PRESSURE . . . . . 4 1 6  

@ 8 4 6 0  LB L o a d  

B .  FX/FZ VS. LONGITUDINAL S L I P ,  VELOCITY & LOAD . . 4 1 7 - 4 2 9  

U n i r o y a l  U n i m a s t e r  o n  Dry A s p h a l t  

D. F X I F Z  VS. NORMALIZED LOAD . . . . . . . . . . . . . . 4 3 0  

FX/FZ V S .  VERTICAL LOAD . . . . . . . . . . . . . . . 4 3 2  

F X I F Z  V S .  VELOCITY . . . . . . . . . . . . . . . . . 433  

U n i r o y a l  U n i m a s t e r  R i b  o n  A s p h a l t  

DYNAMOMETER 

F x I F z  v s .  L o n g i t u d i n a l  S l i p ,  L o a d  & 
V e l o c i t y  . . . . . . . . . . . . . 4 3 6 - 4 4 1  

U n i r o y a l  F l e e t  U n i - m a s t e r  

H. CORNERING STIFFNESS VS. INFLATION PRESSURE @ 
5000 ,  7 5 0 0  LB . . . . . . . . . . . . . . . . . . . . 4 4 2  

U n i r o y a l  U n i m a s t e r  R i b  

I. TABULATED DATA - UNIROYAL FLEET-UNI-MASTER . . . . . 443  

L a t e r a l  F o r c e  @ V a r i o u s  C o m b i n a t i o n s  o f  I n -  
f l a t i o n  P r e s s u r e ,  L o a d  & S t e e r  A n g l e  

A l i g n i n g  Moment  @ V a r i o u s  C o m b i n a t i o n s  o f  I n -  
f l a t i o n  P r e s s u r e ,  L o a d  & S t e e r  A n g l e  



M. NORMALIZED LONGITUDINAL FORCE VS. VERTICAL LOAD . , .444 

@ V = 64 km/hr on Dry Asphalt 

NORMALIZED LONGITUDINAL FORCE VS. VELOCITY . . . . . 444 
@ Rated Load on Dry Asphalt 

R. TABULATED DATA . . . . . . . . . . . . . . . . . . 4 4 5  

Vertical Load 
Inflation Pressure 
Lateral Force @ 1,2,4,8,12 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Aligning Torque @ 1,2,4,8,12 & 1 6 '  Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Highway Tread 







PLY RATlNG AND TIRE SIZE 

.- \ 
The ply rating designates the load range for which a particu- 

lar size tire is designed. Load limits for various sizes at specific 
inflation pressures up to the design pressure are tabulated 
according to empirical formulae. The ply rating is a measure 
of the strength of the tire carcass and does not necessarily 
indicate the actual number of plies. 

The tire pairs listed in Table 1 were tested on design width 
precision rims at the indicated pressures and loads which are 

near the design values specified for these tires used as s l r i~ l c s  

and duals. The higher rated tire of each pair 1s generally uscd 
as a dual. The 20 in tires that were tested all have the tread 
pattern shown in Fig. 6B. The tread pattern of the 1 1.00-22 
tires (Fig. 2A) is similar. Table 2 lists the measured mechani- 
cal properties and illustrates the differences which may be 
found in tires which are similar in all respects, except for ply 
rating. 

The differences seen in Table 2 are slight and possibly in- 
fluenced by tire nonuniformity and/or measurement precision. 
There is remarkably little change in the properties of the 
11.00.22 tires, the largest set tested for differences due to ply 
rating. The slight increase in test pressure (see Table I )  may 
be responsible for the increases in vertical spring rate. It is of 
interest to note that the vertical spring rate measured for the 
10.00.20 tire with the G rating was less than that obtained for 
the F load rating. However, the lateral force generating ability 
did increase with increased load rating as evidenced by the 

2400 

2200 

2000 

~ i ~ .  4 - ~ateral  spring rate K versus inflation Pressure for tires shown Fig. 5 . Lateral force versus slip angle and vertical load on 10.00-20/C Y 
in Figs. 2A-2C tire at rated pressure (100 psi) and at 50  psi 

L 
12.00- 20/G 
(6140 lb) 

11.00-22/G 
(6140 lb) 

( a )  R i b - t y o e  I ( b )  R l b - t y ~ e  I 1  ( c )  Ooen Tread 

46005 42000 28000 

5 0 8 . 2  5 2 3 . 4  5 1 6 . 0  

5 6 . 7  69 . O  3 9 . 9  

1477 1618 1291 

5032 4700 4500 

8 0 9 0 10 0 

p s i  

Fig. 6 - Measured mechanical properties of 
10.00-20lF nylon tire in three tread pattcrns. A. 
rib-type 1; B-rib-type 11; C-open Itcad 
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Figure 3.15.  Family of p -s l ip  curves measured for  a Goodyear Unis tee l  
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Radials - -  Bias Ply 

Figure 3 . 1 7 .  The load sensitivity of Fx/FZ values measured a t  4% s l ip  for 
heavy tires of radial and btas-ply construction ( t ires  are 
identified by code numbers previously listed in Table 3-1) .  



--' Normal i zed Load F,/FZR 
Figure 3.21. "Peak and slide'' values of Fx/Fz v s .  load for individual 

truck tires--superimposed within the en lope f d a t  taken 
on eight truck and bus t ires  at 20 mph !for Cole nuder 
idontifi~atinnc. CPP Table 3-1 1. 
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Figure 3.23.  "Peak and s l ide ' '  values o f  Fx/Fz vs. load f o r  ind iv idua l  
truck tires-superimposed w i t h i n  the envelope o f  data taken 

_. on e i g h t  t ruck and bus t i r e s  a t  55 mph (for code number 
i d e n t i f i c a t i o n s ,  see Table 3-1) .  
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F i g u r e  3.24. L a t e r a l  f o r c e  measurements o f  heavy t r u c k  and bus 
t i r e s  .a t  20 mph and 0.5 x r a t e d  load.  



Envelope o f  
a l l  8 tires 

Alpha (deg) 

Figure 3 . 2 5 .  Lateral  fo r ce  measurements o f  heavy t ruck  and bus 
t i r e s  a t  20 mph, 1.5 x r a t e d  load. 
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Figure 3.26. Typical array of ( F  /FZ vs. a)  curves covering the 
load range from 0 d R  t o  I .5 rR. 
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F igure  3.28. Envelope and s p e c i f i c  examples o f  (Fy/F, vs. a )  measure- 
ments taken f o r  8 heavy t r u c k  and bus t i r e s  a t  1.0 FzR 
and 40 mph. 



Figure 3.29. Envelope and s p e c i f i c  examples o f  (Fy/F? vs. u measure- 
ments taken f o r  8 heavy t ruck  and bus t l r e s  a t  1.0 FzR 
and 55 mph. 
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Measurements on each of eight tire specimens are  provided 

in the following tabular and graphic forms, presenting, f i r s t ,  

a sumnary of the peak and s l ide  values of Fx/F, a t  a l l  load 

and velocity conditions. Next, each ti r e ' s  run-by-run traction 
performance i s  represented i n  both tab1 es and print-plots of 

F,/F, (1 abeled "MUX") versus longitudinal slip. I 

The following heavy t i r e s  a re  represented in th i s  data 

se t .  

T i  re  Code Manufacturer - Model Size - 
H- 1 Uni royal Triple Tread 10.00 x 20F 

H-4 . B .  F. ~ o o d r i  ch Mi lesaver Radi a1 10.00 R 206 
H.D.R. 

H- 5 B . F. Goodri ch Mi lesaver Radial 10.00 R 206 
H.D.B. 

H-6 Goodyear Unisteel R-1 10.00 R 20G 

H-8 Fi restone Power Drive 10.00 x 20F 

H-12 F i  restone Commercial Mileage 12.5 x 22.56 

H-18 Mi chel i n Radial XZA 11 R 20H 

H-19 Mi chel in Radial XZA 11 R 22.5H 



20 mph 40 mph 
+ - -  

55 mph 
----fc---- 

C Summary - B.F. Goodrich M i l e s a v e r  Radia l  - 10 R 20G 
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w 2.0 RESEARCH METHODOLOGY 

The methodologies employed in th i s  study addressed the 
characterization of two diverse aspects of t i  re behavior. Measure- 
ment!; were conducted to describe b o t h  the noise and traction per- 
formance qual i t ies  of a sample o f  six truck t i r e s ,  under conditions 
whiclh were seen as relevant to  the respective noise and traction 
interests  arising from environmental and safety issues. W i t h  

regard to noise generation, measurements were made according to  
an existing standard practice, recomnended by the Society of 
Automotive Engineeys. Traction measurements were conducted 
according to  procedures developed a t  HSRI, since a standardized 
methodology has yet to be established. 

2.1 Tire Sample 

Six radial-ply heavy truck t i r e s ,  identified below, were 
selected t o  conduct the noise and traction experiments. All t i r e s  
were s ize 10.00 x 20/G, where the "G" designation indicates a 
T i  re and Rim Association (T&RA) rated load of 6040 1 bs a t  a cold 

inflation pressure of 105 psi. The t e s t  sample, as i l lus t ra ted  
in Figures la  and I b ,  contains three t i r e s  w i t h  "circumferential 
ribw-type tread patterns and three t i r e s  configured with tread 
patterns of e i ther  the "cross lug" or "aggressive r ib"  var iet ies .  

Sample of Radial-Ply Tires 

Rib Tread 

1 

F i  restone Transteel Traction I Lug Tread 
Goodyear Uni steel  L-1 

Fires tone Trans tee1 
Goodyear Unisteel R-1 
Michelin XZA 

Michelin XZZ } Aggressive R i b  

' 

I 
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Figure 3 
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i t  should be noted, by the substantial degree. of "mixing" which 

occur; among rib and l u g  data--quite in contrast with data taken 
on the similarly-limited sample of bias t i res  [ 2 ]  which showed 
virtually no mixing and a 23% spread i n  average (Fx/F, )  peak values 
on wet concrete. 

.J 

Regarding "slide" traction values, the d a t a  taken on wet and 
. -. 

dry concrete display virtually no significant r i  b/l ug distinctions 
I 

in the case of the radial truck t i r e .  This observation again con- 
t r a s t : ~  radials with bias-ply t i res ,  the l a t t e r  of which showed an 
avera~ge 16% lower slide traction performance of lug t i res  on wet 
concrete. 

I n  summary of longi tudi na1 traction measurements, radial -ply 
truck t i res ,  as represented in this  sample, are not seen t o  be 
significantly discriminated,. according t o  tread type, by the 
gathered peak and slide traction values. As a note regarding the 
stat is t ical  qua1 i t y  of  the longitudinal traction measurements, the 
data obtained i n  the three repeat runs for each t i r e  and surface are 
shown in Table 2 .  The tabulated d a t a  show t h a t  relatively good 

repeatabi 1 i ty was obtained, with a typical standard deviation of 
approximately .012 for either peak or sl  ide traction coefficients 
on b o t h  surfaces, 

, . 

3.4 Mobile Traction Results - Lateral 

Tests were conducted on the lateral traction dynamometer t o  
permiit examination of the friction-1 imited lateral force behavior 
o f  the six-t ire sample. Data resulting from these tes ts  were 
reduced t o  the plotted format of Figures 8 through 1 1 .  These data 
indicate the basic sensitivity of the F / F  versus a relationship 

Y Z  
to velocity and vertical load under the two subject surface conditions. 
As wii t h  longitudinal traction measurements, the t i r e  exhibits a 
steeply rising (e las t ic)  behavior followed by a friction-determi ned 

< A 

saturation. I n  the case of lateral traction, the a n g u l a r  s l i p  range 
of interest i s  limited t o  about a = 20°, thereby eliminating any need 

, . 
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NOISE-TRACTION STUDY, R A D I A L  TIRES 

Ti re Test Code Manufacturer 

ONA/B- 13-C-Date Fi res tone 

ONAjB-14-C-Date Fi res tone 

Goodyea r 

Goodyear 

Michel i n 

Michel i n  

ONA/B- 19- 0-Da t e  Fi  res tone 

ONA/B-20- 0-Date Fi res tone 

ONA/B-21- 0-Date Goodyear 

ONA/B-22-  D-Da t e  Goodyea r 

ONA/B-23- D-Date Michel in 

ONA/B-24- 0-Date Wichel in 

Mode 1 - 
Trans tee 1 

Trans teel 
Traction 
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/ Unisteel L-1 
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Figure 19. Peak and s l i d e  values versus load f o r  r a d i a l  t i r e s  
a t  20 mph on wet concrete. 



Figure C-37. Normalized l a t e r a l  f o r c e  versus  s l i p  angle  da ta  a t  
nominal veh i c l e  speeds of 20, 40 and 55 mph. The 
rad i  a1 , 10: 00R20, 1 oad range G ,  F i  res tone  Trans tee1 
Trac t ion  tires were t e s t e d  on a dry  Port land cement 
concre te  sur face .  T i r e  load was 6304 pounds. 



Figure C-38. Normalized l a t e r a l  force versus s l i p  angle f o r  
nominal t i r e  loads of 0.5,  1.0,  and  1.5 times T&RA 
ra ted  load. The r ad i a l ,  10:00R20, l o a d  range G ,  
Firestone Transteel Traction tires were tes ted  on a 
dry Portland cement concrete surface.  Nominal vehicle 
speed was 20 mph. 
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Figure C-39. Lateral force versus s l ip  angle data for repeated 
tests  a t  rated load and a vehicle speed of 20 mph. 
The radial , 10:00R20, 1 oad range G, Firestone Transteel 
Traction t i res  were tested on a dry Portland cement 
concrete surface. 





Figure C-41. Normalized l a t e r a l  fo rce  versus s l i p  angle f o r  nominal 
tire loads of 0.5,  1.0, and 1.5 times T&RA r a t ed  load. 
The r ad i a l  , 10:00R20, load range G, Firestone Transteel 
Tract ion tires were t e s t ed  on a wet Portland cement 
concrete  sur face ,  Nominal veh i c l e  speed was 20 mph. 



Figure C-42. Lateral force versus s l i p  angle data  for repeated 
tes ts  a t  rated load and a vehicle speed o f  20 mph. 
The radial, 10:00R20, load range G, Firestone Trans- 
tee1 Traction t i res  were tested on a wet Portland 
cement concrete surface. 
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Figure C-43. Normalized l a t e r a l  f o r ce  versus  s l i p  angle da ta  a t  
nominal veh i c l e  speeds of 20, 40 and 55 mph. The 
r ad i a l  , 10:00R20, load range G, Fires tone  Transteel  
tires were t e s t e d  on a dry  Port land cement concrete  
su r f ace .  T i r e  load was 6019 pounds. 
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Figure C:-44. Normalized la tera l  'force versus s l i p  angle for  nominal 
t i r e  loads of 0.5, 1 .0 ,  and 1.5 times T&RA rated load. 
The radial , 10:00R20, 1 oad range G, Firestone Transteel 
t i r e s  were tested on a dry Portland cement concrete 
surface, Nominal vehicle speed was 20 mph. 



Figure C-45. Lateral force versus s l ip  angle data for repeated 
tests a t  rated load and a vehicle speed of 20 mph. 
The radial, 10:00R20, load range G,  Firestone Trans- 
tee1 t i res  were tested on a dry Portland cement 
concrete surface. 
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Figure C-46. Normalized la teral  force versus s l i p  angle data a t  
nominal vehicle speeds of 20,  40 and 55 mph. The 
radial , 10:00R20, load range G ,  Firestone Transteel 
t i r e s  were tested on a wet Portland cement concrete 
surface. Tire load was 6003 pounds. 
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Figure C-47. Normalized l a t e r a l  f o r ce  versus s l i p  angle  f o r  nominal 
t i re  loads of  0.5, 1 .0 ,  and 1.5 times T&RA r a t e d  load. 
The r a d i a l  , 10:00R20, load range G, F i res tone  Transteel  
t i r e s  were t e s t e d  on a wet Port1 and cement concrete  
sur face .  Nominal veh i c l e  speed was 20 mph. 
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Figure C-48. Lateral force versus s l ip  angle data for repeated 
tes ts  a t  rated 1 oad ,and a vehicle speed of 20 mph. 
The radial , 10:00R20, 1 oad range G ,  F i  restone Trans- 
tee1 t i res  were tested on a wet Portland cement 
concrete surface. 
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Figure C-49. Normalized later force versus slip angle data at 
nominal vehicle speeds of 20, 40 and 55 mph. The 
radial , 10:00R20, load range G, Goodyear Unisteel 
R-1 tires were tested on a dry Portland cement con- 
crete surface. Tire load was 6287 pounds. 



Figure C-50. Normalized l a t e r a l  f o r c e  versus s l i p  angle  f o r  nominal 
t i r e  loads of  0.5, 1 .0 ,  and 1 .5  times T&RA r a t ed  load. 
The r a d i a l ,  10:00R20, load range G, Goodyear Unisteel 
R-1 t i r e s  were t e s t e d  on a d ry  Port land cement concrete  ... 
su r f ace ,  Nominal veh i c l e  speed was 20 mph. c.;:;:!: v5f.... 
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Figure C-51. Lateral force versus s l ip  angle data for repeated t e s t s  
a t  rated load and a vehicle speed of 20 mph. The radial, 
10:00R20, load range G ,  Goodyear Unisteel R-1 t i r e s  were 
tested on a dry Portland cement concrete surface. 
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Figure C-52. Normalized la te ra l  force versus s l i p  angle data a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
radial , 10:00R20, 1 oad range G ,  Goodyear Uni s teel  R-1 
t i r e s  were tested on a wet Portland cement concrete 
surface. Tire load was 6248 pounds. 
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Figure C-53. Normalized lateral force versus sl ip angle for nominal 
t i r e  loads o f  0.5, 1.0, and 1.5 times T&RA rated load. 
The radial, 10:00R20, load range G ,  Goodyear Unisteel 
R-1 t i res  were tested on8a wet Portland cement concrete 
surface. Nominal vehicle speed was 20 mph. 



. . 

Figure C:-54. Lateral force versus s l ip  angle data for repeated 
tes ts  a t  rated load and a vehicle speed of 20 mph. 
The r a d i a l ,  10:00R20, load range G ,  Goodyear Unisteel ... ...... ........ 
R-1 t i r es  were tested on a wet Portland cement concrete ........ ....... ....... ..... 
surface. 



Figure C-55. Normalized l a t e r a l  fqrce versus s l i p  angle data  a t  
nominal vehicle  speeds of 20, 40 and 55 mph. The 
r a d i a l ,  10:00R20, load range G, Goodyear Unisteel L-1 
tires were tes ted  on a dry Portland cement concrete 
surface. T i re  load was 5941 pounds. 



I HSRI MOBILE DYNRMORETER 1 

Figure C-56. Normalized l a t e r a l  f o r c e  versus s l i p  angle  f o r  nominal 
tire loads  of 0.5,  1 . O ,  and'l ' .5 t imes T&RA r a t e d  load.  
The r a d i a l ,  10:00R20, load range G ,  Goodyear Unisteel 
L-1 tires were t e s t e d  on a d ry  Port land cement concre te  
su r f ace .  Nominal v e h i c l e  speed was 20 mph. 
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Figure C-57. Lateral force versus s l ip  angle data for repeated tests 
at rated load and a vehicle speed of 20 mph. The radial, 
10:00R20, load range G,  Goodyear Unisteel I-1 tires 
were tested on a dry Portland cement concrete surface. 
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Figure C-58. Normalized lateral force versus s l ip  angle data  a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
radial , 1G:00R20, load range G, Goodyear Unisteel 
L-1 t i res  were tested on a wet Portland cement concrete 
surface. Tire load was 61 30 pounds. 
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Figure C-59. Normalized l a t e r a l  f o r ce  versus s l i p  angle f o r  nominal 
t i r e  loads o f  0.5, 1 .O, and 1.5 times T&RA ra ted  load. 
The r a d i a l ,  10:00R20, load  range G, Goodyear Unis tee l  
L-1 t i r e s  were tested on a wet Por t land cement concrete 
surface. Nominal veh ic le  speed was 20 mph. 
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Figure C-60. Lateral force versus s l i p  angle data for repeated t e s t s  
a t  rated load and a vehicle speed of 20 mph. The rad ia l ,  
10:00R20, load range G, Goodyear Unisteel I-1 t i r e s  
were tested on a wet Portland cement concrete surface. 
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Figure C-61. Normal ized 1 ateral force versus s l ip  angle data a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
radial ,  10:00R20, load range G ,  Michelin XZZ t i r e s  
were tested on a dry Portland cement concrete 
surface. Tire load was 5445 pounds. 



Figure C-62. Normalized la teral  force versus s l i p  angle for  
nominal t i r e  loads o f  0.5, 1.0, and 1.5 times T&RA 
rated load. The radial ,  10:00R20, load range G, 
Michel i n  XZZ t i r e s  were tested on a dry Portland 
cement concrete surface. Nominal vehicle speed was 
20 mph. 
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Figure C-63. Lateral force versus s l i p  angle data for  repeated 
t e s t s  a t  rated load and a vehicle speed of 20 mph. 
The radi a1 , 10:00R20, 1 oad range G ,  M i  chel in XZZ 
t i r e s  were tested on a dry Portland cement concrete 
surface. 



Figure C-64. Normalized lateral force versus sl ip angle data a t  
nominal vehicle speeds o f  20, 40 and 55 mph. The 
radial, 10:00R20, load range G, Michelin XZZ t i res  
were tested on a wet Portland cement concrete 
surface. Ti re load was 6022 pounds. 
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Figure C-65. Normalized l a t e r a l  force versus s l i p  angle f o r  
nominal t i r e  loads o f  0.5, 1 .O, and 1.5 times T&RA 
rated load. The rad ia l ,  10:00R20, load range G, 
Michelin XZZ t i r e s  were tested on a wet Portland 
cement concrete surface. Nominal vehicle speed was 
20 mph. 
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Figure C-66. Lateral force versus s l ip  angle data for repeated 
tes ts  a t  rated load and a vehicle speed of 20 mph. 
The radial,  10:00R20, load range G, Michel i n  XZZ 
t i r es  were tested on a wet Portland cement concrete 
surface. 
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Figure C-67. Normalized lateral  force versus s l ip  angle data a t  
nominal vehicle speeds of 20,  40 and 55 mph. The 
radial ,  10:00R20, load range G ,  Michel in XZZ t i r e s  
were tested on a dry Portland cement concrete 
surface. Tire load was 6184 pounds. 
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Figure C-68. Normalized l a t e r a l  force versus s l i p  angle f o r  
nominal t i r e  loads of 0.5, 1 .0 ,  and 1.5 times T&RA 
ra ted load. The r ad i a l ,  10:00R20, load range G ,  
Michelin XZZ t i r e s  were tes ted  on a dry Portland 
cement concrete surface.  Nominal vehicle speed 
was 20 mph. 
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Figure C-69. Lateral- force versus s l  i p  angle data for repeated 
t e s t s  a t  rated load' and a vehicle speed of 20 mph. 
The radial ,  10:00R20, load range G ,  Michel in XZZ 
t i r e s  were tested on a dry Portland cement concrete 
surface. 
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Figure C-70, Normal i zed 1 ateral force versus $1 i p angle data a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
radial,  10:00R20, load range G ,  Michel in XZZ t i r e s  
were tested on a wet Portland cement concrete surface. 
Tire load was 5515 pounds. ..... ..-. ....... ........ .... .....ma ...... 
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Figure C-71. Normalized lateral force versus s l ip  angle for 
nominal t i r e  loads of 0.5,  1.0,  and 1 .5  times T&RA 
rated load, The radial,  10:00R20, load  range G ,  
Michel in XZZ t i r es  were tested on a wet Portland 
cement concrete surface. Nominal vehicle speed 
was 20 mph. 



HSR I MOB I LE DYNAMOMETER 
08 - OCT - 76 

- RUN = 1 - RUN = 2 - RUN = 3 

5.00 10.80 15.00 20.010 
C 

L 

ALPHA IDEGREESI 

Figure C-72. Lateral force versus sl ip angle data for repeated 
tests a t  rated load and a vehicle speed of 20 mph. 
The radial, 10:00R20, load range G, Michelin XZZ 
tires were tested on a wet Portland cement concrete 
surface. 
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2 .  TEST TIRES 

The t i r e  sample was chosen  t o  be r e p r e s e n t a t i v e  o f  t h e  e n t i r e  

t r u c k  t i r e  p o p u l a t i o n ,  t h a t  i s ,  r e p r e s e n t a t i v e  i n  c o n s t r u c t i o n ,  

b r a n d  and p o p u l a r i t y .  The number of  t i r e s  o f  e a c h  b rand  s e l e c t e d  
f o r  t h e  t e s t  sample was based  on t h e  market  p e n e t r a t i o n  o f  t h e  

s a l e s  o f  t h a t  b rand ,  and t h e  r e l a t i v e  number o f  t i r e s  of  t h e  

t h r e e  major  t y p e s  ( b i a s  p l y ,  r i b b e d  t r e a d ;  b i a s  p l y ,  l u g  t r e a d ;  

and r a d i a l  p l y ,  r i b b e d  t r e a d )  was based  on t h e  r e l a t i v e  popula-  

r i o y  of t h e  t y p e s .  T a b l e  1 l i s t s  t h e  t e s t  t i r e s  and i d e n t i f i e s  

t h e i r  t y p e .  

A l l  o f  t h e  t i r e s  were o f  t h e  10.00 x  2 0  s i z e  and  t h e y  were 

mounted on t h e  p r o p e r  rim recommended by t h e  T i r e  R i m  Assoc i -  

a t i o n .  They were i n f l a t e d  t o  t h e  maximum p r e s s u r e  (85  p s i  

f o r  b i a s  p l y  t i r e s  and 9 0  p s i  f o r  r a d i a l  p l y  t i r e s )  and loaded  

t o  a nominal 4 , 6 2 0  l b s .  

Each t i r e  was warmed-up by t r a v e l i n g  abou t  s i x  m i l e s  a t  50 

m i l e s  p e r  hour  immedia te ly  b e f o r e  b e i n g  t e s t e d .  Each t i r e  
was a l s o  b r o k e n - i n  by s i x  b r a k e  a p p l i c a t i o n s  o f  one second l o c k -  

up d u r a t i o n  d u r i n g  t h e  warm-up. The whole group o f  t i r e s  

were t e s t e d  i n  b r a k i n g  and t h e n  r e t e s t e d  l a t e r  i n  c o r n e r i n g  
a s  a  group.  

3 .  SURFACES d 

Two pa.vements v e r y  much l i k e  t h e  Uniform T i r e  Q u a l i t y  Grading 

t r a c t i o n  pads a t  San Angelo,  Texas were used .  The s u r f a c e s  

were l o c a t e d  a t  t h e  T r a n s p o r t a t i o n  Research  C e n t e r  o f  Ohio. 
One s u r f a c e  was a h o t  mixed b i tuminous  a s p h a l t  pavement w i t h  

a  nominal  ASTM E 2 7 4 - 7 0  s k i d  number of  60. The o t h e r  s u r f a c e  

was a  p o l i s h e d  P o r t l a n d  cement c o n c r e t e  pavement w i t h  a nominal 
'.. - ASTM E 2 7 4 - 7 0  s k i d  number o f  35.  



TABLE 1, TEST TIRES 

TIRE 
NO. 

laGb 
2aGb 
3aeb 
4aGb 
5aGb 
6aGb 
7aGb 
8aGb 
9aGb 
10aGb 

w lla$b 
12aGb 
13aGb 
14a4b 
15aGb 
16aeb 
17ahb 
18a4b 
19aGb 
20aGb 
2laGb 
22a4b 
24aGb 
26aeb 

% OF 
MANIJFACTURER MARKETk 

Goodyear 
Goodyear 
Goodyear 
Goodyear 
Goodyear 
Firestone 
Fires tone 
Fires tone 
Firestone 
Kelly-Springfield 
Kelly-Springfield 
General 
General 
Michelin 
Flichel in 
Uniroyal 
IJniroyal 
B. F. Goodrich 
B.F. Goodrich 
Sears 
Sears 
Arms trong 
Dayton 
Recap 

MODEL 
CARCASS 
TYPE 

TREAD 
TYPE 

Unisteel-2 
Himiler Special 
Custom quiet Drive 
SuperHiMiler 
Custom Hi-Fliler 
Power Drive 
Transteel 
Lonp Hauler 
Super All Traction 
Registered Armor Trac 
Registered Drive Trac 
GQT 
QCL 
XZA 
xzz 
Fleetmaster Triple Tread 
Fleetmaster Superlug 
Extra Fliler XIJ 
Traction Express Custom 
Plus Mileage Rib 
Silent Trac 
SD-200 
Thorobred Premium ESD 
Uniroyal Fleet Carrier 

Radial 
Bias 
Bias 
Bias 
Bias 
Bias 
Radial 
Bias 
Bias 
Bias 
Bias 
Bias 
Bias 
Radial 
Radial 
Bias 
Bias 
Bias 
Bias 
Bias 
Bias 
Bias 
Bias 
Bias 

Rib 
Rib 
Rib 
Rib 
Rib 
Lug 
Rib 
Rib 
Lug 
Rib 
Lug 
Rib 
Lug 
Rib 
Rib 
Rib 
Lug 
Rib 
Lug 
Rib 
Lug 
Rib 
Rib 
Rib 

*Tire Review Magazine 



TABLE 2 
TRUCK TIRE TRACTION FORCE COEFFICIENTS ON CONCRETE CORRECTED FOR SURFACE WEAR 

TYPE NO. 
5 5  mph 4 0  mph 55 mph 4 0  mph 5 5  mph 

avg s avg I s avg I s avg I s avg ( s avg ( s '  

I 2A 
2 8  
4A 
4B 
5A  
5B 
8A 

B 8B  
I 1 0 A  
A 1 0 B  
S 1 2 A  

1 2 B  
R 1 6 A  
I 1 6 8  

24B 

6 B 
B 9 A  
I 9B 
A 11'4 
S 1 1 B  

1 3 A  
L 1 3 B  
U 1 7 A  E 2 1  B 

R 1 B  
A 7 A  
D 7 B  

1 4 A  
R 1 4 B  
I 1 5 A  
B 1 5 B  - 

RE 26A  
CAP 26B 



TABLE 3 - 20 1 - 
TRUCK T I R E  TFACTION FORCE COEFFICIENTS ON ASPHALT CORRECTED FOR SURFACE WEAR 

i 
B 
I 
A 
S 

R 
I I 

B 

1 B I 

A 
S 

L 
U 

I A R 

D 

R 
I 
B - 

RE 
CAP - 

J 

TIRE 
TYPE 

lJ 
T I R E  
NO. 40 mph 

avg 1 s 

pxs 
55 mph 

a v g l  s 
, 40 mph 

avq 1 s 

p x ~  
55 mph 

a v g (  s 
40 mph 

a v g l  s 
55 mph 

avg I s 
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F i g .  2 1  
Histo ram of Test Sample Distribution for Locked Wheel Force Coefficient (u,,) 

a! 55 MPH on Asphalt and a Prediction of the Population Distribution 
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T A B L E  4 .  SAMPLE MEAN AND STANDARD D E V I A T I O N  
FOR EACH T R A C T I O N  P R O P E R T Y  AT EACH 
S P E E D  AND SURFACE 

P r o p e r t y  
blean 6 
S t a n d a r d  
Deviation 
- 
vx s 

s 
- 
"XP 

s 

- 
u YP 
s 

A s p h a l t  
I 

4 0  mph 

0 . 4 9 7  

0 . 0 4 8  

0 . 7 1 6  

0 . 0 6 5  

0 . 6 5 2  

0 . 0 4 8  

C o n c r e t e  

5 5  mph 

0 . 4 3 3  

0 . 0 3 1  

0 . 6 6 0  

0 . 0 5 3  

0 . 6 0 2  

0 . 0 4 5  

40  mph 

0 . 2 2 9  

0 . 0 2 3  

0 . 3 2 0  

0 . 0 3 7  

0 . 3 8 1  

0 . 0 2 7  

55  mph 

0 . 1 9 1  

0 .023 '  

0 . 2 7 6  

0 . 0 3 6  

0 , 3 3 9  

0 . 0 3 4  



F i g .  2 6  

Comparison o f  Locked Wheel Braking Force C o e f f i c i e n t  (p,,)  f o r  Truck 
T i r e  and Car T i r e  Populat ions  on Concrete 







F i g .  2 9  
~ o m ~ a r i s o n  of Locked Wheel Braking Force Coefficient ;pxsj for Truck 

Tire and Car Tire Populations on Asphalt 

- 

- 

- 

- 

- 

- 

- 

- 

t 

TRUCK T I R E S  

UNPUBLISHED CAR 
T IRE D A T A  

I 

,30 @ 







T A 8 L E  4. SAMPLE MEAN AND STANDARD D E V I A T I O N  
FOR EACH T R A C T I O N  PROPERTY A T  EACH 
S P E E D  AND S U R F A C E  

P r o p e r t y  
Mean $ 
Standard 
l l ~ ~ r ~ n t i u  
- 
%s 

s 
- 
p x ~  

s 

- 
u YP 
s 

Aspha 1 t 
I 

4 0  mph 

0 . 4 9 7  

0 .048  

0 .716 

0 .065 

0 .652  

0.048 

C o n c r e t e  

55 mph 

0 . 4 3 3  

0 . 0 3 1  

0 .660  

0 .053  

0 . 6 0 2  

0 .045  

40  mph 

0.229 

0 .023 

0.320 

0.037 

0 . 3 8 1  

0 .027  

55 mph 

0 . 1 9 1  

0 .023 

0 .276  

0 .036  

0 ,339  

0 .034  





TABLE 5 .  CORRELATION BETWEEN TRACTION PROPERTIES 

COMPARISOIV 

P,; V s *  P X p  

p~~ 
VS.P 

YP 

llyp 
vs.p 

X P  

b 

ASPHALT 

40  mph 
1 

. 5 6 3  

. 20 

- .  2 3  

CONCRETE 

5 5  mph 

. 4 0 0  

. 0 5  

. 0 6  

40  mph 

. 8 7 6  

. 0 0 5  

, 4 0 5  

55  mph 

. 7 2 0  

. 0 5 7  

. 2 8 5  

L 



,- x Tire: Highway Tread 10-20/~  ( ~ e w )  R i m :  20~7 .50  

hfERAL SOURCE vs SLIP ANGLE AND VERTICAL LOAD 

Vertical I a f l a t  ion Lateral  Force a t  Indicated Sl ip  Angle (deys. 1 
Load Pressure 

( lbs  . ) 1 2 4 8 12 16 - - ( p s i )  - - -  
50 261 472 795 1099 1210 1304 

1400 85 252 449 7 6  1 E 7  1159 1342 
100 210 416 759 1120 1195 1152 

LOO 

ALIGNING TORQUE vs SLIP ANGU AND VERTICAL LOAD 

Vertical Inf la t ion Aligning Torque a t  Indicated S l ip  Angle (degs. ) 
Load Bessure 

i ( lbs . )  - ( p s i )  1 2 4 8 12 16 - - - -  
50 21 36 41 18 3 2 

I 1400 
8 5 21 32 3 5 21 7 1 

100 17 29 40 30 8 0 

50 
85 

LOO 



;\LII;:;:II?G ??3G;E vs SLIP AKGLE AND VERTICAL LOAD (Continued: 

Ver t ica l  I n f l a t  ior: Aligning Torque a t  Indicated S l i p  Angle ( d e r s .  : 
Loadi Pressure 

( I ~ s .  ) ( p s i )  1 2 L e 12 1~ ------ 
:C 161 28f h51 522 LO: 3 1 ~  

6700 6: 148 25; 36: 8 278 205 
100 120 234 403 445 289 143 

50 
8100 8 5 

LOO 

CIRCCiMFERENTIAL STIFFNESS vs SLIP ANGLE AND NORMAL LOAD 

Verti ,cal  I n f l a t i o n  Ver t ica l  
Load Pressure s Spring Rate 

( Ibs, . ) ( l b s  . ) ( l b s .  / in .  ) -- ( p s i )  

50 2857 
54 ;o 8 5 50,000 4%: 

100 55 32 
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Summary - Michelin Radial  XZA - 11 R 20H 
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85 P S I  
Z e r o  C a m b e r  

8 0  P S I  
Z e r o  Camb 

Load 6 1 4 0  l b .  

C S  5 1 , 0 0 0  l b l u n i t  

Ca 5 3 6 . 9  l b l d e a  

Load 6 1 4 0  l b .  

C, 6 0 , 0 0 0  l b l u n i t  

C a  7 0 0 . 8  l b l d e ~  

Cy 1 0 1 . 6  l b l d e a  

K 1 9 0 0  l b l i n  
Y 

9 0  P S I  
Z e r o  Camber 

- - 
Load 8 6 4 0  l b .  

C s  8 5 , 0 0 0  l b l u n i t  s l  

Ca 1 0 1 4 . 7  l b l d e a  

S l i n  

C 
Fig. 2 - Meiisured mechanical properties of three different tires. A-1 1.00-: 



piofile become very pronounced, especially in the sidewall 
area, and cause a reduction in spring rate. It should be noted 
'+at the maximum value of lateral spring rate occurs near the 
,.sign load for each tlre tested. 
The vertical load-deflection data are remarkably linear for a 

broad range of tire loads (Fig. 1). Fig. 1 suggests that it is 
reasonable to consider the tire as a linear vertical spring with 
spring rate, KZ, defined as the average slope of the load- 

deflection plot. 

INFLATION PRESSURE 

Increasing inflation pressure reverses the deformation caused 
by vertical load. Although a decrease in  ont tact length ac- 
companies an increase in inflation pressure, the dominant 
effects of increased pressure are reduced curvature in the side- 
wall and a generally stiffened carcass structure. The net result 
is a lateral spring rate that increases with inflation pressure, as 
is demonstrated by Fig. 4; these data being obtained on the 
three tires shown in Figs. 2A-2C. As may be expected, the 
effect of increasing the: pressure is more pronounced at the 

15-22.5/H 
(90 psi) 

12.00-2OIG 
(80 psi) 

11.00-22/G 
(90 psi) - 

higher loads which cause large distort~ons in the meridian 
profile. 

The cornering stiffness, C,, exhiblts similar pressure sen- 

sitivity at higher vert~cal loads. Fig. 5 compares the lateral 
force versus slip angle and vertical load exhibited by a I 

10.00-20/G tire (Fig. 6B) at rated inflation pressure (100 
psi) and at 50 psi. As can be anticipated from lateral spring 
rate behavior measured for these three different tires (Fig. 

P 
4), cornering stiffness increases with inflation pressure at v 

higher loads. 1 
The apparent similarity between K and C, is due to the 

Y 
definition of I$ as the lateral stiffness of a standing tire mea- 

I1 

sured at, effectively, a 0 deg slip angle while C, is defined to 

measure the stiffness of the rolling tire in generating lateral 
force at very small slip angles. However, the contact region 
deformation associated with tire traction is considerably more 
complicated than the deformation associated with the mea- 
surement of K . As no rational basis exists for the correlation Y , 
of these values, they are treated as independent mechanical 
properties. 

lb/unit slip 15-22.5/H 
(90 psi) 

12.00-2O/C 
(80 psi) 

11.00-22lC 
[90 psi) 

I Tire Load [lb) - 
c zed00 4,;00 6,;00 8,:00 10,~00 

lb/in 
15-22.5/H 
(90 p s i )  

1b;;eg / 1 ~ 9 ~ 2 ~ ~ ~ 7  ' 

800 

12.00-ZO/C 
700- (80 psi)  

2000 - 
60 11.00-Z2/C 

(90 p s a )  
11.00- 22lC - (90 p s l )  

500 
._ -- 

1600 - 12.00-2OlC 

1400 - 
300- 

1200 
Tire Load (lb) 

Tire Load (Ib) I I I I I 

too 2000 4000 6000 8000 10000 
I I I I 1 

B *OO0 
4000 6000 8000 10000 D 

a D c s ~ g n  Load 

Fip. 3 - Variation of mechanical properties with tire load for tires shown in Figs. 2A-2C. A-camber stiffness versus tire load; 8-cornering stiffne!is 
versus tire load; C-circurnferential stiffness versus tire load: Dlateral spring rate versus tire load 



loads, the tire behaves (laterally) like a softening spring. The 1 = 1 locked wheel 
lateral spring rate is the slope through the origin of the lateral s = 0 free rolling (light braking: s < 0.05) 
load-deflection curve. < 0 driving 

TRACTION STIFFNESS (C,, C7, Cs) - The following three F, = longitudinal traction force (depends primarily on s)  

properties are defined to characterize the mechanical behavior Fy = lateral traction force (depends on both a and y) 
of a rolling tire operated at very small slip and camber angles 
and for very light application of braking o r  driving power: Graphically, the traction stiffness is the slope taken through 
Cornering Stiffness the origin of the traction force (Fx or F ) versus a particular Y 

Camber Stiffness 

Circumferential Stiffness 

operating variable (a, y, or s) curve. These stiffnesses measure 
the initial rise of traction force and have no direct relation to 

(1) peak values. However, a tire with higher traction stiffness will 
usually develop higher peak traction force. The usefulness of 
these definitions depends on linear behavior for small values of 
the operating variables. Examination of the following truck 
tire data will show this linearity to be a reasonable assump- 
tion. 

(2 )  
GENERAL BEHAVIOR 

Figs. 2A-2C describe three truck tires chosen to exhibit a 
broad range of traction stiffncss properties*. The mechanical 
properties listed below each tire were measured at rated load 
Hnbpressure. The carpet plots of lateral force versus slip angle 

(3) and vertical load show the variation in lateral force obtained 
and indicate how the cornering stiffness, C,, is related to slip 

where: angle and load. Although C, measures only the initial rise of 

a = slip angle 
7 = camber angl? 
s = circumferential slip parameter 

lateral force with slip angle for a particular tire load, the rise is 
similar at other tire loads. It appears that a tire showing 
higher cornering stiffness will develop more lateral force than 
a lower stiffness tire operated at  the same slip angle and 
vertical load. 

TIRE LOAD 

The operating variable having the greatest influence on 
traction stiffness is tire load. The influence of tire load derive:$ 
from the extreme deformation which a tire undergoes in the 
contact region. Specifically, the meridian and circumference 
profiles, intersecting at the center of contact, are substantially 
altered in dimension and curvature as tire load is increased. 
The camber, cornering, and circumferential stiffnesses, being 
indirectly influenced by lateral and longitudinal tire stiffness, 
are consequently dependent on structural geometry, and are 
seen t o  increase with test load for the tires diagrammed in 
Figs. 3A-3D. 

Particularly affected by sidewall deformation is the lateral 
spring rate, Ky. Fig. 3D illustrates the variation of Ky with 

tire load for the three tires shown in Figs. 2A-2C. Increasing 
load on the tire from far below the design value results mainly 
in an increased contact length with some change in the 
meridian profiie. The increased contact length causes an in- 
crease in lateral stiffness. At higher loads, the changes in tire 

Fig. 1 - Vertical load versus change in low-speed rolling height oftires *The tires are representative of the 14 different truck tire 
shown in Fig. ZA-2c sizes tested for this program. 



PLY RATING AND TIRE SIZE 

The ply rating designates the load range for which a particu- 
size tire is designed. Load limits for various sizes at specific 

  flati ion pressures up to the design pressure are tabulated 
according to empirical formulae. The ply rating is a measure 
of the strength of the tire carcass and does not necessarily 
indicate the actual number of plies. 

The tire pairs listed in Table 1 were tested on design width 
precision rims at the indicated pressures and loads which are 

' K~ 1 5 - 2 2 . 5 / H  
l b / i n  ( 8 4 6 0  l b )  

L- ' 1 1 . 0 0 - 2 2 / G  
" ( 6 1 4 0  l b )  , iL-. -, 

8 0  9 0 10  0  

psi  

near the design values specified for these tires used as sitlglcs 
and duals. The higher rated tire of each pair is generally used 
as a dual. The 20 in tires that were tested all have the tread 
pattern shown in Fig. 68. The tread pattern of the 11.0027, 
tires (Fig. 2A) is similar. Table 2 lists the measured mechani- 
cal properties and illustrates the differences which may be 
found in tires which are similar in ail respects, except for ply 
rating. 

The differences seen in Table 2 are slight and possibly in. 
fluenced by tire nonuniforrnity and/or measurement precision. 1 ' 
There is remarkably little change in the properties of the 
11.00-22 tires, the largest set tested for differences due to ply 

I 
rating. The slight increase in test pressure (see Table 1) may I 

be responsible for the increases in vertical spring rate. It is of 
interest to note that the vertical spring rate measured for the 
10.0@20 tire with the C rating was less than that obtained for 
the F load rating. However, the lateral force generating ability I 
did increase with increased load rating as evidenced by the 

~ i ~ .  4 - Lateral spring rate H; versus inflation Pressure for tires shown Fig. 5 . Lateral force versus slip angle and vertical load on 10.00.201G Y 
in Figs. 2A-2C tire at rated pressure (100 psi) and at 50  psi 

( a )  R i b - t y ~ e  I ( b )  R i b - t y ~ e  I 1  ( c )  Ooen Tread  

46000 42000 28000 

508 .2  523.4 516 .0  

5 6 . 7  69 .O 3 9 . 9  

1477 1618 1291 

5032 4700 4500 

l b / u n l t  s l i n  

l b l i n  Fig. 6 - Measured mechanical propertics of 
10.00-2011: nylon tire in three tread patterns. A- 

l b / i n  rib-type I :  B-rib-type 11; C-open tread 



measured increase in C, and by the carpet plot comparison 

given in Fig. 7. 
, Fig. 7 represents the extreme in force variation found in this 

study of ply rating and tire size. More tests are needed to 
establish firmly the trends evident in Table 2. 

TREAD PATTERN INFLUENCE 

It is widely recognized that the tread pattern is a very im- 
portant factor in wet traction performance. However, i t  also 
appears that pattern influence is noticeable in the data  from 
low-speed dry-traction flat bed tests. Fig. 6 shows the three 
10.00-20/F nylon tires, similar except for  tread design, that 
were tested in this study. Listed beneath the tires are the five 
basic mechanical properties defined earlier. The values shown 
were measured at  rated inflation pressure, 85 psi, and rated 
load, 5430  Ib. 

From an examination of the data, it appears that tread 
design has little influence on  the tire spring rates K and Kt. Y 
The cornering stiffness, C,, was affected very little although 

the open tread did generate slightly higher lateral force at 
higher slip angles than the rib-type pattern (see comparison 
presented in Fig. 8). The camber stiffness, C , was sub- 

Y 
stantially changed by the tread pattern. In Fig. 9, it  is seen 
that the open treat1 generated considerably less lateral force 
(or camber thrust) than the rib-type pattern. 

The marked decrease in longitudinal stiffness, Cs (Fig. 6), 

Table 1 -Tires Tested to Determine Influence of 
Ply Rating and Tire Size on 

Mechanical Properties 

Tire Test Test 
Size and Rating Pressure, psi Load, Ib 

is a result of increased tread compliance*. I t  would be of 
considerable interest to  compare the peak braking traction of 
the rib-type and open tread tires. Although the force mea. 
suring equipment employed in these tests was incapable of 
responding to a longitudinal slip much above s = 0.04**, the 
higher initial slope (indicated by the measured Cs) of the Fx 

*This is to  be expected in the open pattern which has ap- 
proximately twice the void area of the closed rib-type pattern. 

**Far below that required for peak braking force generation. 

Fig. 7 -Comparison of lateral force versus slip angle and vertical load 
on 10.00-20 tires with ply ratings F and G 

, . - rrn r r l l  

: p . :  I-.*. 
. i  ". -----st. . r e < .  

Fig. 8 - Lateral force versus slip angle and vertical load on open and 
rib-type I1 trcad patterns 

Table 2 - Measured Mechanical Properties for Three Sets of Two Tires Which 
Differ Only in Ply Rating 

T i e  9.00-20 10.00-20 1 1 .Oo-22 

Rating E F F - G  - F -  G ---- 
Cs, lb/unit slip 41,000 41,000 42,000 50,000 47,000 51,000 

Ca, Ib/deg 466.1 479.4 523.4 588.8 542.7 536.9 

C7, lbldeg 59.6 64.4 69.0 74.6 63.3 62.8 

- Ky, Ib/in 1.673 1,889 1,618 1,482 2,116 1,909 

K,, Ib/in 3.824 4.122 4,700 4,363 5,578 5,850 
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Tire:  Highway Tread 1 1 - 2 2 / ~  Rim: 22u" .;* 

LATERAL FORCE vs SLIP ANGLE AND VERTICAL LOAD 

Vert ical  I n f l a t  ion La te ra l  Force a t  Indicated S l i p  Angle ( d e p  . ) 
Fressure 

- 
Load 

( 11,s. ) ( p s i )  1 2 4 2 12 It: - - -  
2100 85 268 508 903 1428 2003 2269 

ALIGNING TORQUE vs SLIP ANGLE AND VERTICAL LOAD 

Vert i c  a 1  Inflation Aligning Torque a t  Indicated S l i p  Angle (degs. ) 

Load Pressure 
- 

(1 .b~ .  ) . ( p s i )  1 2 4 8 12 16 
I- 

- 7 - -  

2100 8 5 3 1  51 73 73 54 22 

76 133 205 230 204 131 

120 215 345 420 LOO 274 

156 290 478 607 613 448 

183 356 598 784 838 t39 

CIRCUIIFERENTIAL STIFFNESS vs SLIP ANGLF, AND NORMAL LOAD 

Ver t ica l  I n f l a t  ion Ver t ica l  
Load Pressure cs Spring Rate 

( l b s . )  ( p s i )  ( l b s . )  ( l b s . / i n .  ) -- 
2100 85  21,000 



Tire: Highway Tread 11-22/G R i m :  22~8 .50  

LATERAL r'ORCE vs SLIP ANGLE AND VERTICAL LOAD 

Vertical Inf la t ion Lateral  Force a t  Indicated S l ip  Angle (degs. ) 
Load Pressure 

( L ~ s . )  (PSI) 1 2 4 a 12 16 
I _ _ - - - -  

2 100 90 265 497 973 1636 2C17 1927 

ALIGNING TORQUE vs SLIP ANGLE AND VERTICAL LOAD 

Vert i c s l  Inf la t ion Aligning Torque st Indicated Sl ip  Angle (degs . ) 
Load Pressure 

( lbs . )  ( p s i )  1 2 4 8 12 16 ------ 
2100 90 28 46 77 7 5 46 - 5 

CIRCUMFERENTUU, STIFFNESS vs SLIP ANGLE AM) NORMAL LOAD 

Vertical In f la t  ion Vertical 
Load Pressure s Spring Rate 

( ~ b s  . ) ( p s i )  ( l b s . )  ( ~ b s .  / in.  ) 

2100 90 23,000 



2 . 2  DATA MEASUREMENT AND PROCESSING PROCEDURES 

2 . 2 . 1  TIRE PREPARATION. Truck t i r e s  were prepared f o r  

t e s t i n g  through the  maintenance of c e r t a i n  p r a c t i c e s  in tended 

t o  a s s u r e  cons i s t ency  of t e s t  cond i t i ons  as  w e l l  as r ep re -  " 

s e n t a ~ t i v e n e s s  of measured t r a c t i o n  performance. A l l  t i r e s  

were mounted on t h e i r  r e s p e c t i v e  T i r e  R i m  Assoc ia t ion-  

recommended rims ( d i s c  whee ls ) .  

The i n f l a t i o n  p re s su re  of each t i r e  was mainta ined a t  

a  r e p r e s e n t a t i v e  "hot" i n f l a t i o n  l e v e l  which had been 

i d e n t i f i e d  i n  p r i o r  t e s t i n g  as  t he  equ i l i b r ium va lue  which 

acconlpanies ope ra t i on  a t  60 mph and r a t e d  l oad ,  fo l lowing 

"cold" i n f l a t i o n  t o  t h e  TGRA-recommended v a l u e .  The maintained 

"hot" i n f l a t i o n  p re s su re  va lues  a r e  shown f o r  each sample i n  

Table! 4 .  

Table 4 .  

Maintained 
TERA-Recommended I1Ho t" 

T i r e  Sample S i ze  Code "Cold" I n f l a t i o n  I n f l a t i o n  - 
Fi re s tone  10.00x20/F FTlO 85 p s i  100 p s i  
Transpor t  1 

Goodyear Super 10.00x20/F GySlO 8 5 1 0 0  
H i  Mi.ler 

General Power 10 .OOx20/F G l l J l O  8  5 1 0 0  
J e t  

Goodyear Super 11x22.5/F GySll 90 
H i  Mi.ler 

F i r e s  tone 12.00x20/H FT12  105 
Transpor t  1 

Unirclyal 15x22.5/H UU15 100 
Unimas t e r  R i b  



Each t i r e  u a s  " b r o k e n - i n , "  on t h e  t e s t  mach ine ,  f o r  a  

d i s t a n c e  o f  a p p r o x i m a t e l y  10 m i l e s ,  and a t  a  v e l o c i t y  o f  

4 0  mph, f o l l o w e d  by t h e  e x e c u t i o n  of  s i x  p r e l i m i n a r y  " lockup  

c y c l c s "  f o r  pu rposes  o f  removing any s u r f a c e  c o n t a m i n a n t s  

r e m a i n i n g  from t h e  t i r e  molding p r o c e s s .  

I t  h a s  been  r a t i o n a l i z e d  t h a t  customary p r e p a r a t i o n s  

employed i n  p a s s e n g e r  c a r  t i r e  t e s t i n g ,  such  a s  u t i l i z a t i o n  

of a 1 0 0 - m i l e  f r e e - r o l l i n g  b r e a k - i n  p r a c t i c e ,  a r e  most l i k e l y  

i n a p p r o p r i a t e  f o r  p r e p a r a t i o n  o f  heavy t r u c k  t i r e  s a m p l e s ,  

e i v e n  t h a t .  t h e  s l i p  e n e r g y  e x p e r i e n c e d  i n  a  s i n g l e  l o c k u p  f a r  - 
e s c e e d s  t h ~ e  accumula ted  work h i s t o r y  e n c o u n t e r e d  d u r i n g  t h e  

f r e e - r o l l i n g  p r a c t i c e .  A c c o r d i n g l y ,  t h e  i n i t i a l  a p p l i c a t i o n  

o f  s i x  1oc:kup c y c l e s  was s e e n  a s  a  more s a t i s f a c t o r y  method 

f o r  a s s u r i n g  t h z t  t h e  sample  e x p e r i e n c e s  t h e  n e c e s s a r y  
t r a n s i t i o n  i n  t r e a d  s u r f a c e  c o n d i t i o n s  p r i o r  t o  d a t a - t a k i n g .  

I \ i o u l d  a p p e a r  from d a t a  which a r e  p r e s e n t e d  l a t e r  t h a t  t h e  

t i r e s  examined i n  t h i s  sample d i d  i n d e e d  e x h i b i t  a q u i t e  s t a b l e  

t r a c t i z n  per formance  o v e r  t h e  sequence  of  t e s t  r u n s ,  f o l l o w i n g  

t h e  i n d i c a t e d  b r e a k - i n  p r o c e d u r e .  The need  - f o r  s u c h  a  b r e a k -  

i n  p r a c t i c e ,  however ,  has  n o t  been  e x p l o r e d .  

2 . 2 . 2  TRACTION 31EASUREMENT P R O C E D U R E .  The b a s  i c  lockup  

c ) . c l e ,  i ihich was a p p l i e d  s i x  t i m e s  i n  s u c c e s s i o n  a t  e a c h  

c o n d i t i o n  of v e l o c i t y  and v e r t i c a l  l o a d ,  i n v o l v e d  a  c o n t r o l l e d -  

o n s e t  b r a k e  t o r q u e  a p p l i c a t i o n  f o l l o w e d  by an a u t o m a t i c  b r a k e  

r e l e a s e ,  as  diagrammed i n  F i g u r e  10 .  By means o f  an 

a p p r o p r i a t e  t h r o t t l i n g  v a l v e  s e t t i n g ,  t h e  f low o f  a i r  i n t o  

t h e  chambers o f  a  dual -wedge  drum b r a k e  was c o n t r o l l e d  t o  

r r o v i d e  a  g r a d u a l  approach  toward  t h e  peak f o r c e  c o n d i t i o n ,  

t h u s  i n c r e a s i n g  t h e  q u a n t i t y  o f  d a t a  g a t h e r e d  i n  t h e  v i c i n i t y  - 

o f  t h e  peak l o n g i t u d i n a l  f o r c e .  The l o c k e d - w h e e l  c o n d i t i o n  

i s  c o n s t r a i n e d  t o  a p p r o x i m a t e l y  1 5 0  m i l l i s e c o n d s  d u r a t i o n  t o  

minimize  t h e  l o a d  v a r i a t i o n s  t h a t  d e r i v e  from " f l a t - s p o t t i n g , "  

as r e p o r t e d  p r e v i o u s l y  [ I ,  2 1 .  Throughout  t h e  b r a k e  

a p p l i c a t i o n  sequence  an a t t e m p t  i s  made t o  m a i n t a i n  t h e  



The Cs parameter  i s  c h a r a c t e r i s t i c a l l y  in f luenced  by v e r t i c a l  

load because of t h e  i n c r e a s i n g  l eng th  of t h e  t i r e - r o a d  con tac t  

pa tch  wi th  i nc rea sed  l oad .  In  t he  d a t a  p r e sen t ed ,  t h e  load  

range i s  s u f f i c i e n t l y  broad t h a t  t he  Cs versus  F z  r e l a t i o n -  

s h i p  i s  seen  t o  s t i f f e n  markedly a t  t h e  h ighe r  load l e v e l .  

A s  expec ted ,  however, Cs has been found t o  be una f f ec t ed  by 

v a r i a t i o n s  i n  v e l o c i t y  as was i l l u s t r a t e d  i n  t he  normalized 

d a t a  curves  of F igure  1 4 .  

The " p - s l i p "  d a t a  (such as  shown i n  Figure  14) has been 

reduced f u r t h e r  t o  y i e l d  numeric c h a r a c t e r i z a t i o n s  of F,/Fz 

a t  t he  peak of t h e  curve and a t  t h e  100% s l i p  (o r  " s l ide" )  

p o i n t ,  These peak and s l i d e  c h a r a c t e r i z a t i o n s  a r e  u t i l i z e d ,  

i n  l a r g e  measure, t o  i l l u s t r a t e  t he  b a s i c  f i nd ings  of t h e  s tudy .  

Let us examine, f i r s t ,  t h e  v a r i a t i o n  i n  performance 

measured f o r  t he  s i x - t i r e  sample a t  t he  BADC ( a s p h a l t )  

f a c i l i t y ,  Figure  16 summarizes t h e  sample 's  t r a c t i o n  s e n s i -  

t i v i t y  t o  normalized v e r t i c a l  l o a d ,  i .  e .  , F Z / F Z  ( ra ted) .  On 

recogniz ing  t h a t  t h e  t i r e  sample included four  "F"-rated 

t i r e s  (open symbols) and two "Htt - ra ted t i r e s  ( c lo sed  symbols) 

we no t e  t h a t  t he  t r a c t i o n  d a t a  produced by the  t i r e s  having 

a  common load-range r a t i n g  a r e  r a t h e r  t i g h t l y  grouped, 

e s p e c i a l l y  wi th  regard  t o  peak va lues .  I t  i s  s u r p r i s i n g ,  

however, t h a t  the  s i z e  15x22.5/13 wide base  s i n g l e  t i r e  

(code UU15) provides  such a smal l  increment i n  normalized 

t r a c t i o n  when the  load  i s  reduced from t h e  r a t e d  va lue  (8460 

l b s )  t o  0 .4  of  t he  r a t e d  va lue  (3380 l b s )  . This performance 

s u g g e s t s ,  f o r  example, t h a t  t h e  wide base  s i n g l e  i s  l e s s  

s u i t a b l e  f o r  ope ra t i on  a t  lower loads  than  t i r e s  which a r e  

r a t e d  i n  t h e  lower load range.  As shown i n  Figure 1 7 ,  wi th  

v e r t i c a l  load  (non-normalized) p l o t t e d  on t h e  ax i s  of  a b s c i s s a ,  

t he  wide base  t i r e  provides  a  reduced t r a c t i v e  performance 

(compared t o  10.00x20/Fts)  when t h e  va lue  of F Z  i s  below about 

8000 l b s .  Thus t h e  no t ion  t h a t  one can " t i r e - u p "  t o  r e so lve  

s topping  performance d e f i c i e n c i e s  i n  heavy t rucks  may n o t  
be a  u n i v e r s a l  axiom. 





Tire Codes 

0 FTlO 

Normalized Load, z ' ''z(ra+ed) 

Figure 1 6 .  Normalized l o a d  sensitivity in t h e  peak and 
s l i d e  traction of  t h e  s i x -  tire sample (on 
BADC's a s p h a l t ) ,  
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Vertical load, lbs x 103 

Figure  17 .  Load s e n s i t i v i t y  (non-normal ized  a b s c i s s a )  i n  
t h e  peak and s l i d e  t r a c t i o n  o f  t h e  s i x - t i r e  
sample (on BADC a s p h a l t ) .  



F i g u r e  18 i l l u s t r a t e s  t h e  i n f l u e n c e  o f  v e l o c i t y  on 

t h e  n o r m a l i z e d  t r a c t i o n  b e h a v i o r  o f  t h e  s i x - t i r e  sample a s  

measured on t h e  a s p h a l t  t r a c k  a t  t h e  BADC f a c i l i t y .  The 

d a t a  s h o w  a r a t h c r  narrow band w i t h i n  t h e  r e s p e c t i v e  peak 

measurements  and s l i d e  measurements a c r o s s  t h e  t i r e  sample ,  

w i t h  c o n s i s t e n t  g r o s s  t r e n d s  e x h i b i t e d  i n  a l l  c a s e s  e x c e p t ,  

p e r h a p s ,  i n  t h e  c a s e  of  t h e  peak measurements d e s c r i b i n g  t h e  

pe r fo rmance  o f  t h e  Goodyear 11x22.5 /F  ( t u b e l e s s )  t i r e  (code 

GyS11). Data  from t h i s  t i r e  a r e  s e e n  t o  r i s e  from a  v a l u e  of  

0 . 8 5  t o  0 - 9 2  o v e r  t h e  3 -  t o  10-mph v e l o c i t y  i n c r e m e n t  w h i l e  

t h e  same t i r e  i n  a  t u b e - t y p e  v e r s i o n  (10 .00x20/F ,  code GyS10) 

s t a y s  v i r t u a l l y  c o n s t a n t  a t  . 9 3 - . 9 4 .  The d a t a  i n  F i g u r e  1 8  

a g a i n  p l a c e  t h e  H - r a t e d  t i r e s  (codes  FT12 and UU15) a t  t h e  

lower  boundary o f  pe r fo rmance  f o r  t h e s e  e x p e r i m e n t s  i n  which 

each  t i r e  was o p e r a t e d  a t  i t s  r a t e d  l o a d .  

To c h a r a c t e r i z e  t h e  r e p e a t a b i l i t y  o f  t h e  d a t a  p r e s e n t e d  

i n  F i g u r e s  16 t h r o u g h  1 8 ,  t h e  d a t a  o b t a i n e d  i n  t h e  check runs  

a r e  p l o t t e d ,  f o r  each  t i r e ,  i n  F i g u r e  1 9 .  Data  p o i n t s  a r e  

p r e s e n t e d ,  l e f t  t o  r i g h t ,  i n  t h e  o r d e r  i n  which t h e y  were 

g a t h e r e d .  Below e a c h  group of  peak and s l i d e  d a t a  p r e s e n t e d  

i n  F i g u r e  19 f o r  each  t i r e ,  t h e  s t a n d a r d  d e v i a t i o n  of  t h e  

measures  i s  p r i n t e d .  I n  g e n e r a l ,  t h e  i n d i c a t e d  r e p e a t a b i l i t i e s  

a r e  o f  c o n : s i d e r a b l y  h i g h e r  q u a l i t y  t h a n  i s  o b s e r v e d ,  s a y ,  i n  

peak readi :ngs  g a t h e r e d  u s i n g  ASTM s k i d  t r a i l e r s .  I n  a d d i t i o n  

t o  t h e  o b s e r v e d  r e p e a t a b i l i t y ,  i t  i s  g r a t i f y i n g  t o  o b s e r v e  

t h a t  t h e  t e s t  p r o c e s s  i s  c a u s i n g  no monotonic  t r e n d  i n  peak/  

s l i d e  c i ~ a r a c t e r i s t i c s  a s  a f u n c t i o n  o f  work h i s t o r y .  Thus we 

c o n c l u d e  t h a t  each  t i r e  sample  was b e h a v i n g  i n  a  s t a b l e  

f a s h i o n  t h r o u g h o u t  t h e  sequence  o f  t e s t  r u n s .  

These  r e s u l t s ,  a s  o b t a i n e d  by t e s t i n g  a  s e l e c t e d  sample 

o f  t i r e s  on t h e  a s p h a l t  s u r f a c e  a t  t h e  BADC f a c i l i t y  

g e n e r a l l y  c o n f i r m  t h e  measurements r e p o r t e d  e a r l i e r ,  e x c e p t  

i n s o f a r  a s  a b s o l u t e  v a l u e s  o f  t r a c t i o n  a r e  c o n c e r n e d .  A l s o ,  
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T i r e  Codes 

0 FTlO 
6 

0 GySlO 

Velocity, MPH 

Figure  18.  Veloc i ty  s e n s i t i v i t y  o f  t h e  peak and s l i d e  
t r a c t i o n  va lues  f o r  t he  s i x . - t i r e  sample 
(on BADC a s p h a l t ) .  



T i r e  Code 

r Tes t  Runs 

F igure  1 9 .  Peak and s l i d e  t r a c t i o n  measures d e r i v i n g  from 
r e p e a t  runs of each of t he  s i x  t i r e s  t e s t e d  on 
t h e  a s p h a l t  t r a c k  a t  BADC. 
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TABLE 3.1. FLAT-BED TEST TIRES 

Tire No. Manufacturer 

Heavy Truck 
T i n s  

H- 1 Uni royal 
H-2 Unf royal 

H-4 B.F. .Goodrich 

H- 5 B.F. Goodrich 

H-6 Goody ea r 
H-7 Goodyear 

H-8 F f res tone 
H-9 Uni royal 
H-10 Michel in 

H-1 1 Unf royal 

Heavy Bus 
T i  res 

H-12 Fires tone 
H-13 B.F. Goodrich 
H-14 B.F. Goodrich 
H-15 Uniroyal 
H-16 Uni royal 
H-17 Goodyear 
H-18 niche1 in 

H-20 Mi chel in 

Light  Truck 
Tires 

L-1 
L-2 
L-3 
L-4 
L-5 
L-6 
L-7 
L-8 
L-9 
L-10 
L-11 
L-12 
Lo13 
L-14 

Fl res tone 
Gwdyear 
Goodyear 
Fi res tone 

Goodyear 
F l  res tone 
Goodyear 
Goodrich 
Goodyear 
Goodyea r 
Fires tone 
Good year 
Michelin 
Wards 

L-15 Michelin 

,' . L-16 General 
Lo17 General 
L-18 Goodyea r 
Lo19 ~oodyea r 

L-20 Goodycar 

Triple Tread 
Triple Tread 

Mllesaver Radial 
Steel H.D.R. 
Milesaver Radial 
Steel H.O.B. 
Unisteel R-1 
Unisteel L-1 
Pcuer Ori ve 
Unimas t e r  Rib 
Radial 

Fleetmaster 
P Superlug 

Hiway Mileage 
Intercity Mi 1 eage 
Intercity Mi 1 eage 
Intercity 
MaxRoute I 
Custom Cruiser 
Radial XU 

Size - 

Radial XZA 12 R 22+5H 

Transport 500 
Custom HiMiler 

Rib' HiMiler 
Transport 110 
Super Single HiMi l e r  
Town & Country Truck 
Custom Flexs tee1 
Milesaver Radial 
Glas Guard XG 

Glas Guard XG 

Town 6 Country Truck 
Custom Fl exs tee1 
Radial XCA 

Steel Belted 
Super Wide 
Radial XCA 
Jumbo Power Jet  
Jumbo Power J e t  
Glas Guard 
GI as Guard 

Rlb YiMiler 
* r 
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F igure  3.12 The e f f e c t s  o f  i n f l a t i o n  pressure on co rne r ing  s t i f f n e s s :  
heavy bus t i r e s  (cont.  ) . 
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bus t i  r e s 6 u p e r i m p o s e d  w i t h i n  the  envelope o f  da ta  taken 
on e i g h t  t r u c k  and bus t i r e s  a t  20 mph ( f o r  code 
i d e n t i f i c a t i o n s ,  see Table 3-1 ) .  s1 
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Figure 3.19. "Peak and s l i d e "  values o f  Fx/Fz vs. load f o r  ind iv idua l  
bus tires--superimposed w i t h i n  the  envelope o f  data taken 
on e i g h t  t ruck and bus t i r e s  a t  40 mph ( f o r  code 
i d e n t i f i c a t i o n s ,  see Table 3-1) .  
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i d e n t i f i c a t i o n s ,  see Table 3-1) .  



V e r t i c a l  Load, Fz, l b s .  

F igure 4.19, Load s e n s i t i v i t y  o f  t h e  corner ing s t i f f n e s s  parameter 
f o r  the-  thrb t i r e s  employed i n  i n t e r c i t y  bus 
s i m u l a t i  ons. 





n 
a 
n 
C 

n - 
5 
(Y 

II - 
CI 
n 
I 

0 
a 

8 
n 

6 
I 

Ln 
in 
.I 

0 - 
O 
n 

.p 
I 

C 
m 
8 

9 . 
VI 
Ln 

6 
a 
n 
=I 
4 

a . 
5 
a 

0 
I 

m 
N 
I 

Q 
0 

LC, 
N 
s 

0 

I 
n 
I 

8 * 
6 
B 
6 
N 

s * 
8 
8 
LI 

0 
I 
-. 
In 
I 

0 
I 

N 
a 

;n . 
(0 
UI - 
I 

Q 
I 

VI 
CI 
c. 

a 
6 
c. 
N 
s 

4 
I 

w 
9 
N 

Q 
I 

8 
0 
-. 
I 

8 
a 
c. 
V, 
r) 

m . * 
0 
D 

I- 
I 

0 
r. 

Q 
I ... - 
I 

8 
I 

6 
m 
LP 
3 

8 
I 

LC, * 



20 mph 
-- 

40 mph t 

-+- 

Sumnary - M i  chel i n  Radial XZA - 11 R 22.5H 

& 475 





x e r  







u. 2e 

4k V. 25 

Pa 0.3v 

CY It. 35 

l?. b 5  

e.7.- 

kt. 75 

3. h!! 

e . 85 

**  A-D F I L E  176 

AVERAGE O F  F I L E  17h F O R  6 Q E C O R O S .  

M I ~ X  rnraouf 

C". C @  M. 9 

2.12 111779.4 

3. 26 3 S S h 5 .  $1 

c'. UP 53~151.2 

0.  52  b9Z9h. 1 

R, h(S 81335.1 

Br 66 89875.5 

Po71 95RFC1,n 

9 * 7 u  1 Ailt123.6 

e. 75  1a3919.2 

V, 7 b  1 v"'6544.1 

P. 78 112n19.0 

m.78 11 7WbC.r-2 

P o  78 1i??lbbV.7 

CP. 7 1  12543Q.7 

*. 7 6  127R22.O 

" .  7 5  lZB17'1.3 

@. 711 12ht'Tli.b 

n, 72 121393.4 

P, 7c' I l b 5 2 2 . 9  

!*. hR 1 2 1 b h 3 . 2  

lA.46 1 -:I JI\T>+ 

:'. h 3  93h:"~,CI 

7.61 f l7P57.9  

".$:' " 1  1 :  2 . Y  

,. * 0 
- 3 '  

- , - . . .  . , > r ,  ,-. I 

,T.c,h 7 11 3 4 5 ,  n 

P I L E  91, TEST SAWLE19R ** 
'. 

H I C W E L I N  x /I,RR-~Z.S/H , (DANA)  

























S s . 
X I -  * L 

C 

- 21 .b 0 
, E -  
L . .  

6 (C 







C..... 

I 











30 40 50 60 

VERTICAL LOAD, & 
Fig 3: Load remitivity in the peak and slide traction of a siptire sample on 

dry asphalt All tsts run at 64 kmlh. 

10.00 xX)/F 
( 3 d i f f m n t  
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I I I I I I 12.00x20/H 
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k Velocity sensitivity of the peak and dido traction valua for a six. 
tin rrmple on dry asphalt All t i ra opentad at their respective 
T & RA rated lor& 

VELOCITY, KM/H 

Fio 5: The differing influence of pavement surface on the vdocity 
sensitivitia of two tires. 

I , 
5 

J 
10 15 20 25 

SLIP ANGLE, DEGREES 

Fig. 6: Typial load sensitivitia in the side force response of a sample of 
10.00 x 20 t ira tested at 32 km/h on a dry concnte surface. 
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Tire: Highway Tread 11 -22 .51~  R i m :  22 .5~8 .25  

LATERPL FCRCP vs .  SLIP PXSLE AND VEXTICAL LOAD 

Ver t i ca l  I n f l a t i o n  La te ra l  Force a t  Indicated S l i p  Angle (degs .) 
Load Pressure 

(1bs.1 ( p s i )  1 2 4 8 12 16 ------ 
lsOo 85 197 427 752 1250 1547 1605 

3600 85 395 748 1352 2302 2876 3086 

ALIGNING TORQUE vs. SLIP ANGLE AND VERTICAL LOAD 

Vertl.ca1 I n f l a t i o n  Aligning Torque a t  Indicated S l i p  Angle (degs.) 
Load ' Pressure 

( lbsi . ) -- ( p s i )  1 2 4 8 12 16 ------ 
1830 85 18 36 48 45 27 10 

CIRCUMFERENTIAL STDFNESS vs. SLIP ANGLE AND NORMAL MAD 

Ver t i ca l  I n f l a t i o n  V e r t i c a l  
Loind Pressure Cs Spring Rate 

f lbls, ( p s i )  ( l b s . )  ( lbs . / in . )  









loads. the tire behaves (laterally) like a softening spring. The 
lateral sprillg rate is the slope through the origin of the lateral 
load-deflection curve. 

iRACTlON STIFFNESS (C,. Ct. Cs) - The following three 

properties are defined to characterize the mechanical behavior 
of a rolling tlre operated at very small slip and camber angles 
and for very light application of braking or driving power. 

Cornering Stiffness 

Camber Stiffness 

Circumferential Stiffness 

where: 

cr = slip angle 
y = camber angle 
s = circumferential slip parameter 

( = I locked wheel 
= 0 free rolling (light braking: s < 0.05) 
< 0 driv~ng 

F, = longitudinal traction force (depends primarily on s)  

Fy = lateral traction force (depends on both a and y) 

Graphically, the traction stiffness is the slope taken through 
the origin of the traction force (F, or F ) versus a particular Y 
operating variable (a ,  y, or s) curve. These stiffnesses measure 
the initial rise of traction force and have no direct relation to 
peak values. However, a tire with higher traction stiffness will 
usually develop higher peak traction force. The usefulness of  
these definitions depends on linear behavior for small values of 
the operating variables. Examination of the following truck 
tire data will show this linearity t o  be a reasonable assump- 
tion. 

GENERAL BEHAVIOR 

Figs. 2A-2C describe three truck tires chosen t o  exhibit a 
broad range of traction stiffness properties*. The mechanical 
properties listed below each tire were measured at rated load 
and pressure. The carpet plots of lateral force versus slip angle 
and vertical load show the variation in lateral force obtained 
and indicate how the cornering stiffness, Ca, is related to slip 

angle and load. Although Ca measures only the initial rise of 

lateral force with slip angle for a particular tire load, the rise is 
similar at other tire loads. It appears that a tire showing 
higher cornering stiffness will develop more lateral force than 
a lower stiffness tire operated at  the same slip angle and 
vertical load. 

TIRE LOAD 

The operating variable having the greatest influence on 
traction stiffness is tire load. The influence of tire load derive's 
from the extreme deformation which a tire undergoes in the 
contact region. Specifically, the meridian and circumference 
profiles, intersecting at the center of contact, are substantially 
altered in dimension and curvature as tire load is increased. 
The camber, cornering, and circumferential stiffnesses, being 
indirectly influenced by lateral and longitudinal tire stiffness, 
are consequently dependent on structural geometry, and are 
seen t o  increase with test load for the tires diagrammed in 
Figs. 3A-3D. 

Particularly affected by sidewall deformation is the lateral 
spring rate, K Fig. 3D illustrates the variation of Ky with Y' 
tire load for the three tires shown in Figs. 2A-2C. Increasing 
load on  the tire from far below the design value results mainly 
in an increased contact length with some change in the 
meridian profile. The increased contact length causes an in- 
crease in lateral stiffness. At higher loads, the changes in tire 

Fig. 1 -Vertical load versus change in low-speed rolling height of tires 
shown in Fig. 2A-2C 

*The tires are representative of the 14 different truck tire 
sizes tested for this program. 



85 P S I  
Z e r o  Camber 

Load 6140 l b .  

s l i n  

80 P S I  
Z e r o  Camb 
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Z e r o  Camber 

Load 6140 l b .  

S l i n  

Load 8640 l b .  
C S  85 ,000  l b / u n i t  s l i  

Fig . 2 - Me:nsured mechanical properties of three different tires. A-1 1.00-22/G; B-12.00-20/G: C-15-2 



piofile become very pronounced, especially in the sidewall 
area, and cause a reduction in spring rate. It should be noted 
'hat the maximum value of lateral spring rate occurs near the 
.esign load for each tire tested. 
The vertical load-deflection data are remarkably linear for a 

broad range of tire loads (Fig. 1). Fig. 1 suggests that it is 
reasonable to  consider the tire as a linear vertical spring with 
spring rate, KZ, defined, as the average slope o f  the load- 

deflection plot. 

INFLATION PRESSURE 

Increasing inflation pressure reverses the deformation caused 
by vertical load. Although a decrease in contact length ac- 
companies an increase in inflation pressure, the dominant 
effects of increased pressure are reduced curvature in the side- 
wall and a generally stiffened carcass structure. The net result 
is a lateral spring rate that increases with inflation pressure, as 
is demonstrated by Fig. 4; these data being obtained on the 
three tires shown in Figs. 2A-2C. As may be expected, the 
effect of increasing the pressure is more pronounced at the 

12.00-20/G 
(80 psi) 

11.00- 22/G 
(90 PSI) 

20 
Tire Lord (Ib) 

I I 1 I I 

- 11.00-22/G 
(90 psi) 

Tire Load (lb) 
200 1 1 I I I 

B 4000 6000 8000 10000 

higher loads which cause large distortions in the meridian 
profile. 

The cornering stiffness, C,, exhibits similar pressure sen- 

sitivity at higher vertical loads. Fig. 5 compares the lateral 
force versus slip angle and vertical load exhibited by a 
10.00-20/G tire (Fig. 6B) at rated inflation pressure (100 
psi) and at  50 psi. As can be anticipated from lateral spring 
rate behavior measured for these three different tires (Fig. 
4), cornering stiffness increases with inflation pressure at 
higher loads. 

The apparent similarity between K and C, is due to  the 
Y 

definition of K as the lateral stiffness of a standing tire mea- 
Y 

sured at, effectively, a 0 deg slip angle while Ca is defined to 

measure the stiffness of the rolling tire in generating lateral 
force at very small slip angles. However, the contact region 
deformation associated with tire traction is considerably more 
complicated than the deformation associated with the mea- 
surement of . As n o  rational basis exists for the correlatior~ , KY 
of these values, they are treated as independent mechanical 
properties. 

Ib/unlt sllp 15-22.5/H 
(90 P S d  

12.00-ZO/G 
(80 psi) 

11.00-22/G 
(90 psi) 

I Tire Load (Ib) - c 2,doo 4,doo a.doo 8,doo io.~oo 

11.00-22/C 
(90 psi) 

12.00-!O/C 
(SO psi) 

1200 I , Tire Load (lb) 
I I I I 

2000 4000 boo0 8000 10000 

0 @ Design Load 

Fig. 3 - Variation of mechanical properties with tire load for tires shown in Figs. 2A-2C. A-camber stiffness versus tire load; B-cornering stiffnes,s 
versus tire load; Ceircurnferential stiffness versus tire load; Plateral spring rate versus tire load 



PLY RATING AND TIRE SIZE 

The ply rating designates the load range for which a particu- 
size tire is designed. Load limits for various sizes at specific 

.nflation pressures up to the design pressure are tabulated 
according to empirical formulae. The ply rating is a measure 
of the strength of the tire carcass and does not.necessarily 
indicate the actual number of plies. 

The tire pairs listed in Table 1 were tested on design width 
precision rims at the indicated pressures and loads which are 

+I 
8 0 9 0 1 0  0  

p s i  

near the design values specified for these tires used as s~~igles 
and duals. The higher rated tire of each pair is generally used 
as a dual. The 20 in tires that were tested all have the tread 
pattern shown in Fig. 6B. The tread pattern of the 11.00-22 
tires (Fig. 2A) is similar. Table 2 lists the measured mechani- 
cal properties and illustrates the differences which may be 
found in tires which are similar in all respects, except for ply 
rating. 

The differences seen in Table 2 are slight and possibly in- 
fluenced by tire nonuniformity and/or measurement precision. 
There is remarkably little change in the properties of the 
11.00-22 tires, the largest set tested for differences due to ply 
rating. The slight increase in test pressure (see Table 1)  may 
be responsible for the increases in vertical spring rate. It is of 
interest to note that the vertical spring rate measured for the 
10.00-20 tire with the G rating was less than that obtained for 
the F load rating. However, the lateral force generating ability 
did increase with increased load rating as evidenced by the 

Fig. - Lateral rate B: versus inflation pressure for tires shown Fig. 5 - Lateral force versus angle load on 10.0&20/G Y 
in Figs. 2A-2C tire at rated pressure (100 psi) and at 50  psi 

( a )  R i b - t y p e  I ( b )  R i b - t y p e  I 1  ( c )  Ooen Tread  

46000 42000 28000 

508 .2  5 2 3 . 4  5 1 6 . 0  

56.7  69 . O  3 9 . 9  

1477 1618 1291 

5032 4700 4500 

I b / u n i t  s l i o  

l b / d e o  

l b / d e o  

l b / i n  Fig. 6 - Measured mechanicil properties of 
10.00-2011: nylon tire in three tread pactcrns. A- 

l b / i n  rib-type 1; B-rib-type 11; C-open tread 
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'VERTICAL LOAD, & 
, 3: Loxl sansitivity in the paak and slide traction of a aix.tin sample on 

dry asphalt All  test^ run at 84 kmlh. 

, , r  - 355 - 
- 0 IO,OOx20/F tires 

(2 manufactures) 1 

- -  -- 
VELOCITY, KM/H 

Fig. 5: Tha diering influamr of pavamant surf= on tha vdocity 
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Tire: Highway Tread 1 2 - 2 0 / ~  R i m :  20~8.50 

LATERAL FORCE vs. SLIP ANGLE AND VERTICAL MAD 

Vertical  In f l a t ion  Lateral  Force a t  Indicated S l i p  Angle f degs. ) 
Load Pressure 

( ~ b s . )  ( p s i )  ------ 1 2 4 8 12 16 

I '2100 80 391 741 1245 1746 2047 2189 

ALIGNING MRQUE vs. SLIP ANGLE AND VERTICAL M A D  

Vertical  Inf'lat ion Aligning Torque a t  Indicated S l i p  Angle (degs .) 
Load Pressure 

( l b . 1  ( p s i )  1 2 4 8 rz 16 . - - - - - -  

2100 80 48 82 104 76 42 16 

CIRCUMFERENTIAL STIFFNESS vs. SLIP ANGLE AM) NORMAL MAD 

Vertical  I n f l a t  ion  Vertical  
Load Pressure Cs Spring Rate 
(1bs.I ( p s i )  ( lbs . )  ( l b s  ./in. 

2100 '&I  23,000 



TABLE 3.1. FLAT-BED TEST TIRES 

Tire No. 
Heavy Truck 

T i n s  

Heavy Bus 
Tf res 
H-12 
H-13 
H-14 
H-15 

. . H-16 
H-17 
H-18 
H-19 
H-20 

Light Truck 
. - Tires 

L-1 
L-2 
L-3 
L-4 
L-5 
L-6 
L-7 
L-8 
L-9 
L-10 
L-11 
L-12 
L-13 
L-14 

Manufacturer 

Unf royal 
Unl royal 
Unimyal 
B.F. . Goodrich 

B.F. Goodrich 

Goodyea r 
Goodyear 
Ff res tone 
Unf royal 
Hichel in 
Uni royal 

Fires tone 
B.F. Goodrich 
B.F. Goodrich 
Uniroyal 
Uni royal 
Goodyear 
Hichelin 
H i  chel in 
Michel in 

Fires tone 
Goodyear 
Goodyear 
Fi res tone 
Goodyear 
Fi res tone 
Goodyea r 
Goodri ch 
Goodyear 
Goodyear 
Fires tone 
Goodyear 
Michel f n  
Wards 

Hichel i n  
General 
General 
Goodyear 
Goodyear 

Triple Tread 
Triple Tread 
Triple Tread 
Hilesaver Radial 
Steel H.D.R. 
Mllesaver Radial 
Steel H.D.B. 

Unisteel R-1 
Unisteel L-1 
Pcue F Drive 
Unimas ter Rib 
Radial 
Fleetmaster 

c Superlug 

Hiway Mileage 
Interci ty  Mileage 
Interci ty  Hi leage 
Intercf ty 

MaxRoute I 
Custom Cruiser 
Radial XZA 
Radial XZA 

Radial XZA 

Transport 500 
CUS tom HiMi  1 e r  

Rib' HiMiler 
Transport 11 0 
Super Single HiMi l e r  
Town b Country Truck 
Custom Flexsteel 
Hilesaver Radial 
Glas Guard XG 

Glas Guard XG 

Town 6 Country Truck 
Custom Flexsteel 
Radial XCA 

Steel Beltcd . 
Super Wide 
Radial XCA 

Jumbo Parer Jet 
Jumbo Pouer J e t  
Glas Guard 
Glas Guard 

Rib HIMfler 
*. 

S i z e  - 





4. 6 { ' T - i r r r \  

u .. 
0 
F 

Vertical Load 

Inflation Pressure, psi 

\/!* 2 . . 
I ' i 

m 
aJ 

* - 
. ; I ,  ' + i L  

n 
P 

Vertical Load 

Inflation Pressure, psi 

Tire H-19 

Vertical Load 
06000 1 b 

4000 I b 

Inflation Pressure, psi 

Fiigure 3.12 The effects of inflation pressure on cornering stiffness: 
heavy bus t i r es  (cont.). 



The data presented in these figures are remarkable in t h a t  

they indicate t h a t  i nf1 a t ion  pressure may have a profound effect, 
quantitatively and qualitatively, on the C behavior of these 

a 
heavy tires. The 'heavy truck tires (H-l through H-11 ) show an 
increase i n  C with ,inflation pressure when the t i r e  is  operated 

u 
a t  the higher load (except for H-9, the wide base t i re ) ;  A t  the 
lower load, behavior i s  mixed: Ca may rise, f a l l ,  or remain quite 
constant with inflation pressure. For the bus t ires (H-12 through 
H-20) behavior i s  mixed a t  bo th  loads. Despite this mix in behavior, 
i t  i s  universally true in this sample of heavy tires t h a t  a t  the 
higher inflation pressure, C is  higher a t  the higher load.  However, 

a 
a t  reduced inflation pressure, the increase of Ca with load tends . 
t o  reduce sharply, and, in many cases, a t  lower inflation pressure, 
Ca may actually fall  w i t h  increasing load. 

Figure 3.13 is a similar p l o t  for the two light truck tires 
tested a t  reduced inflation pressures. A t  all  b u t  one point, C i s  

a , 
seen t o  increase with decreasing inflation pressure, For t i re  L-1 , - 
the load sensitivity of C is rather independent of inflation 

a 
pressure, b u t  for 1-2, this sensitivity decreases w i t h  inflation 
pressure. 

The broad significance of the inflation sensitivity measure- 
ment!; is  that l i g h t  and heavy tires follow no simple rule i n  their 
cornering stiffness response t o  inflation pressure. In marked 
contrast t o  the case of passenger car t i res ,  one must be cautious 
'in applying "rules of thumb" relating cornering stiffness dependence 
upon inflation t o  the achievement of desirable vehicle understeer 
qualii ty. 

3.2 Mobile Tire Test Findings 

3.2.1 Longitudinal Traction - Mobile Measurements. Dry 
pavement measurements of longitudinal traction performance were 
conducted on a sample of eight heavy truck tires. These data 
indicate traction propecties which confirm and complement those 
reported earlier 18, '93. -The da ta  were reduced t o  so-called 
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10.0 
Alpha (deg 1 5 * ?  

Figure 3 . 2 4 .  Lateral  fo r ce  measurements of heavy truck and bus 
t i r e s  a t  20 mph and 0.5 x ra ted  load. 



Alpha (deg)  

Figure 3.25.  Latera l  f o r c e  measurements of heavy t ruck  and bus 
t i r e s  a t  20 mph, 1.5  x r a t e d  load.  



m..w....w. H-4 - Envelope 

10 : 15 
Alpha (degs) 

Figure 3.27.  Envelope and s p e c i f i c  examples o f  (Fy/FZ vs, a )  measure- 
ments taken f o r  8 heavy truck and bus t i r e s  a t  1 . 0  FZR 
and 20 mph. 



- H-12 
---a H-20 ,/ 

.......-. H-8 

.... ......*.I H-4 
Envelope 

5 10 15 20 2 5 
Alpha (degs) 

F igure 3.28. Envelope and s p e c i f i c  examples o f  (Fy/Fr vs .  CY) measure- 
ments taken f o r  8 heavy t r u c k  and bus t i r e s  a t  1.0 FZR 
and 40 mph. 



Figure 3.29. Envelope and s p e c i f i c  examples o f  (Fy/Fz vs.  a measure- 
ments taken fo r  8 heavy t r u c k  and bus t i r e s  a t  1.0 FZR 
and 55  mph. 
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Tire:  Hi~hwsyTreadl.2-22.5b R i m :  2 2 . 5 ~ 8 . 5 0  

LATERAL FORCE vs SLIP ANGLE AM) VERTICAL LOAD 

Vertical  Inf la t ion Lateral  Force a t  Indicated S l ip  Anqle (degs, 1 
Load Pressure 

( I ~ s . )  ( p s i )  1 2 4 8 12 16 
- - - , - - -  

2 000 8 5 3 581 1001 1472 1758 1796 

ALIGNING TORQUE vs SLIP ANGLE AND VERTICAL LOAD 

Vertical  Inf la t ion Aligning Torque a t  Indicated S l ip  Angle (degs. ) 
Load Fressure 

( I ~ s . )  ( p s i )  1 2 4 8 12 16 - - - - - -  
2000 85 35 55 67 40 14  - 1 

CIRCUMFERENTIAL STIFFNESS vs SLIP ANGLE AND NORMAL LOAD 

Vertical  In f l a t ion  Vertical  
Load k e s s u r e  C s Spring Rate 

( l b s . )  - ( p s i )  ( lbs  . ) ( lbs . / in .  ) 

2000 85 20,000 





1 
LATERAL FORCE (LB.) AT INDICATED INFLATION PRESSURE (PSI), LOAD (LB), AND STEER ANGLE (DEG) 

1 

PSI LOAD 0 + 1 - 1 + 2 - 2 . +4 - 4 + 8 - 8 
1 

+12 - 12  +16 - 16 

100.0 2000.0 -12.6 -312 .1  284.0 -572 .7  531.8 -988 .6  941, -.1592.3 1454. -1793 1711 -1850 -1798 

~ L I G N I N G  MOMENT (FT- LB) AT INDICATED INFLATION PRESSURE (PSI), LOAD (LB) , AND STEER ANGLE (DEG) 

PSI 

100.0 

100.0 

100.0 

100.0 

75.0 

75.0 

50.0 

50.0 

LOAD 

2000.0 

4000.0 

6000.0 . 

8000.0 

4000.0 

6000.0 

4000.0 

6000.0 



MI CHEL IN XZA 12.00R22.5/H 
VEL 40 FiPH 





Q; 
8 "- HSRI RCBILE DYNWI4fTER , 

N 16- JAN-76 

h a 
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(Y - RUN = 1 - RUN * 2 - RUN = 3 - RUN = 4 
8 - RUN = 5 
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d S  
8.08 5. QQ 10.08 15.00 20.00 

ALPHR CDEGREESI 

NICHELIN XZfl 12.00R22.5/H 
FZ = 6829 LB VEL = 40 MPH 



Tire No. Manufacturer 
Hcavy T ~ c k  

Tj r t s  

H- 1 Unt royal 
H- 2 Uni my81 
H-3 Uniruyal 
ti-4 B.F. .Goodrich 

H-5 B.F. Goodrich 

H-6 Goodyear 
H-7 Goodyear 
H-8 Fires tone 
H-9 Unt royal 
H-10 Hichel irl 
H-11 Un i royal 

Heavy Bus 
Ti rts 
H-12 
H-13 
H-14 
H-15 
H-16 
H-17 
H-18 
H-19 
H-20 

Fires tone 
B.F. Goodrich 
6. F. Goodri ch 
Uni royal 
Uni royal 
Goodyear 
H i  chel i n 
Hi chel in 
flichelin 

t i gh t  Truck 
Tires 

1-1 Fires tone 
1-2 Goodyear 
L-3 Goodyear 
1-4 Ff res tone 

Goodyear 
Ff res tone 
Goodyear 
Goodrich ' 

Goodyear 
Goodyear 
F I  res  tone 
Good year 
Hichelin 
Uards 

Hichel i n  
General 
General 
Goodyca r 
Goodyear 

Goodycar 

Triple Tread 
Triple Tread 
Triple Tread 
Hilesaver Radial 
Steel H.D.R. 
flllesaver Radial 
Steel H.D.B. 
Unisteel R-1 
Unisteel 1-1 
Power Drive 
Unimaster Rib 
Radial 
Fleetmaster 

r Superlug 

Hiway tlifeage 
Interci ty  Mileage 
In te rc i ty  Mileage 
Intercf ty 

HaxRoute I 
Custom Cruiser 
Radial X f A  
Radial XU 

Radial XZA 

Size - 

Transport 500 8.00 x 16.5D 
Custom HiHf 1 e r  8.75 x 16.5E 
Rib' HiHiler 8.00 x 16.5D 
Transport 110 7.50 x 16.5C 
Super Single HiMi l e r  10.00 x 16.51: 
Town & Guntry  Truck 8.00 x 16.511 
tus tom Rexs tee1 8.00 R 16.5E: 
Hilesaver Radial 8.00 R 16.50 
Glas Guard XG 8.00 x 16.51) 
61as Guard XG 8.75 x 16.5K 
Town 8 Country Truck 8.75 x 16.51: 
tustw Flexsteel 8.75 R 1 6 3  
Radial X f A  8.00 R 16.5E 
Steel Beltcd . 9.50 x 16.51) 
super Wide 
Radial XCA 8.75 R 16.51) 
Jumbo Power Jet 8.00 x 16.51) 
Jumbo Power J e t  8.75 x 16.51: 
Gl a s  Guard 8.00 x 16.51) 
Gl as Guard , 8.75 x 16.51: 

Rlb Y iMI  ler 
s. 

8.75 x 16.5E 





7 i T i r e  H-13 

Ver t i ca l  Load 

06000 1b 

V e r t i c a l  Load - 
0 6000 1 b 

e4000 1  b 

5 b  7b 1  bo 
I n f l a t i o n  Pressure, p s i  

-- *--- - 

50 7 5 100 
I n f l a t i o n  Pressure, p s i  

T i r e  H-15 

9 

- T i r e H - 1 4  

V e r t i c a l  Load - 
0 6000 1  b 

Ve r t i ca l  Load 

0 6000 l b  

J 
1 I I 

50 7 5 100 
I n f l a t i o n  Pressure, p s i  I n f l a t i o n  Pressure, p s i  

I 
4 

V e r t i  cal Load 

T i r e  H-16 

V e r t i c a l .  .- Load 

06000 1 b 

e4000 1  b 

3 c  
50 7 5 100 

I n f l a t i o n  Pressure, p s i  

sure on corner ing  s t i f f n e s s :  

5.0 j 5 i oo  
I n f l a t i o n  Pressure, p s i  

Figure! 3.11 The e f f e c t s  of i n f l a t  
heavy bus t i r e s .  

i o n  pres 
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FIRESTONE COMMERCIAL MILEflGE 12.5X22.5/G 
VEL = 21 MPH 
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FIRESTONE COMMERCIRL MILERGE 12.5X22.5lG 
FZ = 6804 LB 

HSRI NOBILE DYNRMOMETER .. 
03 - NOV - 75 - 

. - 

- VEL = 21 MPH 
---a VEL = 41 NPH - VEL = 56 MPH 

I I I I 



FIRESTONE COMMERCIAL M I  LEflGE 12.5X22.51G 
FZ = 6812 LB VEL = 41  MPH 
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i Tire:  Highway Tread 12.5-22.5/~ R i m :  22.5x8.25 
I ,. I 

LATERAL FORCE vs SLIP ANGLE AND VERTICAL LOAD 

Vertical  In f la t ion  Latera l  Force a t  Indicated S l ip  Angle (degs. ) 
Load Fressure 

( ~ b s . )  ( p s i )  1 2 4 8 12 16 ------ 
1960 90 . 284 540 956 1344 1623 1770 

ALIGNING TORQUE vs SLIP ANmE AND VERTICAL LOAD 

Vertical  In f la t ion  Aligning Torque a t  Indicated S l ip  Angle (degs. ) 
Load Pressure 

( lbs . )  ( p s i )  1 2 4 8 12 16 ------ 
1960 90 3 1  54 77 58 34 U 

CIRCUMFERENTIAL STIFFNESS vs SLIP ANGLE AND N O R '  LOAD 

Vertical In f la t ion  Vertical  
I Load Pressure c, Spring Rate 





loads, the tire behaves (laterally) like a softening spring. The 
lateral spring rate is the slope through the origin of the lateral 
bad-deflection curve. 

:RACTION STIFFNESS (C,. C t ,  C,) - The following three 

properties are defined to characterize the mechanical behavior 
of a rolling tire operated at very small slip and camber angles 
and for very light application of braking or driving power. 

Cornering Stiffness 

Camber Stiffness 

Circumferential Stiffness 

where: 

a = slip angle 
y = camber angle 
s = circumferential slip parameter 

- 

1 = 1 locked wheel 
s = 0 free rolling (light braking: s < 0.05 

< 0 driving 
F, = longitudinal traction force (depends primarily on s )  I 

Fy = lateral traction force (depends on both, and y)  

Graphically, the traction stiffness is the slope taken through 
the origin of the traction force (Fx or F ) versus a particular 

Y 
operating variable (a, y, or s) curve. These stiffnesses measure 
the initial rise of traction force and have no direct relation to  
peak values. However, a tire with higher traction stiffness will 
usually develop higher peak traction force. The usefulness of 
these definitions depends on linear behavior for small values of 
the operating variables. Examination of the following truck 
tire data will show this linearity to  be a reasonable assump- I 

tion. 

GENERAL BEHAVIOR 

Figs. 2A-2C describe three truck tires chosen to exhibit a 
broad range of traction stiffness properties*. The mechanical 
properties listed below each tire were measured at rated load 
and pressure. The carpet plots of lateral force versus slip angle 
and vertical load show the variation in lateral force obtained 
and indicate how the cornering stiffness, C,, is related to  slip 

angle and load. Although C, measures only the initial rise of 

lateral force with slip angle for a particular tire load, the rise is 
similar at other tire loads. It appears that a tire showing 
higher cornering stiffness will develop more lateral force than 
a lower stiffness tire operated at  the same slip angle and 
vertical load. 

TIRE LOAD 

The operating variable having the greatest influence on 
traction stiffness is tire load. The influence of tire load derive!; 
from the extreme deformation which a tire undergoes in the 
contact region. Specifically, the meridian and circumference 
profiles, intersecting at the center of contact, are substantially 
altered in dimension and curvature as tire load is increased. 
The camber, cornering, and circumferential stiffnesses, being 
indirectly influenced by lateral and longitudinal tire stiffness, 
are consequently depe~ldent on structural geometry , and are 
seen to increase with test load for the tires diagrammed in 
Figs. 3A-3D. 

Particularly affected by sidewall deformation is the lateral 
spring rate, K,,. Fig. 3D illustrates the variation of Ky with 

tire load for the three tires shown in Figs. 2A-2C. Increasing 
load on the tire from far below the design value results mainly 
in an increased contact length with some change in the 
meridian profile. The increased contact length causes an in- 
crease in lateral stiffness. At higher loads, the changes in tire 

Fig. 1 -Vertical load versus change in lowspeed rolling height of tires 
shown in Figs. 2A-2C 

*The tires are representative of the 14 different truck tire 
sizes tested for this program. 



85 P S I  
Z e r o  Camber 

Load 6 1 4 0  l b .  

C, 5 1 , 0 0 0  l b / u n i t  s l i n  

C a  5 3 6 . 9  l b l d e u  

Cy 6 2 . 8  l b / d e , o  

K~ 
1 9 1 0  l b l i n  

K Z  5 8 5 0  l b l l n  

8 0  P S I  
Z e r o  Camber 

Load 6 1 4 0  l b .  

C, 6 0 , 0 0 0  l b / u n i t  S l i n  

9 0  P S I  
Z e r o  Camber 

. 2 - Meaisured mechanical properties of three different tires. A-1 1.00-22/G 

C a  7 0 0 . 8  l b / d e o  

C y  1 0 1 . 6  l b / d e u  

K 1 9 0 0  l b l i n  
Y 

- .- 
a d  8 6 4 0  l b .  

8 5 , 0 0 0  l b / u n f t  s l i n  

5 4 2 0  l b l i n  



piofile become very pronounced, especially in the sidewall 
area, and cause a reduction in spring rate. It should be noted 

, +hat the maximum value of lateral spring rate occurs near the 
esign load for each tire tested. 
The vertical load-deflection data are remarkably linear for a 

broad range of tire loads (Fig. 1). Fig. 1 suggests that it is 
reasonable to consider the tire as a linear vertical spring with 
spring rate, KZ, defined as the average slope of the load- 

deflection plot. 

INFLATION PRESSURE 

increasing inflation pressure reverses the deformation caused 
by vertical load. Although a decrease in contact length ac- 
companies an increase in inflation pressure, the dominant 
effects of increased pressure are reduced curvature in the side- 
wall and a generally stiffened carcass structure. The net result 
is a lateral spring rate that increases with inflation pressure, as 
is demonstrated by Fig. 4; these data being obtained on the 
three tires shown in Figs. 2A-2C. As may be expected, the 
effect of increasing the pressure is more pronounced at the 

12.00- ZO/C 
(80 psi) 

11.00-22/C 
(90 psi) 

12. oo- 201c 
(80 psi) 

11.00- 22lC 
(90 psi) 

Tire Load (lb) 
, 200 I I I I I 

2000 4000 6000 8000 10000 

higher loads which causc large distortions in the meridian 
profile. 

The cornering stiffness, C,, exhibits similar pressure sen. 

sitivity at higher vertical loads. Fig. 5 compares the lateral 
force versus slip angle and vertical load exhibited by a 
10.00-20/G tire (Fig. 6B) at  rated inflation pressure ( I  00 
psi) and at 50 psi. As can be anticipated from lateral spring 
rate behavior measured for these three different tires (Fig. 
4), cornering stiffness increases with inflation pressure at 
higher loads. 

The apparent similarity between Ky and C, is due to the 

definition of K, as the lateral stiffness of a standing tire mea- 
J 

sured at, effectively, a 0 deg slip angle while Co, is defined to 

measure the stiffness of the rolling tire in generating lateral 
force at very small slip angles. However, the contact region 
deformation associated with tire traction is considerably more 
complicated than the deformation associated with the mea- 
surement of . As no rational basis exists for the correlation 5 
of these values., they a n  treated as independeAt mechanical 
properties. 

lblunit slip IS-ZZ.S/H 
(90 psi) 

12.00- 

(90 PS 

I Tire Load ( l b )  - 
I I I c z,doo 4,doo 6,000 8.000 1o.000 

11.00-::/c 
(90 PSI) 

1600 12.00-?DIG 
( 8 0  psi]  

Tire Load [lb) 
I I I I 

ZOO0 4000 6000 8000 10000 

D 
a Design Load 

U 

Fig. 3 - Variation of mechanical properties with tire load for tins shown in Figs. 2A-2C. A-camber stiffness versus tire load; B-cornerin!: stiffness 
versus tire load; Ccircumferentirl stiffness versus tire load; Dlateral spring rate versus tire load 



PLY RATING AND TIRE SIZE 

, The ply rating designates the load range for which a particu- 
size tire IS designed. Load limits for various sizes at specific 

.nflation pressures up to the design pressure are tabulated 
according to empirical formulae. The ply rating is a measure 
of the strength of the tire carcass and does not necessarily 
indicate the actual number of plies. 

The tire pairs listed in Table 1 were tested on design width 
precision rims at  the indicated pressures and loads which are 

15-22.5/H 
(8460 lb) 

12.00-20/G 
(6140 lb) 

2000 

I I I 

8 0 9 0 10 0 

p s i  

near the des~gn values specified for these tires used as s~ngles 
and duals. The higher rated tire of each palr IS generally used 
as a dual. The 20 in tires that were tested all have the tread 
pattern shown in Fig. 68. The tread pattern of the 11.0G22 
tlres (Fig. 2A) is similar. Table 2 lists the measured mechani- 
cal properties and illustrates the differences which may be 
found in tires which are similar in all respects, except for ply 
rating. 

The differences seen in Table 2 are slight and possibly in- 
fluenced by tire nonuniformity and/or measurement precisron. 
There is remarkably little change in the properties of  the 
11.00-22 tires, the largest set tested for differences due to  ply 
rating. The slight increase in test pressure (see Table 1 )  may 
be responsible for the increases in vertical spring rate. I t  is of  
interest to  note that the vertical spring rate measured for the 
10.00-20 tire with the G rating was less than that obtained for 
the F load rating. However, the lateral force generating ability 
did increase with increased load rating as evidenced by the 

Fig. 4 - Lateral spring rate I; versus inhtion Pressure for tires shown Fig. 5 - Lateral force versus slip angle and vertical load on 10.00-20/G Y 
in Figs. 2A-2C tire at rated pressure (100 psi) and at 50 psi I 

( a )  R i b - t y p e  I ( b )  R l b - t y p e  I 1  ( c )  O ~ e n  T r e a d  

1 4 6 0 0 0  4 2 0 0 0  2 8 0 0 0  

5 0 8 . 2  5 2 3 . 4  5 1 6 . 0  

5 6 . 7  69 .O 3 9 . 9  

1 4 7 7  1618 1 2 9 1  

5 0 3 2  4 7 0 0  4 5 0 0  

I b / u n t t  s l i a  

l b l d e u  

l b / i n  Fig. 6 - Measured n~ecllanical properties o f  
10.00-201F nylon Itre in three tread patterns. A- 

l b / i n  rib-type I; B-rib-type 11; C-open tread 





** 1.0 f l L F  249 

IVF f i IG I  OF F l L C  2Uq FnP 7 RECnaDl. 

MIJX ~onr)uc  

4. d H  0.R 

R,Fh 8208.4 

8.12 1111)ST.b 

D . IV  J I ~ Z E . P  

Pt28 U79QR.6 

a.r7 hwq* .  Q 

',ub 77721.8 

0 .58  9 l a n I . Y  

Y.hl  IVY(1bV.1 

*FU FlLC 1W3 TEST SIWPLEUS! **  
UNI IOVIL  UN1*18TtR I5.U-t1.S/w DRV I S P Y l L l  f3.R.l 

p t  . 
8.0 

S51a9 

181a.a 

1bS2, I  

2UlV,S 

3lSb.0 

J070.B 

1532. I 

SIJV.1 



* e  r.0 FILL 216 htb r r ~ c  tbr TCSY I ~ W L K ~ S Z  -- 
IVZIIIC~ Or FILL Irr 101 7 ~ C C O R O I .  uY1lOVAL UN1~Al ILR IS.1-2Zr3/h OR? 18Pn1Ll t1.b.) 



NC* r r L e  $ a s  , t r s r  S I Y P L ~ U ~ ~  r*  

lr1(190rIL ~lr( l*bSlER 1SIB-E2.5IN 09Y ASPMALT 13.8.1 

FI 

fl.0 

1495.3 

21(101b 

981 3.1 

41P5.U 

5b77.9 

L 3 t I . Z  

h7q7.4 

?Wb(l,b 

7 lh l .S  TOLY m VP179,1 1010 I 8bbY.5 VCL m 28.A ML*, 

13>1.2 

7321.1 MUCLIU I #, I# MULOCK 8 O.5b I 1 1 1 0  1 1 . 5 7  

7246.6 

7lS3.8 

b1qZ.U 

6083.3 

bbl5.2 

C5ZJ.J 

bl3P15 

hlV0.J 

b'J14*# 

7819.2 

3 b @ 8 * l  

531914 

5lb7,J 

u910.3 

Ob98.7 

lINlOnVIL I 'N IWSlEY I5. l .22,5IH 09.1 ISPMLLT 1118.1 
I , "  ......-...*--..--.---...- 1........-....-.....-.-.-1.......--.......*...-...r.-.......-......*...-... 

I I 
1 I 
1 I 
1 1 
T I 
I 1 

1 

E Z  I rhcu.3 " $ 1  s 2 1 . '  *IILIICK I m,*r MulEr r  . n . 8 ~  Y I ~ I ~ J  a 1.97 4.0 FILL ?u7 YIwCILL IPS IAVPLk *I3 



I O I V  s b517S.L L O I O  1112.1 VEL 8 3n.n rtr, 

*UPCIU rn e.bb MULOCP s r ,sr  a r r ~ o  m 1.46 



SLIP 

#.Be 

0 , 0 1  

0.80 

0.0b 

0. fln 

LI. I R  

9-12  

8114 

3- 16 

Slid 

B,28 

8,,25 

B , , M  

e,ss 

8140 

0" 0s 

B.50 

8,155 

Mu64 

B,,bS 

R , 7 A  

8 . n  

8.88 

0.89 

B,PR 

BOPS 

1.88 

ZSb7.1 

3411.8 

YPb8.2 

1219.8 

9183.a 

b4#b.I 

b777.0 

l#T@,8 

721V.1 TDAV s 83814,Z LOAD S I I81 .b  VLL s 40.6 *PH. 

T2b2,S 

113a.9 ~ U I C ~ N  r 1.01 MULOCK I 8 , s  R I ~ I O  - 1.66 

698319 

b780.S 

bST1.1 

bsba.7 

bLbloI 

5977.1 

s7w.a 

5b1ta* 

5PSt.b 

1141t* 

5811.7 

017II.b 

2 8 7  VEL I UQ,R MULOCK s C.52 *UPCAM 8.87 1 1  m I I 1 2 1 1 1  4 5  , , , 



UNtROVAL UY!*ASTCR lS.0-tZ.SlW PRY ASPHALT I8;B.l 
1.n .......-..-.......... ..I..~IIWII.....~-~.-~...".."-.."..~......................~. 

I 1 
1 1 
1 1 
I I 
1 I 
1 * 1 
I I 
1 * * 1 f 



S L I P  

1 , 8 0  

0.8) 

0.04 

0.0) 

DIDb 

a* 18 

8.12 

0.11 

8116 

8.18 

8.29 

8.21 

0 , J I  

0131 

0,Ol 

0.05 

ld,S8 

ia,ss 
I), 18 

II* 61 

0.70 

11,71 

11.01 

0.85 

8,vn 

8 0 9 5  

I*RB 

TDbV 8 39771.8 LOAD m J S ~ S ; O  VCL m 98.9 YCY. 

YUCCAK 1 8;8¶ MULOCK 8 8 ; ~  14110 8 1.51 

a. 00 LONGITUOINAL B L I P  lYS.09 





A.O r1i.e L S ~  

AVERAGE OF TILE 257  COI 5 OtCOPO8, 

S L I P  nux ronnut  

P,PR R . R B  R o n  

a.*z P I I T  4 0 2 ~ 1 . 1  

9.01 0.27 72091.0 

# .P I  0, 16 Pb7bVtb 

r).U8 U.03 I I 7 7 9 1 . b  

0 .  I" 8.09 134b1V14 

16112 R.55 151750.1 

'8.14 A,b3 I7bb10.0 

0116 R,bP 1VbASI. I  

@ , L C  1.71 z n 7 ~ 0 3 . 1  

R.2A R.72 Z l11 I41C 

HIZS 8 - 1 2  2215Sb.0 

R,30 A.71 227131.6 

R.35 R,bV 231226.* 

0.0P R.68 2101129.9 

R,U: n , b ~  2372zn.7 

A S S O  8.65 200978.2 

U.55 C,b1 2 0 2 0 5 ~ ~ 5  

M . 6 R  P.b2 /01qlZ.b 

neb5 R. DO ZP4 l t * .2  

0.7R a.50 2184V313 

A,75 R.5b 227b97nt  

P,IR (1.34 l l l S O 7 . l  

Am09 P.52 1 0 7 7 1 1 ~ 1  

n.9R @,SR Ib1bRba5 

a.95 n.48 1 P I O l . Z  

t ,ap a.45 11777s.a 

T U l V  I I I 7 7 7 S , I  LObO * I45S7,8 VCL I P R . 8  *CY. 

* U ? C I k  1 B l l l  MULOCK 8 9.45 R 4 l I O  I l lbO 



ker  FILL ILZ t c ) ~  SIWLLI~O ** 
UNIlOVLL UYImLSTL4 15.b-ll.SIW 011 AO@YALT 0 . b . I  

rx 

*.C 

t*7a.1 

?Iaz* s 
171a.1 

1311.1 

6*1*.1 

14la.2 

ber3.Z 

blrnZ.1 

b751.Z 

b14U. 1 

b7rJT.I 

bb17.b 

br?r,* 

b321.S 

blb*.b 

baasea 

saz*.s 
srrr.r 

¶bll.l 

S3(11.S 

5lbl.b 

S@Ib,d 

1r3r.r 

rrlr.l 

ISb*.4 

1rn*T.S 



AVERAGE OF F I L E  251 

MUX 

A.00 

R,IO 

R.31 

9,Pl 

P,58 

fl,54 

B* bY 

R,b* 

P *  7b 

meal 

11.82 

R . 8 2  

re81 

A,  79 

8. l a  

n.75 

4,73 

P.71 

9,6* 

#,a7 

D,h5 

B. b3 

R,bl 

R,39 

a,5b 

R,54 

8,51 

UC* FILE 109 , iwr  SAWLCMI 

UNlROVAL U N 1 H I 8 l C R  IS.B.22.5IY DRY A W H b L l  (3,E. i  

FI 

A,@ 

1595.b 

2646.2 

3515 ,I 

130Be1 

4Q13,E 

5112.4 

5716.6 

ha*b,l  

6 b 5 3 ~ 7  TPAV B B24121S LOAD 8559,T VCL n 4R.m WPM, 



F Y  8 I~JC.. # f ~  8 8n.a -uLocr 0 I 8  ~ 1 1 1 0  s  1 . 6 3  r-n  ILL 2r1 * * r lCL  (13  S A W t  # * I  

121 



T i r e  S m p l e  Si:e Code- 

-, Fires tone lO.OOx!O/F I-110 0 Transport 1 

Goodyedr  Super 10.00x!O/F GyS10 0 H i  blilcr 

G e n e r a l  Power 10.00sZO/b GiJlO a Jct 
Goodyear  Super llxZZ.S/F CyS11 0 H i  blilcr 

Firestone 12.00x20/11 ~ ' ~ 1 2  Q T r a n s p o r t  1 

1sa:t. Slt I  UU15 
! ~ ~ ~ ~ ~ ~ ~ r  ~ i b i "  

vr 
a, 
3 - 
9 
A 
a 
8) 
e 

u 

Normalized Load, Fz/, 

Figure 1 2 .  Normalized load sensitivity in the peak and 
slide traction of the six-tire sample (on 
BADC's asphalt). 



wi th  r ega rd  t o  peak va lues .  I t  i s  s u r p r i s i n g ,  however, 

t h a t  t he  s i z e  15 x  2 2 , 5 / H  wide base  s i n g l e  t i r e  (code 

UU15) p rov ides  such a  smal l  increment i n  normalized 

t r a c t i o n  when t h e  load  i s  reduced from t h e  r a t e d  value  

(8460 l b s )  t o  0 . 4  of  t h e  r a t e d  va lue  (3380 l b s ) .  This  

performance s u g g e s t s ,  f o r  example, t h a t  t h e  wide base  

s i n g l e  i s  l e s s  s u i t a b l e  f o r  ope ra t i on  a t  lower loads  

than  t i r e s  which a r e  r a t e d  i n  t he  lower load  range.  As 

shown i n  Figure  13 ,  wi th  v e r t i c a l  l oad  (non-normalized) 

p l o t t e d  on t h e  a x i s  of  a b s c i s s a ,  t he  wide base  t i r e  

p rov ides  a  reduced t r a c t i v e  performance (compared t o  

10.00 x  2 0 / F T s )  when the  va lue  of  FZ i s  below about 

8000 l b s .  Thus t h e  no t ion  t h a t  one can " t i r e - u p "  t o  

r e so lve  s topp ing  performance d e f i c i e n c i e s  i n  heavy 

t r u c k s  may n o t  be a  u n i v e r s a l  axiom. 

Figure  1 4  i l l u s t r a t e s  t h e  i n f l u e n c e  of  v e l o c i t y  on 
t h e  normalized t r a c t i o n  behavior  o f  t h e  s i x - t i r e  sample 

a s  measured on t h e  a s p h a l t  pavement. The d a t a  show a  

r a t h e r  narrow band w i t h i n  t h e  r e s p e c t i v e  peak measure- 

ments and s l i d e  measurements ac ros s  t h e  t i r e  sample, 

wi th  c o n s i s t e n t  g ross  t r e n d s  e x h i b i t e d  i n  a l l  c a s e s .  

The d a t a  i n  Figure  1 4  aga in  p l a c e  t h e  H-ra ted  t i r e s  

(codes FT12 and UU15) a t  t h e  lower boundary of p e r f o r -  

mance f o r  t h e s e  experiments i n  which each t i r e  was 

ope ra t ed  a t  i t s  r a t e d  l oad .  

To c h a r a c t e r i z e  t h e  r e p e a t a b i l i t y  of  t h e  d a t a  

p r e sen t ed  i n  Figures  1 2  through 1 4 ,  t h e  d a t a  ob ta ined  

from a  s e t  o f  f i v e  r epea t  runs which were i n t e r s p e r s e d  

w i t h i n  d a t a  runs f o r  each t i r e  a r e  p l o t t e d  i n  Figure  1 5 .  

Each r e p e a t  run r e p r e s e n t s  t h e  average o f  s i x  lock ing  

cyclies conducted a t  40 mph and t h e  T 6 RA r a t e d  load  

on each t i r e .  Data p o i n t s  a r e  p r e s e n t e d ,  l e f t  t o  r i g h t ,  
i n  t h e  o r d e r  i n  which they were ga the red .  Below each 



T i r e  Codes 

0 FTlO 

I 
1 t .  I 1 8 I 1 h t 1 I t b I I 

1 1 2  3 4  5 6 7 8 9 1011 12131415  
Vertical load, lbs x 103 

Figure  13 .  Load s e n s i t i v i t y  (non-normalized a b s c i s s a )  i n  
t h e  peak and s l i d e  t r a c t i o n  o f  t h e  s i x - t i r e  
sample (on BADC a s p h a l t ) .  



Velocity, MPH 

Figure 14. Velocity sensitivity of the peak and slide 
traction values for the six-tire sample 
(on BADC asphalt). 
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T i r e  Code 

0 FTlO 

0 GySlO 

G R J l O  

0 GySll  

@ F T 1 2  

T e s t  Runs 

F i g u r e  1 5 .  Peak and s l i d e  t r a c t i o n  measures  d e r i v i n g  from 
r e p e a t  runs  o f  each  o f  t h e  s i x  t i r e s  t e s t e d  on 
t h e  a s p h a l t  t r a c k  a t  BADC. 



group of peak and s l i d e  d a t a  p r e sen t ed  i n  F igure  1 5  

f o r  each t i r e ,  t h e  s t a n d a r d  d e v i a t i o n  of t h e  measures 

i s  p r i n t e d .  I n  g e n e r a l ,  t h c  i n d i c a t e d  r e p e a t a b i l i t i e s  

a r c  o f  cons idcrah ly  h i g h e r  q u a l i t y  than i s  obse rved ,  

s a y ,  i n  peak read ings  ga thered  us ing  ASTM s k i d  t r a i l e r s .  

I n  a d d i t i o n  t o  t h e  observed r e p e a t a b i l i t y ,  i t  i s  most 

s i g n i f i c a n t  t o  no t e  t h a t  t h e  t e s t  p rocess  i s  caus ing  

no monotonic t r e n d  i n  p e a k / s l i d e  c h a r a c t e r i s t i c s  a s  a  

func:tion of  work h i s t o r y .  Thus we have concluded t h a t  

each t i r e  sample was behaving i n  a  s t a b l e  f a s h i o n  

throughout t h e  sequence of t e s t  r u n s ,  

To demonstra te  t he  i n f l u e n c e  of  pavement s u r f a c e  

c h a r a c t e r i s t i c s  on peak and s l i d e  t r a c t i o n ,  r e s u l t s  have 

been summarized as load  and v e l o c i t y  s e n s i t i v i t i e s  f o r  

a  b a s e l i n e  t i r e  t e s t e d  on fou r  d i f f e r e n t  t e s t  s u r f a c e s .  

Figure  16 i l l u s t r a t e s  t h e  e x t e n t  t o  which t h e  f o u r  

pavement s e l e c t i o n s  a l t e r e d  t h e  l oad  s e n s i t i v i t i e s  o f  

t h i s  t i r e .  While t h e r e  appears t o  be a  changing rank 

among t h e  s u r f a c e s  i n  terms of t h e  peak and s l i d e  t r a c -  

t i o n  v a l u e s ,  t h e  two a s p h a l t  s u r f a c e s  which were 

examined g e n e r a l l y  p rov ided  h ighe r  peak t r a c t i o n  p e r -  

formances than  d i d  two concre te  s u r f a c e s .  

Figure  1 7  i n d i c a t e s  t h e  i n f luence  of  t h e  pavement 

d i f f e r e n c e s  on v e l o c i t y  s e n s i t i v i t y .  Whereas p r e v i o u s l y  

r e p o r t e d  measurements i n d i c a t e d  a  profound d i f f e r e n c e  

between peak t r a c t i o n  performances on conc re t e  and 

a s p h a l t  , t h e s e  d a t a  show b a s i c a l l y  comparable t r e n d s  

among t h e  two a s p h a l t  and two concre te  s u r f a c e s .  

To c h a r a c t e r i z e  t h e  s t a t i s t i c a l  r e p e a t a b i l i t y  of  

t h e  d a t a  d e s c r i b i n g  pavement i n f l u e n c e s ,  t h e  "check run" 

va lues  of  peak and s l i d e  t r a c t i o n  a r e  p l o t t e d  f o r  each 

o f  two b a s e l i n e  t i r e s  i n  Figures  18 and 19.  As b e f o r e ,  
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T i r e  H-7 
Ver t ica l  Load , 

4 u  4 
50 75 ' 100 

I n f l a t i o n  Pressure., psi - 

1 7 
T i r e  H-9 

Veraca l  Load 
0 7500 l b  

9 *50001b 

5 5  4 
60 90 120 

I n f l a t i o n  Pressure, psi 

'1 T i r e  H-11 
Vert ica l  Load 

06000 I b  

8 6 
C 

4000 1 b 

.I. 

50 '75 ioo 
I n f l a t i o n  Pressure, psi 

T i r e  H-8 

Vert ica l  Load 

06000 l b  
*4000 lb 

I n f l a t i o n  Pressure, p s i  

- 

Figure 3. 10 The ef fects  o f  i n f l a t i o n  pressure on cornering st i f fness:  
heavy truck t i r e s  (cont.),, 

0 8 1 S ? f C  3 9 

Vert ica l  Load 

06000 l b  
*4000 1  b 



TABLE 3.1. FLAT-BE0 TEST TIRES 

Tlre No. 
Heavy Tnrck 

Tl rrs 

Manufacturer 

Unlroyal 
Uni royal 
Unf royal 
B.T. .Goodrich 

Triple Tmad 
Triple Tread 
Triple Tread 
Milesaver Radial 
Steel H.D.R. 

B.F. Goodrich flilesaver Radial 
Steel H.D.B. 
Unisteel R-1 Goodyear 

Goodyear 
Fires tone 
Uni royal 
nlchel i n  

Uni royal 

Unisteel 1-1 
Power Drive 
Unimaster Rib 
Radial 
Fleetmaster 
Superlug 

Heavy Bus 
T i  rts 

. . 
H-12 
H-13 
H-14 
H-15 
H-16 
H-17 
H-18 

Firestone 
B. F. Goodri ch 
B.F. Goodrich 
Uni royal 
Uni royal 
Goodyea r 
fiichelin 

Hiway HCteage 
Interci ty  Hileage 
Interci ty  Hileage 
Interci ty  
HaxRoute I 
Custom Cruiser 
Radial XZA 

H-19 Hi chel in 
H-20 niche1 in 

Radial XZA 11 R 22.5 H 
Radial XZA 12 R 22.5H 

Light .Truck 
. - Tires 

L-1 
L-2 
L-3 

Fires tone 
Goodyear 
Goodyear 
F i  res tone 
Goodyear 
Fl res tone 
Goodyear 
Good ri ch 
Coodyear 
Coodyear 
Firestone 
Goodyear 
Hichelin 
Wards 

Transport 500 
CUS tom HiHi 1 e r  

Rlb' HiHiler 
Transport 1 10 
Super Single HiMi ler 
Town L Country ~ w c k  
Custom Rexsteel  
M i  lesaver Radial 
GIas Guard XG 

61as Guard XG 

Town h b u n t r y  Truck 
Custom Flexsteel 
Radial XCA 
Steel Be1 tcd . 
Super Wide 
Radial XCA La15 Hi chel in 

. L-16 General 
L-17 General 

Jumbo Power Je t  
Jumbo Power J e t  
Gl as  Guard Lo18 Coodycar 
Glas Guard L-19 Coodyear 

L-20 . Goodycar 
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VERTICAL LOAD, & VELOCITY, KWH 

Fig. 3: rmsitivity in tha peak md slide traction of a six-tire S8mple on Fis 5: The d i m -  influence of pavemmt SUM on the vdocity 
dry uphalt At tests nun at 84 kmlh. rnsitivitir of two tires. 

I I I I I 

5 10 15 20 25 
SLIP ANGLE, DEGREES 

Fio 6: t v p i d  lord nruitivitir in the ;id@ fora rapow of a sample of 
10.00 x 20 tira twtad at 32 km/h on r dry t o m w  surf- 

.5 4: Velocity sensitivity of the peak and slide traction vJua for r six- ....... . . . . . . . . . ...... . . .,.... tin rmph on dry asphalt. All tim opentad at their mprctiw 
..... T & RA m t d  load. 
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Tire : Highway Tread 15-22.5/ :! R i m :  22 .5~11 .75  

LATERAL FORCE vs SLIP ANGLE AND VERTICAL LOAD 

Vertical  In f la t ion  Latera l  Force a t  Indicated S l i p  Angle (deps . ) 
Load Pressure 

( l b s . )  1 2 4 8 12 1 t - ( p s i )  - - -  
2900 90 461 850 1402 2027 2376 2772 

ALIGNING TORQUE vs SLIP ANGLE AND VERTICAL LOAD 

Vert ica l  I n f l a t i o n  Aligning Torque a t  Indicated S l i p  Angle ( degs . ) 
Load Pressure 

( l b s .  ) ( p s i )  1 2 4 8 12 16 
- - I  

2900 90 44 7 1  86 63 29 10 

58 00 90 124 208 276 223 131 78 

8640 90 214 375 515 449 273 161 

10000 90 251 449 632 571 347 215 

CIRCUMFERENTIAL STIFFNESS vs SLIP ANGLF, AND NORMAL LOAD 

Vert ica l  I n f l a t i o n  Ver t ica l  
Load Pressure Cs Spring Rate 

( l b s . )  ( l b s .  ) ( l b s . / i n .  ) -- ( p s i >  

2900 90 47,000 


