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I. TABULATED DATA [FLAT BED] 

L a t e r a l  F o r c e ,  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 ,  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 b o v e  f o r  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 .  . . . . .  . 2 3 9  

F i r e s t o n e  P o w e r  D r i v e  L u g  . , 2 4 0  
U n i r o y a l  F l  e e t m a s t e r  S u p e r  

L u g  . . . . . . .  241  

FY V S .  S L I P  ANGLE @ I N F L A T I O N  PRESSURE = 
1 0 0  P S I  . . . . . . . . . . . . . . . . . . . .  , 2 4 2 - 3 2 8  

U n i r o y a l  @ V a r i o u s  S p e e d  a n d  L o a d  

S L I P  ANGLE V S .  T IME ELAPSED 

F o r  U n i  r o y a l  



ROAD SPEED VS. T IME ELAPSED 

TRACTIVE FORCE VS. T I M E  ELAPSED 

NORMALIZED TRACTIVE FORCE VS. S L I P  RATIO 

S L I P  ANGLE VS. T I M E  ELAPSED 

NORMALIZED TRACTIVE FORCE VS. T IME ELAPSED 

NORMAL FORCE VS. T IME ELAPSED 

NORMALIZED TRACTIVE FORCE VS. S L I P  RATIO 

S L I P  ANGLE VS. T I M E  ELAPSED 

NORMALIZED TRACTIVE FORCE VS. T IME ELAPSED 

TABULATED DATA FOR ABOVE 

A l l  f o r  U n i r o y a l  

- . . . .  FY/FZ  VS. S L I P  ANGLE, FZ @ 21  MPH 1 0 - 3 1 - 7 5  3 2 9  

FY/FZ  VS. S L I P  ANGLE, VELOCITY @ 5 5 6 1  LB - . . . . . . . . . . . . . . . . . . . . . .  1 0 - 3 1 - 7 5  3 3 0  

FY VS. S L I P  ANGLE, REPEATED RUNS @ 5 5 7 5  LB ,  
. . . . . . . . . . . . . . . . .  41  MPH - 1 0 - 3 1 - 7 5  , 3 3 1  

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  

FY/FZ VS. S L I P  ANGLE, FZ @ 41  MPH - 1 0 - 2 1 - 7 5  * . . 3 3 2  

FY/FZ  VSm S L I P  ANGLE, VELOCITY @ 5 4 7 3  LB - 1 0 - 1 7 - 7 5 .  3 3 3  

FY VS. S L I P  ANGLE, REPEATED RUNS @ 5 4 9 0  LB ,  4 0  
. . . . . . . . . . . . . . . . . . .  MPH - 1 0 - 1 7 - 7 5  3 3 4  

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  o n  A s p h a l t  

. FY/FZ VS. S L I P  ANGLE, FZ @ 2 2  MPH 1 1 - 3 - 7 5  . .  . 3 3 5  

FY VS. S L I P  ANGLE, REPEATED RUNS '? 5 5 0 4  LB,  4 1  
. . . . . . . . . . . . . . . . . . .  MPH - 1 1 - 3 - 7 5  . 3 3 6  

FY/FZ VS. S L I P  ANGLE, VELOCITY @ 5 5 1 6  L B  - 
. . . . . . . . . . . . . . . . . . . . . . .  1 1 - 3 - 7 5  3 3 7  

F i r e s t o n e  P o w e r  D r i v e  

Y /FZ  VS. S L I P  ANGLE, VELOCITY @ 5 5 1 2  LB - 1 1 - 3 - 7 5  . , 3 3 8  

F Y / F Z  VS. S L I P  ANGLE, F Z  @ 21  MPH - 1 1 - 3 - 7 5  . . . .  , 3 3 9  



FY VS. S L I P  ANGLE, REPEATED RUNS @ 5 5 2 3  L B ,  41 
MPH - 1 1 - 3 - 7 5  . . . . . . . . . . . .  , 3 4 0  

U n i r o y a l  F l  e e t m a s t e r  S u p e r  L u g  

FX/FZ VS. FZ/FZ-RATED, VELOCITY . . . . . . . .  - 3 4 2 - 3 6 8  

TABULATED DATA W /  TORQUE & FX 

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  

FX/FZ VS. FZ/FZ-RATED, VEL.OCITY . . 3 6 9 - 3 9 5  

TABULATED DATA W /  TORQUE & FX 

F i r e s t o n e  Power  D r i v e  

M .  DYNAMOMETER 

N o r m a l i z e d  L o n g i t u d i n a l  F o r c e  v s .  L o n g -  
i t u d i n a l  S l i p  @ v = 6 4  km/h . . .  . 3 9 9  

N o r m a l i z e d  L o n g i t u d i n a l  F o r c e  v s .  L o n g -  
i t u d i n a l  S l i p  @ F z = 2 4 ,  5 0 0  N  . . .  3 9 9  

N o r m a l i z e d  L o n g i t u d i n a l  F o r c e  v s .  V e r -  
t i c a l  L o a d  @ v = 6 4  km/h . . .  4 0 0  

N o r m a l  i z e d  L o n g i t u d i n a l  F o r c e  v s .  V e l -  
o c i t y  @ T & RA R a t e d  L o a d  . . .  , 4 0 0  

N o r m a l i z e d  L o n g i t u d i n a l  F o r c e  v s .  V e l -  
o c i t y  o n  F o u r  D i f f e r e n t  S u r f a c e s .  . , 4 0 0  

N o r m a l i z e d  S i d e  F o r c e  v s .  S l i p  A n g l e  @ 
3 2  km/h  @ 0 . 5  & 1 . 5  x R a t e d  L o a d  - 
D r y  C o n c r e t e  . . . . . . . .  4 0 0  

N o r m a l i z e d  S i d e  F o r c e  v s .  S l i p  A n g l e  @ 
3 2  & 8 8  km/h ,  T  & RA R a t e d  L o a d  - 
D r y  C o n c r e t e  . . . . . . . .  4 0 1  

S i d e  F o r c e  v s .  S l i p  A n g l e  @ 6 4  km/h,  
2 4 5 0 0  N  - D i f f e r e n t  Wear C o n d i t i o n  . , 4 0 1  

N. FX/FZ VS. SPEED @ RATED LOAD . . . .  4 0 2 - 4 0 3  

On D r y  & Wet C o n c r e t e  

. . . . . . . . .  FX/FZ VS. FZ/FZ-RATED @ 20  M P H  4 0 4 - 4 0 7  

On D r y  & Wet C o n c r e t e  

G o o d y e a r  C u s t o m  C r o s s  R i b  
U n i r o y a l  F l  e e t m a s t e r  S u p e r  L u g  
F i r e s t o n e  T r a n s p o r t  2 0 0  
G o o d y e a r  S u p e r  H i  M i l e r  
G e n e r a l  G T X  
F i r e s t o n e  T r a n s p o r t  I 



DYNAMOMETER 

F y l F z  v s .  S l i p  A n g l e ,  V e l o c i t y  8 5 5 2 7  LB - 
1 1 - 5 - 7 5  . . . . . . . . . . . . . . .  , 4 0 8  

F y / F z  v s .  S l i p  A n g l e ,  Fz  8 4 0  MPH - 
1 1  - 5 - 7 5  . . . . . . . . . . . . . . .  , 4 0 9  

Fy v s .  S l i p  A n g l e ,  R e p e a t e d  Runs  @ 4 0  MPH, 
- . . . . . . . . .  R a t e d  L o a d  1 1 - 5 - 7 5  4 1 0  

F i r e s t o n e  T r a n s p o r t  I - D r y  C e m e n t  

F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 4 8 6 7  LB - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  , 4 1 1  

F y / F z  v s .  S l i p  A n g l e ,  F z  @ 4 0  MPH - 
1 - 1  6 - 7 6  . . . . . . . . . . . . . . .  - 4 1  2  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ 4 0  MPH, 
R a t e d  L o a d  - 1 - 1 6 - 7 6  . . . . . . . . .  4 1 3  

F i r e s t o n e  T r a n s p o r t  I - W e t  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  @ 5 4 3 7  LB - 
1 1 - 5 - 7 6  . . . . . . . . . . . . . . .  , 4 1 4  

F y l F z  v s .  S l i p  A n g l e ,  Fz  @ 4 0  MPH - 
1 1 - 5 - 7 6  . . . . . . . . . . . . . . .  . 4 1 5  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ 4 0  MPH, 
R a t e d  L o a d  - 1 1 - 5 - 7 6  . . .  4 1 6  

F i r e s t o n e  T r a n s p o r t  2 0 0 - D r y  C e m e n t  Con-  
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  @ 4 7 4 3  LB - 
1 - 1 6 - 7 6 . .  . . . . . . . . . . . . .  , 4 1 7  

F y / F z  v s .  S l i p  A n g l e ,  Fz @ 4 0  MPH - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  , 4 1 8  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  R u n s  @ 4 0  MPH, 
. . . . . . . . .  R a t e d  L o a d  - 1 - 1 6 - 7 6  4 1 9  

F i r e s t o n e  T r a n s p o r t  2 0 0 - W e t  C e m e n t  Con-  
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  @ 5 5 1 5  LB - 
1 1 - 3 - 7 5  . . . . . . . . . . . . . . .  . 4 2 0  

F y / F z  v s .  S l i p  A n g l e ,  Fz  @ 4 0  M P H  - 
1 1 - 3 - 7 5  . . . . . . . . . . . . . . .  . 4 2 1  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ 4 0  MPH, - . . .  R a t e a  L o a d  1 1 - 3 - 7 5  4 2 2  

G e n e r a l  G T X - D r y  Cement  C o n c r e t e  

F y l F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 4 7 7 6  LB - 
1 - 1  6 - 7 6  . . . . . . . . . . . . . . .  . 4 2 3  



F y / F z  v s .  S l i p  A n g l e ,  F z  @ 4 0  MPH - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  . 4 2 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 ,  4 0  MPH 1 - 1 6 - 7 6  4 2 5  

G e n e r a l  GTX-Wet C e m e n t  C o n c r e t e  

F y l F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 5 5 3 0  LB - 
. . . . . . . . . . . . . . .  1 1  - 3 - 7 6  . 4 2 6  

F y / F z  v s .  S l i p  A n g l e ,  F z  @ 4 0  MPH - 
. . . . . . . . . . . . . . .  1 1 - 3 - 7 6  , 4 2 7  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs - 
. . . . . . . . . . . . . . .  1 1 - 3 - 7 6  , 4 2 8  

G o o d y e a r  S u p e r  H i  M i l e r - D r y  Cement  Con-  
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  @ 4 7 6 1  LB - 
. . . . . . . . . . . . . .  1 - 1 6 - 7 6 .  , 4 2 9  

F y J F z  v s .  S l i p  A n g l e ,  F z  8 4 0  MPH - 
. . . . . . . . . . . . . . .  1 - 1 6 - 7 6  . 4 3 0  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ 4 0  MPH, 
. . . . . . . . .  R a t e d  L o a d  - 1 - 1 6 - 7 6  4 3 1  

G o o d y e a r  S u p e r  H i  M i l e r - W e t  Cement  Con-  
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  8 5 5 2 6  LB - 
1 1 - 3 - 7 5  . . . . . . . . . . . . . . .  , 4 3 2  

F y / F z  v s .  S l i p  A n g l e ,  F z  8 4 0  MPH - 
1 1 - 3 - 7 5  . . . . . . . . . . . . . . .  , 4 3 3  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs  @ 4 0  MPH, 
. . . . . . . . .  R a t e d  L o a d  - 1 1 - 3 - 7 5  4 3 4  

G o o d y e a r  C u s t o m  C r o s s  R i b  H i  M i l e r - D r y  

F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  @ 4 7 3 8  L b  - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  . 4 3 5  

F y / F z  v s .  S l i p  A n g l e ,  F z  @ 4 0  MPH - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  . 4 3 6  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs  8 4 0  MPH, 
. . . . . . . . .  R a t e d  L o a d  - 1 - 1 6 - 7 6  4 3 7  

G o o d y e a r  C u s t o m  C r o s s  R i b - W e t  C e m e n t  Con-  
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  8 5 5 1 2  LB - 
1 1 - 3 - 7 5  . . . . , . . . . . . . . . .  , 4 3 8  

F y / F z  v s .  S l i p  A n g l e ,  F z  @ 4 0  MPH - 
1 1 - 3 - 7 5  . . . . . . . . . . . . . . .  . 4 3 9  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  Runs @ 4 0  MPH, 
R a t e d  L o a d  - 1 1 - 3 - 7 5  . . .  4 4 0  

U n i r o y a l  F l e e t m a s t e r  S u p e r  L u g - D r y  



F y / F z  v s .  S l i p  A n g l e ,  V e l o c i t y  8 4 7 9 0  LB - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  . 4 4 1  

F y / F z  v s .  S l i p  A n g l e ,  F z  4 4 0  MPH - 
1 - 1 6 - 7 6  . . . . . . . . . . . . . . .  . 4 4 2  

F y  v s .  S l i p  A n g l e ,  R e p e a t e d  R u n s  @ 4 0  MPH, 
R a t e d  L o a d  - 1 - 1 6 - 7 6  . . . . . . . . .  4 4 3  

U n i r o y a l  F l e e t m a s t e r  S u p e r  L u g - W e t  

Q. LOCKED WHEEL BRAKING FORCE COEFFIC IENT VS. CONSECU- 
T I V E  NUMBER OF T I R E S  TESTED @ 4 0 ,  5 5  MPH. . . .  - 4 4 6 - 4 4 7  

F i r e s t o n e  T r a n s p o r t  I o n  C o n c r e t e  

PEAK BRAKING FORCE COEFFIC IENT VS, CONSECUTIVE 
NUMBER OF T I R E S  TESTED @ 4 0 ,  5 5  MPH . . .  , 4 4 8 - 4 4 9  

F i r e s t o n e  T r a n s p o r t  I o n  C o n c r e t e  

PEAK LATERAL FORCE COEFFIC IENT VS. CONSECUTIVE 
NUMBER OF T I R E S  TESTED @ 4 0 ,  5 5  MPH. . 4 5 0 - 4 5 1  

F i r e s t o n e  T r a n s p o r t  I o n  C o n c r e t e  

LOCKED WHEEL BRAKING FORCE COEFFIC IENT VS. CON- 
SECUTI-VE NUMBER OF T IRES TESTED @ 4 0 ,  5 5  MPH . . 4 5 2 - 4 5 3  

F i r e s t o n e  T r a n s p o r t  I o n  A s p h a l t  

PEAK BRAKING FORCE COEFFIC IENT VS. CONSECUTIVE 
NUMBER OF T I R E S  TESTED @ 4 0 ,  5 5  MPH . . .  . 4 5 4 - 4 5 5  

F i r e s t o n e  T r a n s p o r t  I o n  A s p h a l t  

PEAK LATERAL FORCE COEFFIC IENT VS. CONSECUTIVE 
NUMBER OF T I R E S  TESTED @ 4 0 ,  5 5  MPH . . .  . 4 5 6 - 4 5 7  

F i r e s t o n e  T r a n s p o r t  I o n  A s p h a l t  

TABULATED DATA . . . . . . . . . . . . . .  4 5 8 - 4 5 9  

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

F o r  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  @ 4 0 ,  5 5  MPH 

. . . . . . . . . . . . . .  HISTOGRAMS FOR ABOVE 4 6 0 - 4 7 1  

. . . . . . . . .  SAMPLE MEAN AND STANDARD D E V I A T I O N  4 7 2  

@ E a c h  S u r f a c e  & S p e e d  



TIRE 
NO. 

laGb 
2aGb 
3ahb 
4aGb 
SaGb 
6aEb 
7a$b 
8aGb 
9aGb 
l0aGb 
l l a 6 b  
12afjb 
13aEb 
14aEb 
15afjb 
16aGb 
l7aGb 
18aGb 
19aGb 
20aFrb 
2laF,b 
22aGb 
24aGb 
26aGb 

TABLE 1. TEST TIRES 

t OF 
EIANIJFACTURER MARKET* F40nEL 

Goodyear 
Goodyear 
Goodyear 
Goodyear 
Goodyear 
F i r e s t o n e  
F i r e s t o n e  
F i r e s  t o n e  
F i r e s t o n e  
K e l l y - S p r i n g f i e l d  
K e l l y - S p r i n g f i e l d  
G e n e r a l  
G e n e r a l  
M i c h e l i n  
l l i c h e l i n  
U n i r o y a l  
I l n i r o y a l  
B.F. Goodr ich  
B.F. Goodr ich  
S e a r s  
S e a r s  
A r m s  t r o n g  
Dayton 
Recap 

U n i s t e e l - 2  
H i m i l e r  S p e c i a l  
Custom Q u i e t  D r i v e  
SuperEIiMiler 
Custom H i - E d i l e r  
Power D r i v e  
T r a n s  t e e 1  
Lonp H a u l e r  
S u p e r  A l l  T r a c t i o n  
R e g i s t e r e d  Armor-Trac  
R e g i s t e r e d  Drive T r a c  
GQT 
QCL 
XZA 
x z z  
F l e e t m a s t e r  T r i p l e  T r e a d  
F l e e t m a s t e r  S u p e r l u g  
E x t r a  Eli-ler XL 
T r a c t i o n  E x p r e s s  Custom 
Plus  Mileage  Rib 
S i l e n t  T r a c  
SD-200 
Thorobred  Premium ESD 
U n i r o y a l  F l e e t  Carrier  

CARCASS 
TYPE .-- 

R a d i a l  
B i a s  
B i a s  
B i a s  
B i a s  
B i a s  
R a d i a l  
B i a s  
B i a s  
B i a s  
B i a s  
B i a s  
B i a s  
R a d i a l  
R a d i a l  
B i a s  
B i a s  
B i a s  
B i a s  
B i a s  
B i a s  
B i a s  
Bias 
B i a s  

TREAD 
TYPE 

Rib 
Rib  
Rib  
Rib  
Rib  
Lug 
Rib  
Rib  
Lug 
Rib  
Lug 
Rib  
Lug 
Rib  
Rib  
Rib  
Lug 
Rib  
Lug 
Rib 
Lug 
Rib  
R i b  
R ib  

* T i r e  Review Magazine 



LINEAR REGRESSION LINE RELATING THE PEAK BRAKING 
FORCE COEFFICIENT AND THE LOCKED WHEEL BRAKING 
FORCE COEFFICIENT @ 40 MPH, CONCRETE . . . . . . . . 473 
CORRELATION BETWEEN TRACTION PROPERTIES . . . . . . ,474 

R. TABULATED DATA 

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 & 16" Sli Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Above for Highway Tread (New) . . -475-476 

Vertical Load 
Inflation Pressure 
Lateral Force @ 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 Stiffness 
Vertical Spring Rate 

Above for Lug Type ( ~ e w )  . . . . . 477-478 
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 & 16" Slip Angle 

Vertical Load 
Inflation Pressure 
Circumferential Stiffness 
Vertical Spring Rate 

Competitive Highway Tread (New). . 479-480 
Vertical Load 
Inflation Pressure 
Lateral Force @ 1,2,4,8,12 & 16" Slip Angle 



Vertical Load 
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 Load 
I n f l a t i o n  P r e s s u r e  
C i r c u m f e r e n t i a l  S t i f f n e s s  
Vertical S p r i n g  R a t e  

Half-Worn H i g h w a y  T r e a d  . . . . . , 4 8 1 - 4 8 2  





versus s curve suggests that higher braking force will be ob- 
tained from the rib-type pattern. This finding should be con- 
firmed with over-the-road tests. 

The open tread pattern undoubtedly improves overall tire 
performance in mud and snow as well as on wet pavement. It 
would be unfair to  grade this, or any, tread pattern soleiy on 
the basis of flat bed tests. 

EFFECT O F  WEAR 

The direct effect of wear is t o  change the tread pattern as 
well as the tread profile. Minor pattern components, such as 
kerfs and sipes, are seldom as deep as grooves. A worn tire is 
retained in service on the basis of its remaining groove depth, 
although the altered pattern may change its traction per- 
formance considerably. This statement is more true for wet 
traction performance than dry. 

It  was found in the present test program that groove depth 
reduction in the worn profile has a significant influence on 
low-speed dry-traction performance. Tread pattern stiffness is 
primarily responsible for the distinctive differences in the 
following data (Table 3) obtained from a test series in which 
the rib-type I1 pattern (Fig. 6B) was tested with three levels of 
tread wear. 

The data in Table 3 are derived from measurements made at 
rated pressure (85 psi) and rated load (5430 lb). The new tire 
had n o  highway break-in. The worn tires were run on  a loaded 
test vehicle for 1500 miles to insure full service growth. They 

-- Ucen i r e a d  

----- R i b  T r e a d  

Fig. 9 - Lateral force versus camber angle and vertical load on open and 
rib-type I1 tread patterns 

Table 3 - Measured Mechanical Properties for Nylon 10.00-20/F 
Rib-Type 11 Tire Design in Three States of Wear 

New Half Worn Fully Worn 

Cs, lb/unit slip 42,000 52,000 60,000 

Ca, lb/deg 5 23.4 690.5 771.5 

Cy,  lbldeg 69.0 104.4 147.7 

. K, , lb/in 
I 

1,618 1,7 84 1,886 

K,, Ib/in 4,700 3,939 4,600 

were then ground to specified tread depths-0.25 in for half 
worn; 0.0625 in for fully worn-and again run on  the highway 
for 200 miles. The data in Table 3 were taken from three 
separate tires, one for each state of wear. 

The reasoning presented earlier for the influence of tread 
pattern also applies to  the effect of wear. Table 3 shows that 
tire traction stiffness (C , C , C ) increases as the tread is 

s Y 
worn. This increase derives from the reduction in lateral and 
longitudinal tread compliance which is present to  a greater or 
lesser degree in all patterns. The tire spring rates, mainly 
measures of carcass compliance, are essentially unaffected. 

Figs. 10 and 11 illustrate the effect of wear on lateral force 
generation capability. As may be anticipated from the varia- 
tion in C (Table 3), the lateral force due to camber (camber Y 
thrust) is extremely sensitive t o  wear. The carpet plot com- 
parison in Fig. 11 shows the fully worn tire developing, in 
some instances, more than twice the camber thrust obtained 
from the new tire operated under the same conditions. 

The increase in traction stiffness with tire wear is definitely 
a dry-traction phenomenon. The reduction in groove depth 
will have a highly adverse effect where wet traction is con- 
cerned. Data of the type shown in Table 3 should not be 
taken out of context in evaluating overall tire behavior. 

Fig. 10 - Lateral force versus slip angle and vertical load on 10.00-20/F 
tire in three states of wear 

Fig. 11 - Lateral force versus camber angle and vertical load on 10.00- 
20/F tire in three states of wear 



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, it 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 1b. 

From an examination of the data, i t  appears that tread 
design has little influence on the tire spring rates Ky and Kz. 
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 'tread generated considerably less laterai force 
(or camber thrust) thzn 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, lb 

is a result of increased tread compliance*. It  would be of 
considerable interest to compare the peak braking traction of 
the rib-type and open tread tires. AIthough the force mea- ;::i:::. 

1::::::: 
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 F, 

*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 iateral force versus slip angle and vertical load 
on 10.00-20 tires with ply ratings F and G 

10.00-20/G 85 5430 
Fig. 8 - Lateral force versus slip angle and vertical load on open and 

11.00-22lF 85 6290 rib-type 11 tread patterns 
11 -00-22/G 90 6140 

Table 2 - Measured Mechanical Properties for Three Sets of Two Tires M i c h  
Differ Only in Ply Rating 

T i e  
9.00-20 10.00-20 1 1.00-22 

Rating E F F G F G ---- 
C,, lb/unit slip 41,000 41,000 42,000 50.000 47,000 51.000 

C,, lbldeg 466.1 479.4 523.4 588.8 542.7 536.9 

C7, lb/deg 59.6 64.4 69.0 74.6 63.3 62.8 

Ky , lblin 1,673 1,889 1,618 1,482 2,116 1,909 

K,, lblin 3,824 4.122 4,700 4,363 5,578 5,850 



Figure 14.  Typical load and v e l o c i t y  inf luences  on the F,/FZ versus 
s l i p  behavior o f  a 10.00x20/F t i r e .  



10 20 30 40 50  60 70 80 90 100 

Longitudinal Slip, % 

F i g u r e  1 5 .  I n f l u e n c e  of v e r t i c a l  l o a d  on t h e  non- 
normal i zed  ( F  ) v e r s u s  s l i p  b e h a v i o r  o f  
a F i r e s t o n e  i 8 . 0 0 ~ 2 0 / ~  on t h e  BADC 
a s p h a l t  s u r f a c e .  



the  v e l o c i t y  s e n s i t i v i t y  of t he  peak t r a c t i o n  performance 

of t h e  General Power J e t ,  10.00x20/F code G L J l O  (a  t i r e  

examined i n  t he  e a r l i e r  work) ,  was found t o  be l e s s  pronounced 

than r epo r t ed  e a r l i e r .  

To demonstrate the  i n f luence  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 ,  t he  measured 

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  each of t he  two b a s e l i n e  t i r e s  t e s t e d  on the  four  t e s t  

s u r f a c e s .  Figures 2 0  and 2 1  i l l u s t r a t e  t h e  e x t e n t  t o  which 

t h e  fou r  pavement s e l e c t i o n s  a l t e r e d  t h e  load s e n s i t i v i t i e s  

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

of  both  t i r e s ,  the  two a s p h a l t  s u r f a c e s  gene ra l l y  provided 

h ighe r  peak t r a c t i o n  performances than d i d  t h e  two conc re t e  

s u r f  a c e s .  

These same d a t a  a r e  r e p l o t t e d  i n  Figure  2 2  t o  i l l u s t r a t e  

t he  manner i n  which t he  t w o  b a s e l i n e  t i r e s  d i f f e r  i n  t h e i r  

genera t ion  of b rak ing  fo rce  on each of t he  four  s u r f a c e s .  

These d a t a  i l l u s t r a t e  t h a t ,  al though one t i r e  may rank r a t h e r  

c o n s i s t e n t l y  h ighe r  than ano the r ,  t he  spread  i n  t h e i r  

performances may be l a r g e l y  surface-dependent  , 

Figures  23 and 2 4  i n d i c a t e  t h e  i n f luence  of the  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 i e s .  Whereas p rev ious ly  

r epo r t ed  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 concre te  and a s p h a l t ,  t he se  d a t a  

show b a s i c a l l y  comparable t r ends  among the  two a s p h a l t  and 

two concre te  s u r f a c e s .  However, a  few cur ious  depa r tu re s  

from t h e  median behavior  a r e  observed i n  Figure  2 4  i n  which 

excurs ions  i n  the  s l i d e  va lues  on t h e  BADC a s p h a l t  and t h e  

peak va lues  on t h e  TRC a s p h a l t  a r e  n o t a b l e .  

With t he se  same d a t a  p l o t t e d  i n  an a l t e r n a t e  fo rmat ,  
F igure  2 5  i l l u s t r a t e s  t h e  manner i n  which t he  v e l o c i t y  

s e n s i t i v i t i e s  of  the  two b a s e l i n e  t i r e s  d i f f e r  a s  measured 



0 Dana Concrete 

gp BADC Asphalt  

A TRC Asphal t  

0 TRC Concrete 

Normalized Load, z 
/ ~ z ( ~ ~ t ~ d l  

F igu re  2 0 .  I n f luence  of normalized load  on t h e  peak and s l i d e  
t r a c t i o n  o f  t h e  p i r e s t o n e  Transpor t  I (10.00x20/F) 
on f o u r  s u r f a c e s .  



0 Dana Concrete 

glD BADC Asphalt  

A TRC Asphalt  

0 TRC Concrete 

Normalized Load, z 
/~Z,~. l .dl  - 

Figure  2 1 .  In f luence  of normalized load on the  peak and s l i d e  
t r a c t i o n  of Goodyear Super H i  Miler  (10.00x20/F) 
on fou r  s u r f a c e s .  



TRC Concrste \ 
TRC Asphllt \ 

Normalized Load, Fr A,,*,*., Normalized Load. Fz/ 
Fz,,.,*d, 

Figure 22. The differing influencr a f  pavemat surface 
on the load r e n r i t i v i t i s s  o f  two t ires .  



Q Dana Concrete 

a BADC Asphalt  

A TRC Asphalt  

0 TRC Concrete 

Velocity, MPH 
Figure  2 3 .  In f luence  of t e s t  v e l o c i t y  on t he  peak and s l i d e  

t r a c t i o n  o f  the  F i r e s  tone Transpor t  1 (lO.OOxZO/F) 
on f o u r  s u r f a c e s .  



0 ,  Dana Concrete 

gl BADC A s p h a l t  

A TRC A s p h a l t  

0 T R C  Concrete 

Velocity,  M P H  
F i g u r e  2 4 .  I n f l u e n c e  of  t e s t  v e l o c i t y  on , t h e  peak and s l i d e  

t r a c t i o n  o f  t h e  Goodyear Super  H i  S l i l e r  ( 1 0 . 0 0 x 2 0 / F )  
on f o u r  s u r f a c e s .  
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Figure  2 5 .  The d i f f e r i n g  i n f l u e n c e  of pavement s u r f a c e  
an  t h e  v e l o c i t y  s e n s i t i v i t i e s  o f  t w o  t i r e s .  
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on each  s u r f a c e .  I t  i s  s e e n  t h a t  t h e  two b a s e l i n e  t i r e s  e x h i b i t  

; I  i\ i ~ l c i -  S \ , I ' C \ ~ ~  i l l  v c l o c i  t y  sensitivity on the  two a s p h a l t  

s u r f a c e s .  In  a d d i t i o n ,  t h e  o v e r a l l  t r a c t i o n  per formance  of  t h e  

F i r e s t o n e  t i r e  (code FT10) i s  g e n e r a l l y  s u p e r i o r  on t h e  BADC 

a s p h a l t ,  \ t .hile t h e  Goodyear t i r e  (code GyS10) e x h i b i t s  d e c i d e d l y  

s u p e r i o r  t r a c t i o n  per formance  on t h e  TRC a s p h a l t  s u r f a c e .  

The d a t a  i n  F i g u r e  26 a r e  p r e s e n t e d  i n  view of  t h e  

c o n t i n u i n g  d i s c u s s i o n  o v e r  t h e  m e r i t s  of t h e  ASTN s k i d  number 

measurement a s  a  t e s t  pavement c h a r a c t e r i z a t i o n .  /The f i g u r e  

p r e s e n t s  t h e  mean v a l u e s  of  peak and s l i d e  t r a c t i o n  which 

d e r i v e d  from t h e  r e p e a t e d  check r u n s  on t h e  two b a s e l i n e  t i r e s .  

.As shown, t h e s e  d a t a  a r e  p l o t t e d  v e r s u s  t h e  most r e c e n t  SN40 

( d r y )  measurements  which were a v a i l a b l e  f o r  each  s u r f a c e .  S i n c e ,  

a s  i n d i c a t e d  e a r l i e r ,  SN measurements were n o t  a v a i l a b l e  con-  

c u r r e n t l y  w i t h  HSRI's t e s t  o p e r a t i o n s  a t  t h e  Dana and TRC 

f a c i l i t i e s ,  F i g u r e  26 does  n o t  c o n s t i t u t e  a h i g h  q u a l i t y  examina- 

t i o n  of  t h e  i n d i c a t e d  r e l a t i o n s h i p s ,  and t h u s  no  c o r r e l a t i o n  

c o e f f i c i e n t s  have been  computed. Note ,  however ,  t h a t  cn  s u r -  

f a c e s  w i t h  SNaO v a l u e s  from 7 5  t o  8 2  t h e s e  t r u c k  t i r e s  were 

on ly  a b l e  t o  produce  locked-whee l  f r i c t i o n  v a l u e s  o f  approx ima te ly  

0 . 6 .  

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" v a l u e s  

o f  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  b a s e l i n e  t i r e  

i n  F i g u r e s  2 7  and 2 8 .  As b e f o r e ,  t h e s e  d a t a  p o i n t s  a r e  p l o t t e d  

f r o m  l e f t  t o  r i g h t  a s  t h e y  were a c q u i r e d .  I t  i s  s i g n i f i c a n t  t o  

n o t e  t h a t  t h e  h i g h e r  v a r i a b i l i t y  i n  t h e  r e p e a t e d  check run  

measurements  i n d i c a t e d  f o r  t h e  TRC-concrete  d a t a  i s  common t o  

b o t h  t i r e  samples .  I t  i s  b e l i e v e d  t h a t  t h i s  v z r i a b i l i t y  d e r i v e s  

from a  s p a t i a l  inhomogenei ty which c h a r a c t e r i z e s  t h e  T R C  H i  

Speed Track  f a c i l i t y .  1 s  a consequence of a  pavement g r i n d i n g  

o p e r a t i o n  which was employed t o  c o r r e c t  c e r t a i n  "h igh  s p o t s "  

i ~ h i c h  ensued  from t h e  pav ing  p r o c e s s ,  t h e r e  e x i s t  a r e a s  o f  

d i f f e r i n g  s u r f a c e  t e x t u r e  (and a p p a r e n t l y  d i f f e r i n g  f r i c t i o n  



Dana Concrete 

[B BADC Asphalt  

Test  Runs 

F i g u r e  28. Peak and s l i d e  v a l u e s  d e r i v i n g  from r e p e a t  runs  
o f  t h e  Goodyear Super  H i  Mi le r  (10.00x20/F) 
on f o u r  s u r f a c e s .  



p o t e n t i a l ) ,  among which a r e a s  HSRI d i d  n o t  d i s c r i m i n a t e  i n  

c o n d u c t i n g  i t s  t r a c t i o n  e x p e r i m e n t s .  

Comparing t h e  r e p e a t a b i l i t y  d a t a  p r e s e n t e d  i n  F i g u r e s  

2 7  :in(\ 2 8  and p r e v i o u s l y  i n  F igure  1 9 ,  i t  would a p p e a r  t h a t  

t h e  r e p e a t a b i l i t y  of ixeasurements of t r u c k  t i r e  l o n g i t u d i n a l  

t r a c t i o n  depends more upon pavement u n i f o r m i t y  t h a n  upon t h e  

s t a t i o n a r i t y  o f  i n n a t e  t i r e  p r o p e r t i e s .  

ADDITIONAL DATA SAMPLE 

During t h e  same t ime  frame i n  which t h e  p r e s e n t e d  d a t a  

were g a t h e r e d ,  a  s e t  of  measurements were made on a  Un i roya l  

T r i p l e  Tread 10 .00x20/F  sample a t  t h e  Genera l  ? l o t o r s  P rov ing  

Grounds i n  Y i l f o r d ,  Michigan ,  Given t h e  g e n e r a l  d e a r t h  of 

a v a i l a b l e  t r u c k  t i r e  t r a c t i o n  d a t a ,  t h e s e  measurements a r e  

i n c l u d e d  h e r e i n  f o r  f u r t h e r  comparison w i t h  t h e  measurements 

a l r e a d y  p r e s e n t e d ,  

F i g u r e s  29 and 30 show t h a t  t h e  d a t a  t a k e n  on GM1s 

a s p h a l t - p a v e d  V e h i c l e  Dynamics T e s t  Area complement b o t h  t h e  

t r e n d s  and t h e  a b s o l u t e  v a l u e s  d e s c r i b e d  by t h e  envelope  o f  d a t a  

t a k e n  on a l l  10 .00x20/F  t i r e s  on a l l  s u r f a c e s  examined i n  t h i s  

s t u d y .  The d a t a  p o i n t s  shown i n  F i g u r e  30 s h o u l d  a c t u a l l y  be  

a d i u s t e d  downlvard, however ,  b y  a  v a l u e  of  approx ima te ly  0 .04  

t o  accoun t  f o r  t h e  4200 l b .  v e r t i c a l  l o a d  a t  which t h e s e  d a t a  

Icere gathered-in c o n t r a s t  t o  t h e  nomina l ly  5400 l b .  l o a d  a t  

lqhich a l l  o t h e r  v e l o c i t y - s w e e p  d a t a  were g a t h e r e d  on lC.O0x20/F 

t i r e s .  Th i s  a d j u s t m e n t  ( e s t i m a t e d  from t h e  l o a d  s e n s i t i v i t i e s  

l lown i n  F i g u r e  29) g i v e s  t h e  Gbl-Uniroyal T r i p l e  Tread  combina- 

t i o n  a n e a r l y  median l o c u s  w i t h i n  t h e  enve lope  of  measurements 

!nade i n  t h i s  s tud? . .  A l s o ,  t h e  r e p e a t a b i l i t y  measures  r e n d e r  

a s t a n d a r d  d e v i a t i o n  comparable  t o  t h a t  o b t a i n e d  w i t h  t h e  two 

b a s e l i n e  t i r e s  on TRC1s V e h i c l e  Dynamics Area (an a s p h a l t  

s u r f a c e ) .  



Uniroyal  T r i p l e  
Tread 10.00x20/F 

Normalized Load, z 
F / ~ ( r a + c d )  ' 

Figure  29 .  The load s e n s i t i v i t y  o f  ' ~ e a k  and s l i d e  t r a c t i o n  
ob ta ined  f o r  a  Uniroyal  T r i p l e  Tread (10.00x20/F) 
a t  G.M. Proving Grounds---overlaid on t he  envelope of 
a l l  o t h e r  (10.00x20/F) d a t a  ga thered  on fo.ur o t h e r  
s u r f a c e s  i n  t h i s  s t udy .  



Uniroya l  T r i p l e  
... Tread  (10.00x20/F) ...... .... ........ ....... ........ ...... ..... 

Velocity, MP1-l 
F i g u r e  3 0 .  The v e l o c i t y  s e n s i t i v i t y  o f  peak and s l i d e  t r a c t i o n  

..... o b t a i n e d  f o r  a  U n i r o y a l  T r i p l e  Tread  (lO.OOxZO/F) a t  ....... ....... ....... ....... ...... .... G . ? I .  Prov ing  Grounds---overlaid on t h e  enve lope  o f  a l l  . ,, 

o t h e r  (10 .00x20/F) .  d a t a  g a t h e r e d  on f o u r  o t h e r  s u r f a c e s  
i n  t h i s  s t u d y .  
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T P A V  . 5*LS*.C LOID a 5bll.t VLL 8 I*.# *CM. 

P.PC L ~ W C I T U O I ~ A L  I L I P  1 ~ q . m ~  

$ 2  s 5bal.1 VCL aDvp *ULOCll 8 *.SL MULZIS a E,qI RhTlO 1 - 6 3  A-0 ClLL 139 NWFlLE S i  OAWLf ?I$ 

6 1 





*I 1.0 FILE It? 

rvcnbcC OF FILE 1u7 i o n  I S ~ E O ~ O I .  

SL IP  UUN TORQUE 

0. B A  B.00 810 

0.02 RsIb 11291.1 

B.04 B,ZU 25718,? 

0 .0b  8.31 3152A.b 

0,08 0.38 111989.0 

8110 1.111 51234,S 

0, IE R,54 5913C1t 

8,II @,be b5188.9 

8a1b a065 . 70S31.3 

8118 0.70 ?4tU5,7 

8.28 A.7U 191191,I 

0,ZS 8 .83  IQ189,P 

8. Ja a . ~  96379.11 

01 15 80P3 IORblV17 

8e98 0.99 18232213 

0.49 Ma05 iHZb5Z.B 

0.s~ 2-94 t * z l l c . a  

0.55 R,Q4 lBIhbP15 

0. bR i1.03 lES83119 

0. b l  0.QZ P99S2.9 

H.7R 0.91 09A13. 1 

a. 7s P,OU 988sz.9 

0,bR 1,89 9?88Z,b 

0,bS R,88 Qb107,1 

0.QB 0,FI 95103.3 

8 - 0 5  g.8b QPR46a3 

I.AQ a,@¶ Q Z ~ I E , ~  

l Q A V  8 91918,7 LOAO 5Y?V,4 VEL 3.0 LCn. 

YUCCAII w 0.95 MULOCI w a,85 nlrxo I t,~t 



SLIP 

#.Re 

1.92 

I.#* 

8.1b 

0 . N  

e.10 

0.12 

0.11 

bib 

0.10 

u.2e 

P r Z 5  

9138 

8.15 

#.an 

8115 

R.51 

s.5s 

R.b1 

8.65 

8, t L  

8.7s 

Y.dO 

l . I J  

d.PR 

J.VS 

I.00 



I 
N E N  FILL 57  T E S T  S A M P L E E ~ ~  ** 

OOODIEIR 8urCn HI-HILLR I#,O.ZIIF DRY I ~ P W A L I  IS,B,I 

r x  

0.8 

983,B 

I l ~ B . 8  

233311 

29Sb19 

348T. 1 

3914,5 

421211 

UYa5.J 

1b1017 

4774.2 

b852.2 

4808.7 

41W.2  

4 7 2 5 e S  

Pb4P.I 

41154.1 

44b01P 

4361.6 

4)bI . l  

P I 5 P . I  

PS(ll.0 

3118+7  

1711 a 1 

1h59.4 

JSl4 .7  

J3?2,5 

GOODYCAR SUPCR H I - M I L E I  18.8.1911 DRY ASPHALT ( $ , I , )  
1.8 ......................... ........................................................................... 

I 
1 

I 
I 

I I 
I 1 

r 
I 

a * I 
I I * * 

1 
I 
I 

I 

t 

I I 
u I I I 
U r I I 
I 1  e 1 

r. I 1 
1 * 

I I 
I I 
1 * 1 

* I i 1 

FZ r 5592 . I  V E L  8 ?@.a MULOCK r 1.)) MUPZIU . @ , 9 I  IAftO a l ,Yh A.0 ?!LC 109 N Y l l L L  I 7  I I * P L E  233 





4llU.l T O l V  a b 3 5 1 r P  LOAD a 5Sb1.1 VEL I Ye,# MPw. 

4778.b 

l l 7 7 , E  MUPEAK a l , 8 8  MULOCH a 0.61 R b l l O  = 1.11 
l l 3 4 ~ 0  

Ub58.7 

1559.1 

I l l f .7  

4flil,f 

4 l O l . l  

4976.0 

3 V b 1 ~ 1  

18b I .P  

3770.1 

J68Z15 

3901.11 

0, flu LONGITUOINAL SLIP 188.48 

1 2  8 55b7,l ULL S UR.8 rllLdeK I R,bL MUPEAM 9.61 RATIO a 1 , U l  1-O F I L E  IS1 NUFILE 59 SAMPLE ?55 

66 





1. 1.0 F ILL  IbA 

AVERAGE OF F I L L  I 4 6  POR b R L C O l D S ,  

HUX TORPUE 

R,@e E l 8  

A,Zt 9410.1 

e,38 117~8,s 

8.52 14744.8 

BlbU 3 I 4 7 l n 3  

8.74 3b7E*,0 

0,13 112S500 

RaVI 44V131b 

Bl0A . 47Vb7.B 

0,W 5871910 

I # @ %  ~ZbY2.7 

t.01 5 1 3 9 1 ~ 2  

1180 591901S 

8190 bl lS3,Z 

8.96 6283616 

B.qS b1S51.4 

e.91 ~ J V Z * . ~  

9.88 b76/1,7 

8.86 6V311r8 

0183  7#9*8,1 

# e l €  12374r9 

0.88 1 2 7 7 0 ~ 4  

A,78 70122.1 

0.76 bIJ971b 

R. 73 S188la6 

Be10 3 3 4 0 7 ~ 4  

8 , b 1  Sl7Vl.7 

I 

NEW FILE 4 1  TEST 8IYILEZ58 ** 
COODVCAR SUPER UI.M1LER 11,O.PIIF D l V  bSPUAL1 ( $ , I , )  

f l  

8.0 

503.7 

I8L.4 

1197e7 

IUbbo3 

1b97aI 

18Pi1Z 

216369 

E l *#*  I 

22bb.4 

ZZV8.P 

2300,2 

8171,l 

2227.b 

2175,l 

211811 

26bl15 

28I3. b 

1941e1 

198m.b 

1858.4 

1821,5 

1181.9 

1131,3 

lbr5.3 

1b09.4 

1515,e 

TDAV I S179I r7  LO10 I 237T18 VEL 4010 YCY. 

Murum I 1.01 WULOCN w #;b7 RATIO I I,~I 

G O O O Y C L R  lUPCR HI-MILE@ 1018*Pdl? DRY I8PHIC l  18,B.) 
1 ) 2  .................................................. ................................................. 

I I 
I ! 
! I 
! 
1 

I 
1 

1 I 
1 
! 

I 
I 

M 1 I 
U 1 I 
I 1  * I 

1. I 
I I 
1 
! 

I 
I 

R,AO LONGIIUOIUIL SLIP I O l r 0 9  



I 
*EU f l L L  b l  TEST IAWLIZ3*  ** 

COODTCAR I V L R  Ml.*lLfl l l l@.ID1f 011 AlCYIL? 11.1.) 

*I 

'1,1 

981.) 

17b1.* 

21115.* 

Zlbl.8 

3rsc.i  

JEVb.3 

I t L I . *  

b171.* 

1bbl.2 TOAV w bi?8*lrl  LO10 558t.7 vCL r r l . 8  *Cw. 

1198.2 

118b.a w r r b ~  w *;I* ru~oer w c.sb r r i l a  8 ~ , s r  
178*,b 

a L 7 ~ . e  

t l l C , l  

111Tb.I 

0bb.S 

8z118.a 

I l Z l . 1  

40tb.7 

3*e1;1 

l 8 l S , *  

171l.1 

lS(b.1 

18bZ.q 

13J1.1 

slrb.3 



* *  1-0 FILL IbZ 

AVERAGE Of F I L E  I b I  FOR Y RECORDS. 

nu r T OROUC 

R108 8.8  

a.13 ~ I ~ ~ C S S  

8.2s 4secc.r 

@,IS ~ 1 r s s . 8  

R.PU 77STP.8 

0.53 QISbleU 

I, bY lI)1985eP 

A,** llPZOf,S 

Be79 , IZZbIIbo I 

8.74 128b12a9 

811b 112521.2 

8,11 111S321II 

@,I8 IP2PPJlf 

0617 145319tP 

8, lb l O T 1 1 1 ~ 2  

a,?& IOl8SSr l  

@,I2 191873.Y 

B, 18 15282112 

a168 I s f ~ l l , Z  

8.67 1518V6.2 

81 b5 I ¶ S b ' J l r l  

O l l 3  1 5 8 5 ~ l r ?  

8 + b 1  19300l,0 

0, b@ l f l 8 l l . Z  

Rt58 1 lb138. I 

8.56 l O L O l l r 8  

8.54 86SO918 

NCY CILE d4 T Z ~ T  ~ A Y C L L P ~ J ~  *t 

QOOOVCIR ~ U C L R  HI-MILER II,R-ZI)/P ORV r8PnrLT 1 8 . 8 , )  

P X  

at0  

I l l 8 . P  

218C.9 

398T1 1 

19@Z,1 

IbB3.S 

Y223.b 

¶T11.8 

6121.8 

bs*TeI lDAV I 8b388,I) LOAD 8 8058.1 VCL 8 4R.C MPM. 

b551.7 

6Cb0.9 *UCgAM 8 8.18 MULOCI 8 0.94 R A T 1 0  * 1.03 

6 b d I ~ T  

LSPl.2 

b481.V 

bZY1.1 

b89b.l 

594#,1 

SlOV66 

3b411.1 

5511111 

5170.1 

5231 0 2  

Ye8a.8 

4916,2 

408I.b 

Ubbb13 

GOODYEAa I U P I R  H!.MILCR lB,I.Z)/P DRY A8PHALT II,B,) 
I , R  ............................'........................ l..,.....................I........................ 

1 
1 i 



YE" I I L C  S: ?LIT ¶ b M L E l 5 *  *a 

COODVCfiR OUCCI r l - * I L E *  1s.n.2a1f DRY r8CwILT  (¶.I.) 

V K  

I I. 

II'J0.V 

I11115.0 

2371.J 

1134rZ 

Sb40.11 

40b1.b 

113P.7 

4Sbq.8 

1671.7 

4122.5 

4b91.7 

4bZb.7 

4S301I 

4 8 S I - 1  

a s i .  I 
rza*,b 

41Jb1S 

b01(lr4 

1915.1 

1801.7 

17n7.l  

3bL7.7 

SSZ1.1 

3aar.s 

S331.7 

S230.b 



SLIP 

@.@I 

Pad2 

0 . m  

B,db 

D.00 

0.18 

e.12 

*,I0 

ilrlb 

u.1n 

B.2P 

U.25 

@ a 3 0  

@.A5 

B.U0 

0.45 

a,sn 

n.55 

Q. bP 

6-65 

a . 7 ~  

8 -75  

0.88 

8.85 

B.P@ 

0195 

L,d@ 

a *  A00 flLL 15b 

I V C R b t E  OF F I L L  156 TOR b PCCOWOI ,  

-Ill TOROUf 

R.RR PI@ 

fl.Il I9hbl.A 

P,SZ 35850.a 

@ , U U  4q157q0 

R , S ~  ha?ba.z 

0,hb TV11.1 

Q,lS 7989I.R 

0.7'4 8lblO.l 

u,aa 9318t.l 

* , I1  91SS0,9 

b.10 IAQ4q4.5 

a,8q IOSbU4.5 

R.89 la(tS11h 

0.07 tllT@019 

B e 8 5  11SbTA,a 

4.63 11S191,9 

8.01 tlh4SPlt 

P.19 ItlUOlrL 

ls7b I16ZbllU 

R.14 I18q5@,0 

R.72 11081T.R 

R,70 11b769,9 

e.68 ll(IsJS10 

*,bb 1008BI.P 

L,b4 118753,h 

O,b2 ?J1(1O. I 

*,bid b241b.T 

TSAV 1 b201brl LOAD B 5582.P VEL 1 Pn,D WPM. 

FZ 55C2.R YFL 1 4n.P vUL~CY m ..(I# MUPEAK . 8-69  ~ b f l g  l,SB b-0  FILL L5b UaflCL b' '''''' IS' 



I 

NCU FILC 6'1 TC1T BA*LEZbl ** 
COO(IYLII (Urgu L I . * ~ L E R  I#,c.zsrl D l 1  A:C*ALT (I.)*) 

rx 
rn.8 

1b2.1 

1111.7 

2 1 7 0 r l  

27b114 

JlTS.5 

S l S # * l  

r t i l . a  

4411.1 

@bll,T 

r t t b . 7  

rr1t.z 

4bTV,* 

45*l.S 

4419,b 

8 3 1 1 ~ b  

ra1e.a 

bR1.S 

1V71.1 

J l Y l . 1  

5irr .s 

1b41.1 

15¶*,1 

3Lbl. 1 

3 l O . b  

3 i l t l . l  

33bh.1 





SLIP 

8.0R 

8.02 

u,su 

0.0b 

0.88 

0.18 

8.12 

0.14 

8.16 

8.18 

Be20 

0.25 

R.3P 

8.35 

8,UR 

8.45 

0.58 

A.55 

8.68 

8.65 

@ , I @  

8.71 

B. 88 

c3.85 

F3.98 

R ~ 9 5  

1.R8 

I* 1.0 F ILE I 7 2  

AVERIEC or r f i c  172 ran 5 RLCOPO~J. 

RUX TOWPUL 

R,BB R , f l  

B.1U 13bhb.8 

8.20 21371.* 

8,30 3IIR3.Z 

0,38 48fl14,S 

@,4b PVOU31 7 

R,55 SqTb7,I 

R ~ b 2  b@i?bb,q 

A,b9 . 7P715,B 

0.75 80(I0BI8 

8.79 8U958a3 

R.88 9U29I11 

R,93 I B 8 8 b S r l  

8,Ob l03913.0 

8,Vb lflP5I)I.I 

8.96 10~211.0  

n,vli 1 8 ~ 4 h ~ , 1  

0.94 182177a5 

8.03 IR131)I15 

8,92 IB8ZIElb 

@,*I 99857. I 

P,9B 918b8.5 

Rn1V qbb71.Z 

A,87 9¶171,7 

B18b @U19T,3 

a,es vz?bu, l  

A,bU PIlBA,R 

N C ~  FILE b~ TEST ~IYCLLIOI * a  

CENLRIL POYCR Jer l0.8.23if DRY IIPMALI (8,8,1 

rx 

'0.8 

781.9 

I laz .8  

lb4I.S 

28*8,8 

2S87.1 

2911, b 

l o l l ,  I 

S75'J.b 

liQ52, 1 TPIV 1 91188.8 LOIO a 5392.9 VLL x 1,R MPU, 

u2q2.0 

I?Zb,J MUPCAI 8 8 , ~ ~  YULOCX w B.~I  RI~IO a I,IS 

PVIb.2 

5119.b 

1102.9 

% l Z l l 0  

5878.9 

502b.8 

6969.6 

llOIB.3 

P I I V , b  

a?nn,s 

oT2b,b 

Pbb4.9 , 

46R1,S 

4535.0 

OUbP*P 

GLbERIL POWE* JET 10,0=28f? D I V  I l P k I L l  (8.8,) 
1.0 .....-.-.--..............1.........-..............$...................*....$..... ................... 

I I 

LDNGITUDINIL SLIP 





SLIP 

e.ue 

0.B2 

8.81 

8.06 

0181) 

RI IR 

8 v I Z  

8 -14  

Bu lb  

0.18 

A.2R 

8.25 

B.30 

P.35 

8.UB 

8.45 

8 - 5 0  

R.55 

8.60 

B a b 5  

@ , I 0  

e. 7s 

0,rlB 

U,85 

B I P A  

# , P I  

1.WR 

NEW F ILL  b9 ' TEST IAMPLESB~  8 .  

GENERIC POWR JET i e , o - a s l r  DRV IIPHILT (a.fi.) 

l X  

0,s . 
143515 

2349.3 

31011.4 

3bBS.t 

O Isq11  

45I9.Y 

usr4 ,3  

SB3.?, 0 

5 I 3 6 , l  

5167a1 

5 I P 7 , r  

IO0b.b 

50IO.I 

4811,9 

11811,l 

Db7be2 

OSb6.4 

UilS6,B 

4345 I 2 

41)1,9 

1B01,1 

3 I 1 1 1 3  

I7l lb.8 

3bP8e l  

JObP.7 

1292.5 

CCNERLL POUCR JET Ifl,P.Z@lf OR? I8PWAbT (S.8,) 
1.a .................................................. 1........................1......--.....-..--..-... 

I 1 
I 1 
I * *  . e 

t 

1 
I 
I 

1 
1 

I I 
I I 
I I 
! 1 

1 I I 
I I 

I 

1 
I 11 
I 1 
1 I 
I I 
I 1 
I 
1 

* I 
* I 

1 I 

I 
I.. 

I 



wcr FILC 11 ' rear ILWCLI~I r *  

SLULIbL P e U E I  JCI 18,17*8@/? O W  b8CUAil  l S a O a l  

f 1 

018 ' 

12lS.l  

211s.r 

28?4*1 

3 5 l i . r  

11111~1 

111n.i 

111*,1 

O I 1 . 3  

1*010 I T D I Y  a b l I 7 3 , 1  L D I D  a 5577;s VCL # 18,# nCY, 

~ W I I ~  

19St.b MUCC~K e I.+I kULOCl I ( , $ I  U I T l D  8 1.61 

186h.2 

1761.1 

1bSb.1 

1srs.r 

1432.7 

rsa3 , i  

oz12.2 

(11114 

1*04.i  

S861*1 

112'1.1 

1¶8*18 

JW2.1 

3 S l l r b  

1171.1 



r* I - 0  FILE 170 

AYCRIGC OT FILE 179 raR u RECOROI. 

UUX TOROUE 

R,00 0 8 8  

6,lb 31711.7 

( t 4 1  4 7 7 0 6 ~ 1  

8 . ~ 5  b f ~ r , i  

Rlbb 76248.0 

0.76 8bVlh.P 

R,13 'IP949,S 

0188 lOBt7b.P 

0.9@ 1806lYrd 

8.02 100030.2 

8.02 l l a l 3 q , s  

8109 1111B1S.q 

B.8b 11lPIY.9 

em84 l I89 I? ,b  

0,111 l lq74 l .b  

A.78 I t9PYI.I  

0.16 119786.b 

9.15 ltP71n.S 

0.71 l l P I U l 1 2  

Be bV 12POZ411 

8067 118877.4 

R.68 I l4?2b1 J 

a. bz 1014bfi.l 

m.bR 96285.7 

8058 814SP.2 

b ,Sb  7Bb18.b 

0.54 57411.S 

NEW FILE ?t l  lES7 SAwPLC311 ** 
GENERAL P O Y ~ R  JIT ~a.m.a~t~ DPV ISCWALT O.I.) 

rx 

8*9 

I431*5 

2111,9 

3040t9 

1bT1.1 

4114.4 

OSUT,P 

0?82,1 

Pq29,B 

408113 T Q A V  I 57PJl. i  LOAD * ~b1b.7 VLL s P B ~ C  UCY. 

USb2,Il 

4 0 1 1 d  ~UCCIK 8 0 , 0 1  MULOCK @ Be50 RATIO I 1111 

bb?**O 

U582.9 

4512.3 

4130a0 

PE*I.I 

39Yb.4 

JbJIeb 

1111.8 

35~1.4 

34T0.0 

1353.1 

31311.P 

312I1J 

J B l l , l  

P9 l f . I  

GCNERAL POWER JET 18t0.Pg/f D R Y  A$PWILl f8,8,) 
1.8 .~-..-..*.......--.....-.IIIIIIII...--..~..---...-~--...--...-.~-.~...-..*-~....-.-..~.~---....-.-.. 

1 I 



wcr PILL $2 TUT S A * ~ L C H ~  *e 

C ~ N ~ R I L  PO*CR J E T  II,C.ZOIF OIV I S P Y ~ L ~  ~ I . B . )  

r I  

em 
11s1.1 

zr3a.c 

a*aa,o 

1Sbb19 

1178.1 

8631.8 

bbbl13 

47lJ.O 

10181S T D I V  a 579 I8 ,J  LOAD I 55*8.I V IL  1 55.1 MCM. 

8411.9 

~ 1 . i  aurtrr a a.9a WULOCX a O,SS PATIE u I.&* 

(514.1 

011b.1 

12W.b 

1159.1 

1115.1 

1091.5 

1lbZ.J 

1bE4.0 

SS1432 

1117.1 

13b1.2 

1Zb1.4 

315012 

SSl0,O 

.?*I211 



** 1.0 FILE I05 

AVERAGE OF FILE 185 FOR U R L C O R O l ,  

MUX 10RI)UL 

P,@8 810 

8 .33  IIP19,O 

l,58 21894,J 

R.61 30291,3 

0.71 36369.9 

A18b 48991.9 

0.91 4481I.E 

@,q4 98251.3 

@.PI . S8941m0 

A.V1 52888.1 

#,PI 53T0@10 

A,?? 5UVl3.8 

a,vs 56971.9 

0.82 18608.8 

P1911 68576e2 

0.89 b22U9,d 

R , b ?  637bl.9 

P,lb 65168.2 

R , C P  bb9111U 

8.81 b911S.! 

@,I( lllUS.8 

B17h 71012.b 

0.73 6bhP3.b 

9.11 60S87.b 

0.68 984bl.R 

0.66 39556.1 

nab3 2175A1R 

TOAV a 11751,9 Lob0 a 128U,b VCL * UO,B MPY, 

MUPEAR S 8.87 UULOCb I 0.b3 UAllO * l.S4 

I 
HEW FI L E  14 TLST S A M P L L ~  

CLNLIAL POWER JET IPqR.28/T DRY A8PMALt (8.8,) 

rx 

0.0 ' 

767- 1 

114U.O 

146lvS 

11(1?,6 

1455~1 

2BS8.3 

2l9lll 

Zllll7 

a13107 

2111.6 

218611 

aebs,e 

2914.3 

IPb~,S 

1931.1 

I88L.9 

lbSI18 

181S.1 

17b1.3 

ITIP.6 

lb69,P 

Ibllr4 

156111 

1519,I 

1179.1 

1423a1 

BLNEnAL POUER J E T  t8,0.28/? D R Y  A8PMALI 13.8.)  ......................... [........................~........................I.......*.........-...... 
I L 
1 . *  . I 

1 



T01V I 36671.8 LOAD S51b,7 VCL . I#,# #Cw. 

*U*€AK 8 @ , T I  WLOCn . 8.34 R4110 m I ,((  



4. 1.0 i r l e  lor 

IVLRIGL OF FILE 187 F09 5 UECOPO8, 

UIIX TORQUE 

0,RR R. 8 

#,I6 1 8 5 6 3 ~ 9  

0.32 5UTbbs7 

9.44 7615311 

R,SY 94889,5 

0.61 lR8blSob 

U.78 IZIZl5.q 

6.75 IJlZb7.2 

A,7q . 138361.2 

n,81 I~ZI~Z.I 

8011 144594,9 

8,869 IUI39BI7 

C.78 lS1126.7 

R.lb 13i~01.9 

#,7P llU2771S 

@,I2 ISPd83~d 

P,7R IS929b.P 

R.60 l556112.4 

8 .  b6 193004n8 

C.64 IS'1667~1 

8.62 ISJ814.2 

R.6I I(119101F 

0,Sd 130Y7719 

R , 5 b  12b545.a 

4,34 IIldlZ07 

8,5l 06672.1 

A.49 116*2%@ 

I X  

0.8 

lbbZ67 

Z8bI19 

J9IZmS 

4809, 3 

5J3118 

6121eq 

656919 

bALb.2 

784L.T 7a1v . 890aj,8 LOAO 8 4611.7 VEL 40,U *P*. 

70'59e4 

bO35a1 MUCELI 0.12 MULOCK 0 ~ 4 9  a 1,67 

616712 

6589.5 

b41213 

bZIlaI 

687119 

5986.7 

3744.8 

5583.7 

s4aa,3 

5139,J 

5881.7 





r* 1.0 r r L c  111 

IVCRAGE OF f l L L  181 FOR 6 R C C O U O ~ O  

MUX IORPUC 

L.08 8.0 

O n 1 1  25154.8 

A.37 43338.3 

n,s2 ~BROLII 

0164 74U77,4 

a,7a 0 5 1 1 ~ ~ 6  

0.81 0439q. 7 

A,db 1 0 1 3 7 5 ~ 4  

a . 9 ~  . tobsq5,q 

8.02 1 1 8 2 8 9 ~ 1  

0.92 112bib.9 

DIP@ I l b94Ra3 

0.86 l20l75.b 

0,db 122531.R 

1,84 124511.9 

P.81 12b383.5 

8.19 124173.4 

0.Tb l30lle7.5 

0 ~ 1 3  l 3 l b 3 ? * 2  

R111 131911a4 

Bl hd IEV8ZOaP 

0.bb 1 Z 3 0 1 3 ~ 5  

8,bU I IZ fZ7 .1  

Peb l  PO21l.O 

0.57 115081.0 

A.5b 1187119 

R.54  S I h b b ~ l  

? X  

l . 0  

1 L I l . l  

2103a7 

ZVlb.1 

JS11.5 

OIZl.8 

1919.5 

1114.11 

O011.0 

5Bk71 b TOAY * S1bb l l l  LOAD a 5691,) VCL S 11,@ *PM. 

9BIb.5 

O P l l  b Y U P L l l  8 #,I?. MULOCI 8 1.50 RATIO 1 1 t 7 1  

2.Ri" LONGlTUDIUlL B L I P  l@a,88 



T D A V  . S48Ia.8 L O A D  a J l * l . l  VCL 8 48r8 *Cw. 





SLIP  

d.OR 

0 .82  

8,011 

A.Rb 

0.01 

U.1R 

0, I 2  

69.14 

8.16 

A,I8 

Y.2" 

u,2s 

Q.3Q 

P.35 

P.SP 

@ , U 9  

W.Sn 

P.55 

#.bR 

R.b5 

0 . 1 A  

B , 7 5  

P.80 

a.85 

r , 9 a  

R,P5 

$ , A m  

t *  1.0 F ILE Om 

L V ~ S A G E  1~ FILE 98  FOR b ucconoa, 

VUX TOROUE 

R.R0 A *  0 

P.28 2 t910 , I  

A,27 30TVO.b 

8,JS 3qa12-4 

i l ,Uu U9837,b 

a.52 SIP7b.b 

R,bA bS788.S 

R,b7 T1AbP.b 

8.14 TP l3br8  

8.70 o5ses.a 

@ , a 3  00590,S 

n,ao 932bJ18 

R,91 90650,8 

n n P 5  181SbI,1 

R.91 I0 lb4U. l  

I,PS IER88b03 

A,94 VQT47.Z 

@,I2 98121,U 

* l o t  9788915 

D,PU PSY3T.J 

0 . a ~  qa~un .7  

1,87 P2SUI.T 

0.86 91flU2,ll 

# . d l  09535.9 

U.A1 RTIO8, I 

0,RI 163111,S 

a . 4 ~  an6us,n 

N I *  F I L E  33 TEST SA*PCEI I I  r r  
I 

FlR2370NL IRIWSPORT 1 I I IQU~ZE~F D R V  CONCRETE (DANA) 

F X 

0.1 

1118.1 ' 

15Sl. l  

1963.9 

ZUJU.2 

2981,2 

3115.5 

l b 8 B . 5  

UEl1,Il 

4218.2 TDAY a 84buS.l LOAD r 5548,7 Y ~ L  r I,R M C N .  

UUSBI-3 

474818 MUCEAK I E,9S HULOCY 1 R . I R  PATIO 1 1,19 

UQP4.3 

4098.3 

490 .7  

11947,I 

P89 l . l  

'4827.2 

Ul'J8.2 

Qb8712 

4615.0 

4542.1 

UUbI.4 

439b.i 

412P.b 

PEP7,8 

4111.2 

FIREOTnHt l lAN8PORl 1 I0,0*2R/C DRV COHCUETC (DANA) 
1.8 1--1 -...--...--..---.-.--71...------....--..-..*..1.----.-.-...-....-.---.-1..-.-.-....-..-----..-.. 



I r r v r G C  Or F f L l  

S L I P  1'111 

P.*P ¶,ill' 

n.az l * , ~ b  

* , I ' U  n.28 

P,Ph 8.19 

.-. PL # , U P  

A . 1 I  P,58 

? . : I  P.h7 

V e l a  P.71 

O , I ~  e . l e  

H. 18 V 6 R 3  

2.2p *.*I 

4.25 @.OH 

v .  1P a.91 

U. 3 5  0.QZ 

P,  UP F.01 

1'. 115 P . M Q  

P,9P 4.18 

h.55 ".Cb 

P . h P  (I.*& 

P,h5  ?.nI 

1 . l P  *,PI 

2.75 ~ , 7 q  

1 .bP 0.77 

P . P S  ' . l h  

~ , Q O  1.74 

8 . 9 5  P , ? ?  

1 .*,,a ? . l r  



AVCRAGC OF FILL 

HtlX 

1 ,0B 

1.14 

0129 

a.42 

R.53 

R.61 

8.10 

A,76 

@,Ill 

#,a5 

@,a6 

8.07 

0,db 

0.85 

1,8U 

B.03 

(1.82 

0.80 

0,79 

P,l7 

8,15 

R,lU 

P.72 

P.10 

R,bE 

R,6b 

P,6U 

1. 1.0 F I L E  92 

92 FOR b 9 t C U R O 8 ,  

TDROUC 

088 

1b711.5 

31170eb 

P1j7ZP,b 

51125.7 

b8lB7,b 

76bVl.V 

816BJ,5 

08496.9 

VZR85,P 

9U$b#*@ 

V82I7.8 

1e1115.8 

1(135SY.V 

1851mn.r 

18bbbl.U 

1 0 l b b l r V  

1tab13.s 

18936q.1 

1f lW25e8 

1Ob9SS.2 

102ISZa I 

V5725.1 

69218.5 

824LY.U 

75116.9 

66541.7 

H E Y  F I L C  35 1 I F I T  8AMCLEI2I **  
FlRESTOME TRANIPOIT I lB,B.aO/? D l V  CONCRETE (DINAI 

ZI 

8.R 

191.u 

lbf lL10 

E J I I I I  

20Cl,U 

343V.O 

1 8 b I n 5  

L155.4 

4180.2 

4538.9 TOAV bb541.7 LOAD . 5bab19 VEL r 2R.O MPU. 

u5q1.0 

11bmi.s NUCLAN ~ , 8 ?  MULOCI 0 . ~ 4  w r r o  1 I,SS 

45b115 

I IPI l .2 

44a3.a 

4141.5 

41bM14 

U119,0 

U'aOb,V 

891ba8 

JISU,? 

3 I P l ,  b 

I15b,5 

16b I13  

1541.4 

1470.0 

13b8.8 



SLIP 

R . F I  

r,u2 

R,PII 

R.Pb 

R . A I  

@ . l a  

H, 12 

11,1(1 

14,lb 

0.1e 

P.2R 

u.25 

M.18 

e.15 

u.ue 

R , Y S  

0.5P 

8.55 

H.bR 

H.65 

*. 78 

U.75 

Haan  

m . n q  

H.PLI 

u.05 

1.PD 

b(* I l L C  1h tP¶T 8ImPLLl22 * *  
~ t a t n t t * ~  lrA*smoRT I ~ n , e - ) c f r  I@* CONCUETE I D ~ * A )  

rx 

8s) 

te8l.r 

1ema.e 

Zba9.a 

f Z a I l r  

1717.1 

Ib'?b*l 

4131.9 

PS2b.Z 

1bb*,9 l a l v  8 65e8@,8 LOIO 8 5 0 b , l  VCL a 3r,n Mrr. 

r ~ z z .  i 

l7 l? .C  *IICCIU 1 l.0 3ULOCU 1 8.5q fib110 1 1 , 0 5  

1678.1 

1blI .O 

(sr6.s 

4a11,I  

8 1 W . l  

O I t . 1  

42l6.# 

~ l Z l r b  

1831.3, 

39a8.1 

3631,6 

Jl(l$.7 

1571.9 

14S1.9 

1165.1 



t t  b-0  FILF  PU 

rv tvb6r  OF f r L f  PU C O R  b RFCOUO~.  

'IIX TOROUE 

I , R P  8 ,  fl 

P , 2 2  2132649 

R.37 37766.2 

11,US 51734.5 

il.6fi 63Sbl . I  

a.69 72987.a 

0.7b 10V4T17 

P.81 01560.5 

P,Ru 92283.9 

p . 8 0  ~ ~ % r , r  

0 , R l  96807. I 

Allb qO71b.U 

R,Ou I f l240505 

8 . 8 3  100815.8 

11,111 IRb71718 

V,79 108536.5 

R. 77 l I R l l l 8 t B  

(1,75 112069.6 

R,73 113861.5 

~,II 115a18.8 

m,h9 l I b U l 9 , 0  

0,110 1 1 5 5 7 0 ~ 8  

I,bh IIRS59.7 

Y+bU lRUbbll.1 

& hZ 88lSb.5 

8 . b ~  7nbzs.h 

0 . 5 1  59950.1 

w r  FILE SI , rcai SICPLLIZ~ 

FlRFSIO4E lRLN8PORT I I0,R.ZAfC ORV CONCRLTL (DANA) 

FX 

@,a 

119b.U 

2REl.1 

Z727,9 

3272.9 

17R8.6 

PLIbZa I 

9537.6 

4532e2 

UbUl.7 TOLV * 190¶8,3 LO40 I 5SJ2.2 VLL a U0,R MPY. 

11bb(1,2 

Pb35e9 MUPEAl 1 0.87 YULOCX 1 0,97 @IT10 * I1S1 

45b71J 

oun2,a 

al87,b 

U20q.5 

118q.O 

aa8m,5 

I t 8 8 .  1 

3894.9 

3885.4 

311'3.6 

3 b l l r 8  

35RB,6 

l l b8 .3  

122OlZ 

1078,7 





SLIP 

A,RR 

* . R 1  

U.04 

P.Rb 

@ , % R  

i ) , I Q  

M.12 

1.111 

Ir, I b  

n . 1 8  

R.ZR 

Re25 

I. JR 

i). JS 

8,UR 

d.45 

n,sa 

h.5q 

L,bR 

P,b5 

d.78 

ki.79 

8.88 

n.85 

d . 7 8  

e , v T  

I I P P  

sr r.0 f ILL 83 

rVERrGE OF FILE 13  ?OR b nECOnO8. 

H U I  TPROUC 

R,RR 8.0 

7,ZS 11914ab 

8,111 20911101 

(l,b2 2850211 

R,?U 34463.5 

0,aU IPBY0.6 

1,01 PlY71.5 

8 - 9 5  4 1 5 1 0 ~ 1  

0.97 5 0 l 8 b * 5  

a.98 5zaim. 1 

@,(I 521tz*2  

I,OU r jYbZl, l  

L,QR 5b31'1.f 

R.68 5166leZ 

M.84 58637,b 

R,R0 5P588.3 

8.83 bOb5J.O 

P ~ 8 1  61829.1 

R , L R  65t58.2 

8.18 b412Qrb 

1 ,  17 bbl5l .2 

R.lb 67RlI,R 

U,7b bS77I.b 

8.75 30931. I 

0.75 5011ORel 

a,7m JVIZ8.b 

a,  b7 Z7bPS.R 

TOAV 8 zIbP%@ L o l o  8 282I.z VcL a b#.@ **Y. 

MUCLAK * 9.98 WULOCU 8 0.67 RATtO 8 1.118 

F l R L I I O N E  TRANSPORT I  IB,B.2B/C OIV CONCRCTE (DANA) 
.-..I.....-...........-.-I..m.....-.....-...----.-l...~.....-........-.--..~..-....-.--**-*..--*-..- 

I I .  I  
1 I 
I . I 

I  
1 t I 
1 b 1 
I * I  
1 . I  
I I 

r ! * I I 
U 1 * I  
X I  * * I 

1. . * *  -1  
1 . * 1 

1 I 
I I I 
1 I  

; I 

I  
1 I 
1 1 
I 1 
I 1 
1 I 

1. = 1 
1 I  
I * I  
1 I  
I 1 
I I 
1 I  
1 I 
1 I  
1 t 
1 I  
I  I 
I I 
1.r - 1  
1 I  
I 1 
1 I 
1 1 
T I 
1 I 
I 1 
1 I 

I 1 
1 I  

1 ... ! -.........*.....*.-....,.I...I.I..I............. ~...............---..-...I--..---..-..-..-.-..---= 





SLIP 

U. AP 

# r i l l  

U.OP 

0.81 

0,88 

81 1m 

8.12 

n,la 

0.11 

B.1b 

8.28 

8,2J 

@ , 3 R  

8.35 

@.UR 

R, 45 

0,SB 

A.55 

do60 

8 , h S  

B.7P 

81 75 

R 4 8 R  

8.85 

Il.98 

0.95 

l l 8 R  

**  1.0 FlLE 15 

85 FOR J RECOPOS, 

TOROUC 

38917.5 

5BPbU.E 

b(LS7l.0 

OO*flrO 

93733.S 

lBJ8Sl.O 

11159**2 

117O11.2 

12lSL7,b 

l ~ P z l a , s  

1282LS.3 

131188e7 

1 3 3 1 q I ~ b  

13IRb319 

13787'1.7 

130711.0 

1390bb.1 

lI05b8.7 

1b132P.I 

I42Z8b.l 

l42303.1 

l I lOb3.# 

127938r3 

l lU*q50R 

lSe7SBe4 

05199.8 

NCW FILE 3 1 1  1111 SAMPLLII~ n n  

flRLITONE 11ANIPORT I 1@~0.2@/? O R V  CONClLTE (DANA) 

fX 

10AV 8 bS188,B LOAD 8 V B l q , 3  YLC 4111 MCW. 

MUPIAN 8 # , II  WULOCK r @,st 1 1 i t o  a i r r b  

IIRCIIONE lUANSIORT I 10,B*ZBl? DRY CONFICTC (OAUAI ......................... .......................................................................... 
I 
I 

I 

1 
1 

1 
I 

1 
I 

1 
I 

I 
I 

I 
I 

1 ! 



s L l r  

11.1111 

P,P? 

8.84 

U.Pb 

P,YC 

V . I I l  

u .12 

4 - 1 4  

P . 1 b  

P e l #  

P . u  

0.25 

P.IF 

C.JS 

r. UP 

rl .  9% 

P. 50 

e.55 

i l 0 6 l  

8 .05  

r . 7P  

11.73 

I l . R R  

11.65 

P , O C  

C.PT 

1.v 

/%,'&%/of L o J L e y  
Run 8 ~ 7  



1. A-o FILC or 

A V C R l G L  OF FILE 89 ?OR b UCCOUOI, 

SLIP I U X  TORPUD 

BlOB R,#B 8. B 

B.Ba a,20 1 9 4 7 0 ~  I 

B.80 8*36 173881 1 

0.Ub Rlb9 5t101.1 

0.aa 8.11 ~ ~ 1 a . 1  

8.10 81 bd 7178la 1 

01 IC R,74 18I@¶11 

f l .1~  9,118 6b11t17 

Balb Aeb1 99bb11.b 

0 1  I 8  R.05 9 U S l S ~ 7  

8.2P 8.86 qb667eS 

8.25 0.85 9911I.1 

0.30 R184 t f l l S l I ~ S  

e , n  n , a a  ta39~4,6  

8.YR 8181 IIb119eV 

B I U ~  8.79 1 0 7 b ~ b r l  

815% U S  76 19116101 

8.55 m n  76 I186lB1J 

#.be A.75 111137,S 

B,bS R,13 111188.8 

8.7R 1.71 115111a1 

8 . 1 5  9.69 111191.5 

11.88 0.67 l l l l O I v 8  

0,85 @ # b 5  11117118 

A191 P1b1 89584,2 

0.09 8 r l P  75552.d 

1.08 R,5h b 0 2 1 1 ~ 1  

Nth PILL 3 2  1 ? E l l  8AMILClII  ** 
I R C T O C  A I I ORV co~encrt  (01~11 

LX 

0.0 . 
1017.1 

I t ra .8  

1711.8 

11J11b 

1641.1 

b e l l 0 7  

UtT#.Z 

a 4 J l r 0  

b551,V TDAY 1 60191.7 LOAD a 1b11.8 VIL a O I , l  YCI.  

4173.4 

4'14a.i MUPCAII P I.M MULOCI . 1.5b RATIO rn I,SI 

FIRESlOhE T R l N l P O R T  I IR,B*PBI? DRY CONCRETE (DANA) 
1.R ........................................... ---~..-l".......--..*-.-....-"*l..,.*"-...*-.-...m-..... 

1 I 
1 I 
I I 
! I 
1 



, l , n e  L O Y G I ~ U O I M I L  SLI* I I I ~ . I R  



GnriCYEA?, SPPER ; i I  1 13,00 x 20/F, DKIA CVIlCSETE 



NCU FILL 22 ' 1111 I A W L E L O ~  *. 
OOOOlCAl lUCZR WI.MILEI lU ,O=l l lC  O I V  CIINCIETC (DANA) 

CX 

0,9 . 
4 n . b  

8119.8 

l318.8 

1178.2 

1111,7 

1742.1 

3111.1 

I 4 8 I . l  

17111.0 T P I V  8 81143.8 LOAD I S1110.1 VLL s 1.8 W W .  

3184.9 

43q7.e MUCC4K 1 9 . 9 1  MULOCI 1 0 . 8 1  R A l l O  I 181s 

4661.2 

411*,1 

4111.4 

kb8b94 

47b6a7 

4711.2 

4661*1 

1b88e1 

l l l a . a  

8 4 * I , l  

483J.1 

I l 7 4 .  I 

4514.1 

IlaZ.7 

4168.8 



**  A-0 ClLE 65 

I v C 9 I b F  OF F I L L  b5 FOR b ' < C O r 0 ~ ,  

*I11 T O l O U I  

I, LP 8.m 

* , I 6  l b l 8 8 . l  

P.34 2CbI6.5 

R.YR P11b2.a 

P.51 53I7O.b 

R. 60 b2R531b 

0 * 6 Q  L I *11 .b  

R.76 lb(LP1,O 

R. 82 D I I V I .  J 

L . l b  8 b L I 2 1 8  

e . m  Pnmem.P 

@.ox 9 5 1 ~ 1 , ~  

r .o5  c s r j r , 5  

0.95 IIV51E.1 

8 .95  111?*b*2  

# . O D  l e 2 P l l l l  

v.03 1 r 1 5 i t , ?  

R,P2 q ~ l 4 8 . 5  

P,VU 0 1 1 S 1 1  

P.RP *1*5qrR 

8 , n i  V205S.7 

P,Cb P8?*1.8 

P,IU c.ai5m, 8 

R,83 4 b 1 1 1 0 3  

P,OI 8U539.b 

* .OR 8ZRb¶. I 

P.7)  ?'lI43.b 



S L l P  

8, B l l  

0.01 

0.84 

0.Bb 

0,08 

8.10 

0.12 

8114 

0.16 

8.18 

0.20 

@.as 

8 .30  

9.35 

8.40 

a.45 

D , 5 P  

0.5s 

a . b a  

0.69 

B.78 

0,l 'J 

0.BB 

8.83 

0 , P Q  

8.95 

!.En 

** L.0 ?ILL bb 

66 raa 7 a r c a ~ o s .  

lORPUl l  

0.1 

I V l I I . 4  

3114*,5 

4b394, 1 

17163,b 

b7188,l 

7Ibbba 3 

83¶99,8 

. 110ZbS~7 

VIZ7L.A 

V'IO7D.l 

0 8 5 5 8 ~ 7  

1111b818 

IO3Ahlrl  

18S107,Z 

18b785+1 

181VI1a14 

101951a0 

l#*b10.9 

I49bI Ieb  

t l l ? b l . b  

I 

HEY r l ~ g  14 t c 8 i  I A M P L E I ~ ~  *a  

GOOOVLIR l U P F l  H l * M I L C R  11.9~1111 OIV CONCRCTC IDAMA) 

?I 

011 ' 

1151.1 

175h.1 

Z017a1 

Z ~ b l . 7  

1411.7 

1811.1 

aZsbl8 

441S.b 

Ab17,1 TOAV a 11919.1 LOAD S11b01 VIL # 28,0 UP*, 

4bVV1b 

~ ~ 1 8 . 9  MU~CAI  8 n,tr VULQLK s O,T# RATIO r 

4b87.8 

4bZ¶e¶ 

rss2.z 

1413.1 

4tv4.5 

4Jl7 , I  

614l.J 

4 l l l r 7  

4112.1 

411b.1 

lV49.1 

1am,o 

118q65 

J7E7.b 

1611.b 





I 
NEW I I L E  2b l C S 1  8AMClLlII ** 

OOOOVIAR SUPER HI-MILCR 10,1*1ll? DRY CONCRLTK ( D h N I )  

PX 

8.8 ' 

11¶1*6 

1913.6 

Zb41,l 

317brl 

3bEbu8 

lQ14,J 

11111.4 

4419,) 

ossq, 1 

051104 

aba0.s 

4Y11.4 

4qc117 

434911 

4141.0 

414813 

4Obl.l 

lq01.1 

S895.7 

IIOb,J 

3711a1 

JbI0.5 

JY'VsI 

1418.1 

3JaI.S 

3zls.a 

GOODYEIR dUPLR PI*MlLER 1#,8-28/? DRY CONCRETE (DANA) 
1 . R  .............................. ~ ~ . . - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I L ~ L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ I ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ W ~ ~  

I r 
1 I 
I I 
1 I 
I I 
I * I 
1 . . a I 
I . * I 

M 1 * 1 I 
II I * * I 
X I  * I 

I. I - *  - I  
I * 1 
I * I 
1 t I 
I . * I 
I * I 
r . I 
1 * 
I I I 
I I 
I 1 
I I 
I. .I  
1 r 1 
! I 
I I 
1 I 
r I 
I I 
I * I 
r I 
I I 
1 I 
I I 
I I 

FZ * 5 4 2 1 , A  VEL * UR,P *ULOCI . B.62 M U P C I K  I #,a7 R I T I O  s 1.01 A.0 FILL  71 *bCILE 1b  Sb**lL 111 



a *  b-0 F t L E  11 

I V Z R ~ G C  o f  C I L C  ? a  rna r arcowo6. 

MU1 l O l 0 U C  

1,1111 C. a 

8 1  I 4  10*51,? 

*,S1 lS f ib l . 2  

I , Y b  511134.1 

11.57 b l * b 2 0 1  

n,b* 11a8o.z 

8.13 7 * l 7 7 . l  

P.70 *0103.b 

m18Z OI lOl .  I 

n,nb * t 8 Z ? .  8 

P , * 5  VbqS*.Z 

VTT31.3 

A,10  I I C L I # , Z  

8 . 8 3  1*1VSi.1 

#,(I1 lP313S . R  

a , # *  1ObllT.b 

a . 7 ~  1as1zs.s 

a,77 l(1bJ11.1 

1 ~ 7 1  107?3b.V 

@,T3 I(I*153. b 

I 1 7 1  llOllS7.Q 

R,lR l l R > b @ , l  

R,hO ! * 8 * * h  I 

R,LI I ~ Z I ~ P . ~  

0.61 PR2la.L 

11.611 7br32.3 

P,97 bPT7I,8 



r* A m 0  F I L E  5 1  

AVERAGE flF l l L L  $7 FOR 7 RCCOROI ,  

HUX TORQUE 

R,RB R e 0  

R,33 1SSlY.5 

R.51 2188I.B 

M.63 2 0 8 3 7 ~  I 

Rl lb  341115, P 

a - 0 6  38bq3-8 

8.94 uI8lZ.C 

1,ae  PIB BE. I 

1 - 0 4  4741P.I 

1.Ab l9598.P 

1.05 5144 te4  

1.82 5UbUqeS 

I.RR s ~ z 3 3 . a  

R,9b 5OYbZa J 

0.93 b l I b 4 1 9  

8,PI b3bbb,3 

9 , 8 0  b 5 3 8 1 ~ 4  

0,dl  b789813 

0.8b b I l S 0 . l  

8.84 78bbq.I 

R,81 72111e3 

l , d l  73852.b 

B , l l  72213m7 

R,d8 6574104  

a, 7.9 5smbs,b 

e l l ?  1318111 

0.7b 38@1T19 

GOODYEAR SUPER Y1-HILEI IR,B.ZBI? D I V  CONCRCTE (DANA) 
1.2 .......-.....w...........I-...*..........*........ ~.......................w[*...........*.....-...-. 

1 
I 

I 

I 
I 

I 
I 

I 
I 

I 
I . * 

L 
I 

I . I 
1 I 

* I . I 
11 r 

t 
I 

x r I 
I. * .I 
1 
I * 

* I 
* * 

1 
I 

t t 

I 
I 

e I 

I 
I * I . I 

I * 
r 
I 

I 

I 
I 
I 

I t 
I 

I 
1 

I. .I 
1 
1 

I 

I 
1 
I 

I .  
r 

I 

1 
I 

r 
I 

r I 
I 
I 

I 

1 
I 
I 

1 .  r 
I- - I 
I 
1 

I 

I 
I 

1 
I 

r 
I 

1 
1 

1 
I 

1 
I 

1 
I 
I 

I 
I 

! 
I 

u........................ ............................................................................. 

L.PB LflNQITUOYNAL SLIP I A R , R Q  



T o A v  a b4WZ.P  LOAD 55Zb18  V E L  8 I?.@ r P r ,  

*UPEAR = # . o r  ruLncr I 11.61 BATTO a 1 . 4 1  



a* 4.0 FILL sv NCY F I L L  2 8 '  TEE7 SA*PLEIB¶ * I  

AVFRAGC OF FILL 51 FOR U RECORDS, OODDYEAR 1UPCR HI.*ILER 1818*?81F 011 CONCRCTL (DAN11 

GOODYEAR SUPER HI-MILEI Ig10m20/F O R V  CUNCRLTE [DANA1 
I , P  ......................... ........................................................................... 

1 
1 

I 
I 

I 
I 

1 

x 
I 

I 
I 
1 

I 
I 

I 
I 

H 1 I 
u 1 I 
X I  . " I . *  

1 I 
I 

1. -1 
1 
1 t 

I I 
I I 

I * I 
1 
I 

I I I 
I 
I t 

a 1 

I 
I I 

I 
I I 

I 
I 
1 

a 1 
* I 

I a 
I. = I  . I 
1 

I 
1 

i 
1 

I 
I 

E,P . -.-----------.-------..I IIIII..........-.-.-...-~-.-.-.-....-------.-.-.-~.--....-.--.-.-...-----. 
8.PP LONGITUDINAL BLIP IOO,llL! 

$ 2  * RV59,Z YEL i P A , @  MllLPCK I (I.53 uUPLbK m 8-79  R I Y I O  . 1.48 4.0 ?!LC SV N N I I L L  aB SIMPLE IBS 





**  A-0 FILL b l  

b3 FOR 7 RCCOROI, 

TOROUL 

0,B 

21179,l 

JI I81.1 

52914~Y 

bV034,t 

146B2,I 

O l l J 8 ~ 9  

8bbBO.Y 

911b2,l 

911700.2 

96855,U 

188809,b 

103b921b 

I f l S 7 9 I ~ b  

IBT509,I 

1088I3nD 

lIEflb6,S 

11113J,.3 

I l Z 1 1 l l l  

113P91.2 

l l l l n 5 n l  

l 1 3 1 7 8 ~ 1  

19059¶,9 

108131,S 

69bIAe4 

17371,R 

bPl941Y 

n ~ n  FILE 21 ICH tAMILel0b *a  

QOODVEIR SUPER HI-MILEI IO,#-18/F 011 CONCRCTE IDANA) 

I N  

0.a. 

I 0 b l l U  

t(191.1 

tbOb. I 

3186,d 

JbbI10  

1 0 l l l S  

U2880 1 

aau.7 

45bI18 

461115 

4bC9,B 

asb1.b 

P411,l 

4JPI,V 

4381,S 

4211.5 

4131,s 

11110.0 

J91T,8 

3852,5 

1751,Z 

3bbS13 

1511.2 

34bBa7 

3341,b 

l228.2 

T D I V  8 b I I W , b  Lob0 5431.9 VCL S OR,# MPY, 

MUPEAR 8 0,01 MULOCW 8 @,hi RATIO 8 1-81 

G O O D Y E I Y  SUPER HI-MlLLR 1g,%.t8/? DRY CONCRLTt (DANA) 
!,A .-....... .............................................................................................. 

I I 



I 
1 

I 
I 

I I 
r,q ........................ $.iiiiiiii.....* 

R , P I  LO*511UOlh~L  SL IP  l P I . P W  





I 
&EN FILE 159 TCSI  SIWLLIIS t*  

IlRLSTONE IRAN8POIT I I 0 , f l . Z ~ l r  DRY ASP~ALT ( T I C 1  

? Y 

0.0 ' 

7)b.l 

1191.8 

lYOb13 

1819.1 

2ZSb.b 

1617.7 

2995.7 

3as9,9 

3 4 9 3 ~ 5  TBAV 915bZ,S L O I D  8 5473.8 VCL 8 319 MCM, 

311qm1 

4281.8 NUPtAI 8 P.q@ #ULOcK 8 @ ; I S  R A l I O  8 !,fib 

(1592.Z 

4hOZ.4 

w a a , ?  

47Z8.8 

4715,V 

l C 9 I l l  

4bb4.P 

463S.4 

4b@I.Y 

411Tl.9 

O S P P ,  I 

4 5 t l l L  

488 la3  

4047.b 

4111m2 

1 
1 8 8 * 1 .  1 

a t . .  I 
I * * .  

1 
I 
I 

4.v~ LDNOIIUUINhL SLIP 1E(l,R'd 



** A-0 F I L L  13 

I V t O I G t  nf F I L E  7 1  f n U  h I E C O Q R S .  

* O K  loao(rf 

L.J*  4.8 

P.119 IP28I.I 

R.11 2925L.3 

A 6 2 7  32fl81.1 

P , 3 d  aLllleb 

@ , U C  5Y136.8 

P,Sl b1866.1 

R.65 12PIV.1 

P B T L  lP85V.R 

m.L8 IbZPS15 

8.11 OLSb7.S 

Q,?8 *hb7haI 

#.*I I P I T ~ Z I Z  

n,*z 1 ~ 3 7 - s ~ ~  

n.91 IUbY5L.2 

R.VI 10182Z.2 

@.Pa IIlJ*b.P 

n.nv 1121J'lrl 

#,a7 I ~ V * ~ I . L  

*.85 18S*S1,8 

~ . n a  t02etr.b 

m.82 961S1,P 

8 , I R  qU(152.6 

a , ~  91rre.1 

P.11 17hVI,b 

a,ls ~ ~ Z J Z , M  

@ , ? I  I7bbb.l 

1 
1 

I 
I ........................... ~...11.-..~.....I.I..........~...1......1.............~.........I.I.I....I..... 

R . P $ '  L n C N T U D I * I L  SLIP llbP,LP 



a t  4-0 FILE 7 4  

AVCRI6E OF F ILE  14 FOR h RECORDS. 

HUX TOROUE 

O,AP B18 

R.18 2860ba1 

a,)> 3567511 

R,Ub UP3301 b 

0,3b b04b7,? 

8 , b s  l e l s 5 . 3  

8,IU 11117,4 

R,O@ 85592. 1 

R.05 91256,5 

R . I 8  95150.5 

R.98 98@09,5 

181984,1 

R.QE I R P l l ' I t R  

R,PZ IBb127.7 

R.91 1 0 8 7 1 5 ~ 7  

a,AP I 10bPEt2  

P.80 112803.8 

8.8b 1 f S 1 1 7 ~ 1  

a,tw I l b850 ,b  

8.88 l l b S I I 1 4  

9,PP 113183*1 

a, 18 Ifl75IA.P 

Q,?b 188561.3 

#,?a 93369m8 

 TI 81vb1.11 

P,bP 1l'JbS.R 

R,hb L P l E l l z  

MEN P I L E  141 TEOT IA*PlEIHS ** 
f I ~ C 1 t O N C  IRAYIPOR1 1 18,8-20/F DRY bBPYAL1 (TRCI 

FX 

8.8 ' 

1991.2 

198210 

2071.1 

J l l l r l  

3Pb7,J 

1lJc)O.V 

aasz, I 

451518 

1608.1 TQAY * bV191,2 LOID a J5EB.B VLC a 2A,B *pH. 

4765.6 

I I J h B  MUPIAM I 8.PE YULOCK m I.bb R A l I D  a 1.4% 

P81T.B 

11#%.1 

1766.2 

4670.3 

411br3 

411s.1 

440 .1  

4 3 1 1 ~ 1  

421L.I 

1991.1 

3919.V 

3ISh.6 

3732.3 

3603 .B 

3166.1 

F19ESlnNE TRANSPORT 1 11.0.20/f PRY I8PHALT (TRCI 
1.P .................................................................................................... 

I I 
I I 
r I 
I . * .  I 
r I I I 
r t * I 
I . * I 
! * I 

" I * I 
I1 I * . I 
Y r a 1 

I. a = 1 
! b I 
! * 1 
! * 1 
I I 
I t 
r I 
! 1 
I .  I 
! I 



SLIP 

P.RP 

C.@Z 

B. PO 

Cl.Ub 

d.RR 

fl.1n 

8, I 2  

J.18 

P , l b  

a.18 

8.28 

8.25 

R.3a 

H, J5 

P . Y P  

1v.n5 

Q.SL 

s.55 

a, bll 

@,a5 

H.7P 

kI.13 

P I F .  

B.85 

J.PR 

P.PS 

1.RA 

** b-3 F I L E  75 

rvtnrcr or rfLc 75 rna A ? Z ~ O I D S ,  

MU t 10VGUC 

L, PR 8.n 

# , I#  I A I I L , ~  

8 ,  JS 3128e.5 

R.48 S l 8 l n . q  

Q,3* 63332.7 

U , ~ R  12qae.z 

F115 8RZbhf l  

llm't 8b623.fl 

p . 1 5  r ~ f i s 1 . 1  

8.88 ocl7ql.l 

P .  O R  q 1 2 0 3 . a  

P, R q  I U l b b b . (  

a,&@ I R I I b I 1  C 

C..l 16rsUa. I 

a e l b  lR1111E7.2 

R . 6 4  116362.4 

P,*3 I l 1 b b l . S  

P.LI  1 0 @ 1 1 . 9  

3 , 7 r  I I ~ T ~ .  I 

1.17 I l b 8 P I l l  

n.75 11)*fin.7 

0 .13  1 W 5 7 2 r I  

6.71 1*2111,h 

* . b b  q3523*?  

n.66 8 O 8 l l r f  

P , b u  7Bj41,J 

a , b l  63&b?*5  





.* r-0 FILL tu 

AVERAGE OF F I L E  18 f01 6 RECORDS. 

S L I P  MUX ?OROUL 

6.08 R,00 0. 0 

6.82 (r.17 IbI0Y.R 

a , ~ u  a*  32 3288l.b 

cf,irb A.U5  I6Sllmb 

L ~ . H O  a.55 57867r0 

a.10 0,bU 67lll.b 

8112 8,71 7S3U¶,0 

*,I0 I . 8 8  121191'1 

~ , t b  ~1.85 a4zui1.8 

0, I 8  R,PB 9JIZY.J 

d .20  e.91 qb68le 1 

E.25 3.96 10251b.8 

ki.311 4,OE IWbOb.8 

U . 3 5  A,98 lR92b411 

*,I48 0197 llllPSe4 

4.45 R,9b 1133111.b 

8.5R A.94 115212,P 

U.55 R,93 l1715i17 

0. bC # , @ I  1IqZBI.8 

2.69 a,nv 1ivaq8.7 

n. ?a F.87 11173q~Z 

4.75 II,I)U Il2blR~U 

P,8R P,82 lR5115tll 

8,115 #,I* PI986.U 

#,OR A,77 982411.1 

C , 9 5  8,711 61711~1 

i.ar 8.71 la1a7.s 

lDAV 121b7,S LOAO 8 55I9,S VCL m 29,D IPY .  

*UCCAI 8 9.98 MULOCI W 9.71 RATIO S I.18 

GOOOVtlR SUPPU *I-HILLR 1u,0.211t DRY A8PWbLT ( T I C )  
1 .a  ........................~~.-.-.....I.....I.I.II.I.. .................................................. 

I I a 1 
1 . . I 
1 a I . I I 
1 a * 1 
I I I 
1 L 8 1 
1 I I 
! 8 I 

: ; I a I 
I ;. 1 -1 

* I 
I a I 
1 1 

i I 
I 

I 1 I 
I 1 
1 I 
! 1 
! . a 
I 1 
I. .I 
I I 
I I 
1 I 
! 1 
[ 1 
I I 
1 I 
1 I 
1 * I 
I I 
: I 
I I 
! - -1 
! 1 
I I 
I 1 
! ' I 
1 1 
I I 
I I 
I 1 
1 1 
7 1 
1 I 

fl.8 r ....................... ........................................................................... 



lbY1.b 

2111.1 

1S88.P 

l R 8 l . A  

S l l S . 1  

b I b 4 s b  

1bb8.1 

1 8 9 b . l  181v r bO(b.7 LO40 8 16bS. l  VCL 0 10.1 WPM; 

b * * ~ , l  

sob? a I #@CAR 8 UULMR 1;bf RATIO 8 l s 6 8  

5 0 5 1 1 9  

b**1.1 

b*8*; a 

1a11.4 

1Tab.a 

b1*1 a 1  

4 1 1 7 ~ 7  

blb5.b 

4 1 1 5 ~ 2  

4 1 b I a b  

4 8 i a . a  

3 8 l b s b  

S l l l . 1  

l ¶ *d .S  

l b b f  1 8  

..... ....... ....... ........ 
L.. . . . .  u..... ..... 



r r  A-0 F I L E  12 

b v f p r o t  nF F I L E  12 F O R  5 3ECOUO8. 

S L I P  'uI 7DROUE 

utt3fl n.rrf! 0.0 

r. 12 8.25 24213.9 

01t+U R.UR 3P92b.b 

6-06 fl.53 53602.8 

~ . n l  4.63 66227.4 

1.10 8.14 7 b 7 5 3 ~ 7  

*. I2 8.41 81S7E1 1 

P.10 R,Cb 9186119 

8.16 P,PP 95650. I 

1 . 1 8  Pa91  98988. I 

I.LR P , 9 S  IflI0S8.1 

0.25 P, 06 1BUdS4q2 

?I 38 l r 9 5  1 8 7 5 0 1 ~ 2  

8.35 a , ~ u  1 1 8 1 6 6 ~ 9  

$ . U R  R,P2 L12241.6 

8.45 P.9U Il31l9,U 

1.50 8.18 IlUb3P.Z 

M,55 R,Dh 11S197.2 

6.6R R.83 l157Yl18 

R,b* RaOI I Ib l l3 .2  

U . 7 A  P.70 Ilb53P10 

a.79 @ , I 6  I IIRB8,U 

P,BR R,7$ IR9lBl.P 

* , P 5  n.71 IR0LIZ,3 

d.9F I. hO 88101,P 

a.95 ~ , b b  15915.4 

I . d R  0 ,  b3 b172S10 

NEM FILE I I V  1 TEST u a r L E  1 *r 

C O O O V C I R  SUPER RI=*ILLR IR,B-LOIF DRV ASPMALT ( I R C I  

?I 

a.m . 
1311.1 

2105.9 

27*1. I 

SU91,b 

J I I b a 2  

P2qP.V 

4577, J 

P715,U 

481810 

UV42rO 

aq1112 

Uq(11, I 

4 8 1 7 ~ 1  

4 1 1 1 ~ b  

4489.1 

I 4 I b a  I 

43')L.I 

42114.2 

PIlII,b 

4lb1.5 

lPPO.1 

l & I I , Z  

170408 

3513, U 

3EI8,P 

32PI.S 



kb'EIAGC PC F I L E  

nllx 

II.R.4 

n. 19 

n . 3 1  

P . 4 2  

8.53 

R.67 

n.77  

11,115 

m,01 

R.PU 

R . P h  

P , P 1  

R.9. 

@ , O i l  

r .w 

R.IQ 

@..I3 

R . I U  

P . R I  

H, 79 

n.77 

4 - 7 5  

' . I 3  

l r a ? l  

*. 0 9  

u . 4 1  

n.65 





SLIP  

P,#r 

V . 8 2  

P.au 

8.Pb 

n. 64 

A . l *  

P , l ?  

R.  I U  

E * I h  

@ , I 8  

V.ZF 

P.25 

* , )a  

Y . 3 5  

?,UP 

n.45 

2. sr 

a.55 

1'. bP 

F. 65 

Q. l P  

8.75 

e.8e 

r.O 

@ . O P  

8195  

1.811 



* *  1.D FILL 19 

AVERAGZ n? FILE I Q  FOR 6 aecnaoa, 

NU X TOROUE 

R.AR R , R  

RnIU 20131.3 

P.L~ aummq.~ 

0,3? bSUS0,O 

0,U7 88flI519 

8.Sb PbYbb12 

0.66 IlE'JB211 

Ball 122026.5 

8.71 1318i18ab 

P,OR i31920,~ 

0.83 10220S18 

R.05 1487@3,3 

M.85 153211,V 

R.85 15637102 

Ball 1'10576.b 

F102 lbP216,l 

@,ell lbI89bs6 

R.78 Ib3461,V 

P.lb 1b504#,8 

#,I3 t b595P. 2 

B e l l  lb4798.S 

U,bP 150572.3 

gab1 140145~5 

a,bU 13Sb31,b 

A,bP IE83Plr4 

P.59 IRU111.5 

8.56 81937.5 

NEW FTLL 123 1 It11 SAMPLE I2 a* 

GOOOVCbR SUPER HI-MILER 10,8.1#/C D R Y  UPWLLT ( T I C 1  

C X 

0.0 . 
115Ve1 

ZZ7b.l 

126Re4 

PIQI.3 

Ul5l.l 

3511.q 

bl70.7 

bUV0, s 
61~e.s TQAV 1 00937,5 LOAD I 8920.1 VEL . ua.0 urn, 

6932.1 

1015.1 MUPCAK 6 , ~  M U L O C ~  a a.sr ariro  st 

?SO*,V 

b914.1 

b858rb 

b119.2 

b5b1.4 

b391.1 

6238.7 

b068.5 

5*114.S 

5131, I 

55'11.7 

5Sb5.T 

5164.3 

495119 

170511 

f z  a 8 q l R . u  VFL * 11D.m *I ILOC. M.Yb MUBEAK 8 8.85 RAtlO S 1452 8.0 FILL 19 N I I I I L C  121 SIrlCLL 12 



I *  1 - 0  *(LC I ?  

I V C R I S E  Or f1Lf I1 FOR b * C C O * O ~ I  

* U I  loweuc 

0,MH 

a , z i  I V ~ ~ Z , Q  

I. $9 3511#,5 

01.19 5**8I1b 

11.61 bI?@b.b 

@ , ? I  l U ( l l * , l  

11.19 121b811 

P.Ob Db71S.1 

#,1U 9YI44,O 

t , Q 1  V814b1S 

R.05 I C(lb71, I 

P , I S  11b81S,? 

n , e s  I ~ ~ I O L I . ~  

A..4 I l I 1 1 8 , ?  

a . r t  I I Z Z B I I S  

8.09 1 l 3 0 7 5 , t  

.'.*7 lL5Z?O,~ 

p.85 116lul .Z  

1 .13  111911.8 

P,Ol l l7035 .1  

F,?1 I1?183.* 

9.77 111)711,S 

R a t 5  IC13bba1 

73 lRDIPllI 

n.1n 00*11,* 

* .c8  1638b. l  

2 , h b  b3125.1 

41S1.8 T O I V  a 611?$.@ 1010 s SZ18,l VEL s aP,R *LU. 

18MJ.d 



* *  A.0 l l L E  Zfl 

Z Q  FOR b RECOIO8. 

TOROUC 

Re P 

23B20.2 

Idbl4.b 

51301.1 

64bU711 

7S38ba9 

IU5qba J 

q 1 4 a i l l  

914b1.1 

1811511P.l 

IOl19'). I 

Ifl415S.P 

l II98* .1  

IIVbSIeb 

11b540.4 

l I 8 0 1 4 , ~  

l l9333 .0  

IZPblI.( 

121915m6 

LlJ24l . l  

123621.V 

L Z I R l l . ~  

llU65819 

103436.2 

98594.8 

lb7P0,B 

61416.7 





F I  RESTKIE T?PiiSPO?T 1, l i i ,00  x 23/F, T R C  CO;ICR.CTE 



L u ' ~  

O W ' W  

bu'm 

d b ' 6  

mb'm 

I b ' b  

Zb'd 

16 'M  

n b ' &  

s 6 ' e  

Sb'6 

9 6 ' P  

9 b ' @  

Pb 'a  

D b ' d  

kib'd 

zu'm 

PL 'd  

1 1 ' 6  

1 9 ' 1  

RV'd 

2S'a 

Zl'B 

Z S ' B  

12'. 

I l ' u  

011'b 

XllU 

3111 10 39113L1  



1471.8 l O 1 V  I 6 I b D I , O  LOAD S 5183-b VLL 8 1I.I WU, 





QCV ~ r ~ r  151 TCIT 8bMCLLlSS *. 
?IRfITOUC llANbPO@T 1 I f iq#-28 I?  DIV COkCRCTC (TIC) 

rx 

I,# . 
)*I 0 8 

1oaI.b 

21b1;.1 

l l b I . 1  

9bT9,l  

0 6 1 ,  t 

l l f 1 . 1  

1121.6 

8 r b r . l  1011 a blDb1.S Lob0 a 5115.7 VLL a 3 I ,8  I C Y .  

4b91.b 

1711.5 MU?EAU I B.88 MULOCK S 1eh1  RATIO I 1.13 

ab* l rS  

rbre .3  

1571.2 

11*1.* 

@ 1 8 l r I  

I I # ~ . O  

1117.5 

a l a b r l  

111S1,l 2 

3939. b 

3 I t 8 . 1  

1?@0,1 

3IbS.b 

iris, 1 

I P 7 6 , Z  



SLIP 

B,aA 

B,U8 

0.84 

B.Bb 

B.81 

Id. 18 

0.12 

P . 1 4  

a.16 

8.18 

0 , P  

a.zs 

U.3P 

d.35 

8.411 

0 , U S  

8 ,50  

0.55 

M.68 

P,bS 

8.7P 

*,I5 

0,8@ 

0.85 

d . Q A  

8.95 

1.ilP 

* r  1.0 F l L E  91 

94 FOP I R C C O R O I .  

TOROUE 

RIA 

2 U l U Z l l  

1b43111 

50113.4 

bl6bE1b 

1115810 

IP05R,a 

dU477.1 

l l lUOI.8 

91563eb 

PU110.R 

99R92.b 

l R 2 5 3 2 ~ 6  

lRS2Sd18 

lA74dQna  

1RVQUI.l 

l I ZBBAt5  

11392115 

115'154r2 

11110b,1 

117 l18 .2  

l lYb2b.3 

10882b.8 

OIJUll.5 

~ 5 1 8 7 . 3  

72518,b 

5Q27A18 

f IPE I I f lNL  IRANSPORI I lB.a.18fF DRY CONCRETL (?PC) 
1.0 ..............*+......... ........................................................................... 

I 
1  1 

I 
! 





~ D L V  a IRIHR,R L O A D  m t1u7,r vfL r um.8 rpu. 

YUPEIW 8 R . 9 I  UULOCI 8 0.68 U b 1 1 0  1 1,33 

FIPESTDlF. T Y I N I P O Y T  I !8,0.2B/f DRY CONCUETE I T R C )  
1.8 ........................ -1................ 

1 
I 

1 

I 
1 
! 

1 
I 

I 
* 1 

I 
I . . I  I  ! 

I I * .  
1 

I . I 
I I I 

U I 1 t I 
x 1 I 

1 - I 
* 1 

1 
I  I . I 

I * ! 
I 
! . I 

I 
I 
7 

I 

I 
I 
I 

: 1 
? 1 
1 t I 
1- .I 
I I 
1 
I 

I 

I 
I 
I 

1 I 
I * I 
1 I 

1 
I 1 

I 
I 
I 

I ! 
I I 
I. .I 
1 1 
I * 
1 

1 

I 
I 

I 
I 
! 

7.PW LnNGIIUDINIL SLIP lRR.8P 





?GAY S ¶ l ? ¶ # r #  LOID # 509Zr$  VLL 8 Par# MPY. 

MUPCAK I 8.89 MULOCI 8.59 94110 1,bI 





- U r n €  @a 
A V E R A G E  O F  F I L E  I 2  FOR h RCCOlOS, 

YUX TOROUL 

R,P8 8.8 

8.21 1 1 1 8 9 ~ 0  

A , 4 0  20015.b 

#a95 1h1S1.1 

0.67 S323A. I 

@,79 18115.1 

8 ~ 8 7  4211Y.2 

0193 a56r9.7 

0.98 I P I I 5 , S  

I .01 52308,b 

I .82 S44BI,O 

l lA l  S d l l l , ?  

1.00 b110b.5 

B,P1 bSSh710 

0.05 h5811,S 

A , O 2  b 8 0 8 8 r l  

8.W 7BSSZ15 

8.87 7256V.1 

a.85 108sa.n 

8.84 1h87@,S 

8,82 779P9,S 

9.81 7b71b.0 

0.79 711b7*1 

A. 77 b a l l l e d  

e.74 S I l I h , 2  

U , I I  407bqlS 

R,h8 2913111 

new l l C C  tab 1 Ell I A W L L I I O  u 

rlREEIONC I R I N I P O R T  I IO.B*lE/f DRY A I C M A L I  t m  

F  X 

0.8 . 
515.l  

81911 

l l l l l f  

141(1,3 

1114.8 

191b.8 

Zl(lL!r b 

2011.1 

.?l%ll I D A V  1 I9333.5 L O A D  8 2239,P V C L  8 @ a 0 8  MPU, 

Z l lba? 

217913 WUCIAU a 1.82 MULOCI 0168 W I T 1 0  a 1191 

1151.1 

L l l l a h  

I l b l r  I 

1 H b . 5  

IQPQ,b 

1011.h 

113Y.b 

1 7 V ~ r l  

1712.9 

1711,l  

1h8611 

1h10.8 

15a1.1 

l J I 9 , l  

lilY#*E 



lDAV 8 S 8 5 1 ( , 7  LOAD 1 5 I l B , r  VEL Z I*#( "**, 

UUPFAU s 8.q2 M I J L O C I  m F,Sh 11110 a 1.64 



S L I P  

0.0A 

8.82 

0.01 

R.06 

%.#I 

a. ie 

a, I 2  

0.14 

Ma16 

0. l a  

R.28 

8.25 

0.JA 

in.35 

R.40 

@,a5 

8,511 

0155 

R.bR 

8.bT 

0.7C 

0.79 

cl.80 

0.85 

8.PP 

a.95 

l.R0 

*I A.0 P ILE  8 1  

8 4  FOR b RKCORDI, 

lDRDUC 

816 

1 4 b 1 1 ~ 1  

11130,* 

5IqPI.8 

b l 3 7 7 a 3  

8ea84, s 
91193,S 

100271,8 

1A l l l d .V  

12llPO.O 

1112111.5 

1431193,b 

I Y z l 3 l , q  

lS(1b12.b 

Ib lYb8,2 

Ib lb81 .n  

1 1 1 1 1 1 ~ 6  

1 1 4 ~ 5 7 , s  

l ? b * P V ~  1 

17b112,O 

l l l b 3 8 0 8  

1bI73417 

14712819 

13UIb8.b 

111591+1  

P'iL0.?,9 

8 1 0 3 . 1  

NCI ~ I L E  IUI ' rear ~ A ~ P L E I I Z  II 

I I I L I l D N E  TRANICOLl I 18.0.8OIC DRV A8PMALl (TRC) 

f X  

#,a . 
9(411 

! (B lab  

Zb72,'I 

sa41.1 

40.¶1, I 

4b17.1 

5BlS.0 

547l'f 

bBB5.J 

bZ9 le l l  

6 5 W r 0  

b lZ310  

bl l8.V 

(ibbJ.8 

hss7,r  

bIZ6.I 

b2821# 

b12bnZ 

SVbS.7 

llr5.1 

$b#8,7 

5404.9 

$141.5 

0011,8 

4b*8,4 

Uals.8 

TQAV 8 84813e3 LObD 8 OBdZaI VCL 8 U8.O MCW. 

nu?tAr 8 O,~I  HULOCR rn D,SZ ~ 4 1 1 0  s ~,;b 

A , # #  LONEIlIIOINAL SLIP I A R , R I  

rZ w 9002.1 V C L  a 40,A MULOCU R,32 MUPEAX B 0.81 RATIO 8 l , ¶ b  L-0 F I L E  LO NWIILL lo8 5AWPLE 112 



** b - D  F I L E  71 NL. F I L L  13I 

AVFIICC nr r f ~ ~  11 roc 6 accoaos, C ~ U I S T O N L  T # A N & P O @ ~  I 

"ua Tosnuc r x 

*.UP R.O. 0.p 

n . 2 ~  L ~ ~ P T I  8 1n8b.1 

P.16 3*7V?,8 lqbllb 

0.5R 51147.8 ZIRZ. 1 

Q.bR CSV48.4 3212.2 

P,bO 751111~5 3711.5 

U.75 IaYb2oS OBllrb 

8.80 08361,R 4321.1 

p . 0 4  rssba.~ rslr,c 

R.86 ObbYR,T Pb28-4 

R , C O  ~oros.9 rb51.1 

n , I k  IOZUl*. 3 Eblb+Z 

@ , a 5  1IP118.I 1550.7 

P,OY lRI(II1I.I L47S.l 

P,LS  llT8bl.1 43W.I 

Q . P ?  I RqSII.. b 11*1.5 

P.RO Itpqra.a a2mb.b 

p . 7 8  IIZIIT.L ~ l m t , ~  

..?* IIII**.b (B(l3.9 

e.15 IISB~.I ~ V U ,  I 

8.13 11 bZ12.* 3805.1 

P,lI lI4311.5 IIIP.5 

1.bP In8318.b 3hll.I 

R.bb *(118111* 547h.b 

n . b l  Lbl5b.S SJlq.2 

@.SO 73131a1 3IP8.8 

r.55 3'IIAP.Z ZPIh.2 

T G A V  8 s*teo,z LOAU s ~ae1.r VEL a 4n.e wr. 



IVLRLGC Or F l L L  

nun 

1.18 

Rt18  

B12P 

9,4B 

a,$! 

R ,  b4 

Re74 

8 ,81  

A,85 

8.88 

A189 

0.89 

R.09 

R.88 

A.8b 

C,8P 

8,bZ 

0,68 

A, 77 

R,75 

A.73 

B.71 

#,he 

# , d l  

R,b4 

A.hI 

a,58 

NCY F I L L  145 I Till 8AMCLCIBI * *  
flRL8TONC 1RLN(lCOlT I 10,1-1911 OR7 A8CHAL1 LTRC)  

? X  

8 ,8  . 
979,  b 

I 595 ,b  

228111  

2775,a 

143811  

l P ? l , 8  

P 3 l l . l  

4101.9 

47381  I 

4778.2 

OIb8.1 

4712.b 

4bl8.d 

0YCI.Z 

101b,# 

4 a 9 t . n  

P I * 7 , 1  

4941.1 

1018.1 

l ? r t , u  

3684.0 

391h.Y 

303b,5 

330114 

3 lh * ,h  

10#1,7 

FIDC9TflNC lRIN8PORT 1 10,9*201r ORV L8PYLLT f l I C 1  
1.0 rrrr.....*r.-............~..~........."...........l.....................*..1...........*......*..... 

1 1 
I 
I ! 

a ,ee  LONEITUUIII~L SLIP I@I,~W 

f 7  1 5uq1.q VIL 8 u m , ~  PULOCX s n.58 *UPEAR m e , b l  ~ ~ t l o  a 1.90 4.0 P lLC  8 1  N l r l L C  145 







SLIP 

n.@m 

u.id2 

0.84 

U.Rb 

a.86 

0.10 

0.12 

01 14 

0 , l b  

@ a 1 0  

B l Z B  

0,ZJ 

O . S R  

0.35 

R ,UR 

0.45 

0.sn 

0.55 

U.b@ 

U,bS 

B . 7 R  

4 ,75  

W.8R 

0.45 

R.PR 

a. 45 

I I A R  

38t1.3 T0AV B ITV41,7 L O I D  8 5b1615 VCL 8 J .I  WPM; 

8010.1 



NEW F I L E  IUR l E 8 l  SAMPLtlbl  .0 

TIRCSlONE T P I N S C O R I  1 IR.R.EU/I DRY CONCRETE C T 9 C I  

F l! 

@ ! 8  

l(lb2.1 

2016.8 

382111  

11116,l 

U5T3J19 

5121.9 

I f 4 b , d  

S lbb .2  

b805.2 lOAV * 7b25R.B LO40 1 8932.9 V fL  I 4A.0  MPM. 

b2#J,T 

b]m9 5 MUPEAK # 8.76 WULOCL S @ , O h  R b l l n  l l . 6 5  

b32&.9 

b299.0 

6 2 Z l . l  

b l l V , 4  

5Pl44. b 

58bL.P 

572419  

S172,V 

5411.8 

321P,3 

5RZb.B 

Ul lZ .8  

US1010 

a211.8 

3930.5 

FIRLSlnNT TRlNSVOWl I 10,O.ZBIF D R Y  COUCRCTL ( 1 9 C )  
1.b -.......-...--..--------- I I I I I ~ - - - - - I I I I - - - - ~ - - ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - - - ~ ~ ~ ~ - - - ~ - ~ ~ - ~ - - ~ - ~ ~ ~ ~ ~ - ~ ~ ~ ~  

t 1 
I I 
1 1 
1 I 
1 1 
I I 
I 1 
I 1 





SLlP 

~ I P F S T O N C  T P I N 8 P O R I  I I R , B - Z B I ?  DRV CDNCPEIE (Tee) 
(,'a .........................(........................ .................................................. 

T I 

LONGI1UOINIL SLlP 



*Ch l l L L  157 ILIT 1 ~ ~ ~ ~ 1 5 8  ** 
I I R 0 1 0 U C  I I A Y J I O t l  1 1#,1*J(1/1 011 C O h C l C l L  ( T I C )  

rx . 
01 8 

VlZ,% 

IfJf* , l  

1 S ~ b . S  

Jfi*8.4 

1181.1 

1911.1 

1abb.7 

r r i z . 8  

1 S * T 4 1  t O L V  1 S7119,Z LO10 S1A1.1 VLL I WPM, 

r c n . b  

4b11.1 ~UCCIN n 1.47 U U L O ~ R  s m.16 R A ~ O  s I , % (  



SLIP 

( h , A *  

1,112 

0.64 

elU6 

O . U R  

8 .  I@ 

1. I2 

P.1'1 

a.16 

Q.18 

P . Z R  

u.25 

P , 3 @  

if. 35 

u,nfl 

0.45 

0,5R 

r,55 

8.68 

Y.65 

r l . l a  

0 . 1 5  

d , n *  

,4,R5 

M,PPI 

P,P '  

1,UP 

.t r - 0  FILE la1 

FOR b R E C O Q O S ,  

rnRauf 

8.8 

21228.5 

17141.1 

51947.1 

bUZB0.1 

139Pb10 

dZlBl.1 

88785a1 

938Ul.P 

07581.b 

IAVCS¶.b 

IHUlU1.5 

10119b~1 

IRq(11¶,9 

IllqsZ,E 

1IUU~l.I 

11b920,l 

1192U6,2 

1113Ub15 

122191.5 

l22516.1 

119316.7 

llib64.5 

IR88U1~1 

8b610.8 

l2lUba I 

50229,E 

NEW F I L E  1'61 lE3I S4MlLEl62 a t  

rlacsrouc T Q ~ N ~ C O Q T  I Iv,a.aaIr oav C O N C R E T E  I T R C I  

rx 

913.9 

1783.9 

2516.2 

3lI1,P 

3581,U 

1927.9 

ul8a.s 

P370,S 

44'%5,9 lQ4V a 582a911 LOAD a 5Sab.U VLL a ua,P *pH. 

4518.2 

U578.U MUPEAK I a,86 wuLocr v n,53 * A l I n  s 1,62 





6flr)DYE?S SI.'PER iiI f!ILE?, 10,30 x 2r3/F, TPC CQP1CFiETE 



** 4.0 r r L e  5n 

58 rna a aecoaos, 

TOROUL 

A , #  

t l l V l . 7  

CB720r2 

26532.8 

37I33.7 

Y62Sb.P 

~ 1 7 3 ~ .  a 

68921.7 

68113,P 

NLw FlLC IOb ' TElT SAMCCC 52 ** 
OOODVCAR SUPER HI-MILCR ia.a.2~tr ORV CONCILTE cruel 

r x  

0.P . 
72118 

lOI5.8 

!ars,a 

18b9.V 

221216 

ZbI8.b 

lSDl. 1 

3373.2 

1183.4 TDAV I VISOI.~ LOLO rn 5011.3 VEL r 1.0 urn, 

3*711.2 

~10.8 MUILIII 8 1.91 MULOCK s e,o+ a ~ i l n  a 1 ~ 8  

4660.5 

4186.11 

482bl5 

PI17.0 

18(11.( 

4711e1 

014V.V 

4115.9 

4bbl,7 

4b4S.9 

148*,0 

4571.8 

4535, 3 

4101.2 

4UY1,l 

GODDVtAQ SUPER HI-UILER 1O10.2B/1 O l V  CONCRETE (TRCl 
1 .P  ........................ ............................................................................. 

7 , 

FZ r 5 1 1 7 , 3  VFL s 3.R *ULOCK r 0,Ib UUPtAY r 0,q3 RATIO a I.08 1.0 ?lLE S I  YYFlLE I24 8A*PlE Y 



C.OOOVELR SI jPl l i  MI-*ILLS l(I,#=ZII? OUT COHFRLII ( T q O  
I,P ......................... ~III........~.........*..~.~~.......~~........~...~................~....... 

1 I 
I 1 
I * * * * *  I 
1 I 1  I 
I I 
1 * 1 
I * 1 
r I o * I ' I I 

11 I I 
r I . . 

I. .I 
I I 
1 . I 
T I 
1 I 
I : 
I t I 
1 1 
I 1 
I . I 
r I 
I I 
I. I 

I * I 
I I 
I I 
I I 
I I 
I I 
I * 1 
t 1 
1 I 
1 I 
I I 
I I 
I. ' -1 
T I 
I I 
1 I 
! I 
1 * I 
1 1 
1 I 
1 1 
r I 
1 I 
1 I 

n.......................... l...---......**....-.......t...*-................... 

R.RU ~ o * c z ~ u o l u r ~  SLIP I en. SL 



SLIP 

@ . a R  

e.ll2 

u.80 

YI.0b 

U.ul$ 

P. I P  

0 ,  I 2  

0.14 

8.Ib 

rf,ld 

u.2a 

0.25 

0.38 

8.35 

0. O R  

8.45 

0.58 

0.55 

i l Q 6 P  

Ash5 

I .70  

a.15 

fl.8n 

6 ,85  

CI,PP 

9 . 9 5  

1 .m 

* a  4.0 T I L L  52 

IVFPIGE 8F F I L E  32 FOR b UEC0408, 

MIJX TORQUE 

L,PR 8.8 

m.21 22187.1 

8.35 38BSU.3 

8,Ul 51R27,B 

8 .51  b3BlI.U 

l, 66 l 2 P I U . l  

@,I3 l lR322*1 

R,70 65113.2 

@,O3 80948.8 

93491.1 

R , B 8  Ph82B.B 

C,PB OP501.2 

P.PP I821bO.1 

0 , 9 0  114b31ah 

R.8P 10b91P10 

1.17 LB~378 . I  

1.86 ! ! 1 8 I 8 ~ 8  

8.80 l l U 3 l Z . f l  

a.43 I I S ~ S ~ . ~  

n.81 11s)bs.v 

P.LU I I30721R 

a , to  18?988.s 

R,lb 18111205 

R,?u 4YI25.3 

A.72 8472boP 

0,111 TP@PZ,b 

R,b8 7Ul58 , l  

NL* r l L E  I 2 6  ' l C S l  SAMPLE 5)  ** 
GOOOYCAU uurcn a t - * r ~ c n  I@,@-rarr  onv CONCUE~L  (?Re)  

F8 

#,a . 
1 1 3 8 ~ 9  

l O I l ~ b  

zs5a.s 

I l l b a l  

3be4.8 

3V4419 

1109.8 

11388.5 

1521.s TOAV 8 78958.3 LOAD 8 S50@,1 VCL 8 21.8 *PM; 

(1511,b 

rbsa.5 MUCCAK w u , ~  NULOCI IO.h.4 a r r r a  8 1.54 

U b L l l 0  

a b a ~ , u  

01W.1  

0sau.a 

4498.1 

111b,8 

4 3 l @ * l  

UlZ6.b 

GnouYEbn SuPCP HI-MILCR 10,0*2O/F DRY CONCRCIC ( T I C )  
1,n ......................... ~....1...................~......................-.l...-~~=---.--*.--.---*** 

1 ! I 



r v t n r c t  or r x L t  

SLIP MUX 

(.Be # . I0  

I,BZ e,zz 
1.91 I .36 

9,bb 01.1 

0 . l l  a e 9 V  

@.I0 BIbT 

0.12 1.75 

@ e l l  @,dB 

0.Ib P , l f  

9018 0.86 

a.20 O,OT 

0.15 8.87 

8.58 Oe87 

O * J ¶  

8.49 0,bb 

8 - 4 5  e v e s  

0118 0.81 

1.55 0.82 

Babe 0089 

0.65 0.7V 

Or70 1.77 

8175 11'15 

8 . 6 ~  8 . n  

0.85 0 t l l  

6.Pl h b V  

@.V5 - I .  bb 

Ie'dR @. 64 

4bI I .2  TDLV b41S4,Z LOAD r 9rTl;T V C L  0 #I.# *Pw, 

4b400@ 

4b11,Z MUPCIK r 018? MULOCK r l i b 1  11T10.0 I .37  

I b t t , l  

rbzs.3 / 

ISb1.b 

~R*D' .T  



S L I P  

il.dA 

R . R Z  

B.PP 

a.Ub 

8 .91  

a.1u 

d.12 

1.14 

R.1b 

0.11 

0.29 

a.25 

@.SF 

0.35 

11.411 

n.45 

L.5R 

3 - 5 5  

0 .06  

11.63 

G.79 

r,75 

S.80 

ir.85 

l . 9 V  

a . 9 5  

I . l n  

L *  4.D FILE 54 

A Y r R l G F  O I  FILE 54 FOR 6 SECOROSI 

HUX l O R n U €  

Q.R6 R.R 

a, ~q ?195e.b 

a.36 39uas.1 

R.58 54365.0 

ll.60 L6491.9 

R.h9 75038.8 

I.lb 14101.8 

A.81 9104118 

R,04 q57bP.4 

p.17 o6~er.s 

R,81 10157l.2 

L.8b 105847.8 

6.85 IRQ09b.b 

8.83 lllS13,R 

6.111 113551.9 

a.8R 11513b.8 

R.10 llb54Iab 

R.7b I 1  18364 R 

8.7'4 Il0911~fl 

R.72 119b1b.1 

R,70 Il8qU7a3 

R,bP 115JU101 

R ,  b l  10783R. 3 

0,bY PI11918 

Pqh2 8495b,1 

a.60 72337,l 

R,<7 59395.8 

TPAV JQY93.8 LOAD 8 S411,3 VEL ¶ PA.0 YPH, 

MuetAa 8 I,I? euLoeK 8 0.57 nlrta 1 1,51 

k C #  FlL[ 130 TEST MAMPLE 5b ** 
GOOOIEAI SUPCW HI.MILER 10,0128lf DUV CONCWETC (TRC) 

I X 

0.8 . 
10SBq8 

104.3 

2kb5,1 

JZIPIJ 

Sb*?,3 

4072a8 

41b1,b 

PSb2.J 

Ub80,S 

I b 9 % 8  

9b48.4 

49b7.1 

4970.3 

11b7.1 

426209 

11SZ.V 

8841.7 

191?.2 

113b.7 

J73b1b 

Sb38.4 

JI29. I 

S49ba2 

fZll.5 

S115a5 

2P*I,I 

SuOOVCIU SUPER UI**ILER j0,U-2811 01Y CONCRCTL (IRE) 
1.1 ......................... ........................................................................... 

I 
1 

I 

I 
I 

1 
r 
I 

! I 
! 



HE* f l i t  111 TEST a c r r l t  37 * t  

CfJOnQfA@ 3UCER * I * * I L f a  IR,I.ZW~ O Q V  C O N C * L ~ E  ( l a c )  

$11 

1% 0 

1137.3 

1 e v ~ a  

253% .9 

3135.9 

1593.1 

JV0l.P 

1223.1 

rrr5 .s  

4SPI.Z TObV = 59bb1 ,5  LOAD I 3 r b T , l  I ~ L  1 55.9 Wu. 

142'?.1 

r 4 z ~ . r  *U*i IK I E.87 W L O C K  1 8,57 @ I 1 1 0  a 1,91 

ESb6.4 

aa7e.a 

IJ8H.O 

"?').I 

4 I R I . l  

11092,1 

aon2,9 

3911.8 

381b.I 

l ? l f l I *  

3blf l*Z 

3sr i .x  

13b2.1 

3211.1 

3ePr.s 



* *  1.0 f lLE be 

b Y t R I G E  OF F ILE  60 FOR 5 PCCORO8, 

UIIX TORaUE 

@.A0 B.R 

8.22 lO072.2 

@ . Y e  18290.9 

8.55 2911Z.I 

A.66 30071.9 

a ,  79 3134b1S 

@,SO 391bt ,3  

ma93 41501.0 

I,Ob 1833018 

8.98 S8012.b 

0.PP 524ZI.B 

a.99 55b2215 

R.98 584ZS.4 

@,Pa 69011.11 

8.Vb 62890.1 

0,P$ b4731.1 

9 . r ~  b6189.0 

R,P3 68S32eV 

0 , Q l  70bP217 

0 .08  719S8.4 

O , l8  711611.V 

R,87 79831.b 

R,86 1128417 

On85 bSS19.7 

6 - 8 8  33431.3 

R.78 421@A.O 

R,74 lOb2S.I 

NCY TILE 133 TCST ~ C L L  59 rr 

GOOOVCIR SUPER HI-MILLR IB.~=~BIC DRY CONCRETI ( T a c l  

PY 

8.0 ' 

4s9.4 

8 I b . l  

ILZ7. I  

137Ua1 

lSQ1.a 

1771.8 

1V23.2 

L0 I l .9  

2917.b 7 0 4 V  JOb2510 L O A D  8 t 1 3 I e 3  VCL 8 I#+@ MPY. 

2ITlr7 

2 L I . b  M U P I I N  8 1.0 UULOCK a 0,74 R A T I O  . 1,34 

2037,s 

2107.1 

1873,I  

lO3q.b 

GOOOVEIR SUPER H I - M I L C R  10,0-20/* DRY CDNCPCTC ( T I C )  
1.0 .................................................................................................... 

I .  * .  * a 1 * I 
I I 
2 1 
I * * I 

I 
1 * I 
I * r r I 
I 1 I 
I * I 

u 1 I I 
U 1 . 1 
x I * I  

I. I 
I * 



s* r.0 FILL b! 

ArEercc oc f I L r  6 1  rna r l L C O l D S ,  

nu: TOROUL 

P , ~ O  L.R 

AIZZ  2 ICVl .b  

R,  3b J8bYI I *  

B , Y *  '1172b.l 

F. bU b2178.1 

b8 TaRbl,J 

0 .TU T*TT8.2 

..OR O b n l s l I  

I . 8 3  V I J I I I Z  

( l , l b  *SaZZ.a 

R.87 W(I(I1, P 

P e a ?  I R Z 3 b l t 9  

8.16 IRbL22 , I  

a.85 I C I ~ ~ O . *  

a t a s  l l 2 1 1 3 . 7  

8 . 0 2  i 1 a 2 5 1 , ~  

P . I R  11553?$4  

0.7P I 1 br.?.?.? 

8.77 I171(17r2  

P,Tb 117118.1 

iL ,  74 1 l 7 ? W .  9 

#.TI 11s12o.a 

P.IH laas,?*. a 

n.68 W I ~ ( ~ , E  

P.65 86nlU,8 

? , h 3  718V1.V 

n.*m 5 9 1 Y l , l  



L V E R A G E  OF F I L E  

311X 

R,R@ 

A . I U  

P,2S 

A,37 

R.47 

R,Sb 

P ,  bP 

A,bI  

Re72 

a,  76 

Ma77 

A,T9 

R,80 

0.80 

L, TP 

A,7U 

8 - 7 6  

R.14 

6.72 

a , m  

0.61 

8.65 

R.62 

H.39 

0156 

A.52 

P , 4 9  

NC* PILL. I S 5  ' TEE? SAMPLE 41  t t  

G O O D V E A ~  SIJPL~ nl * * rLcn  II.B=ZB/F ORV CONCRLTL (TRC)  

? X  

0.8 . 
l Z l b . 7  

ZZPb. 7 

JZ1t.b 

h181,S 

181140 

3301.1 

51)1*,9 

b l 5 l . V  

bs90.1 T D A V  n 17be1.2 LOIO 8 a a ~ t , s  VCL 1 UO.B MPY, 

b419.3 

b517.1 Y U I C A I  8 0,16 YULOCK a B.41 11110 8 I,O 

bbl2.O 

b572.0 

b4*1,2 

b318a5 

beas.? 

b0*9.6 

5118,7 

Y7S1.1 

5Y7b.1 

5301.3 

511711  

4011,T 

1671,O 

4412.9 

I t 1 b . 2  





S L I P  

0 .09  

a.02 

8-04 

B.Rb 

8108 

U,lR 

0 .  I2 

Ha IU 

8.16 

0.18 

H.20 

8125 

I.3fl 

0.35 

*.a11 

A. 115 

0.5M 

R.55 

B.bB 

8.65 

M , I P  

'dr75 

*,am 

P.85 

H. PB 

8,95 

l.RR 

1. r - o  P I L L  UP 

19 FOR 6 R f C O R D l +  

rannuc 

0.R 

I650R.2 

3S5Ub.1 

45174.8 

55bR0,l 

bJbV3.3 

77684.1 

87RRV.2 

. 93b27.9 

98071.7 

I9B33P. 3 

10484baS 

IS7*Pb10 

1111178.5 

112364.7 

111451.8 

I l b 5 l l 0 2  

1186b201 

I 2 B I l l b ~ I  

I2ZlBb.4 

I2ll3S.S 

lZllb55.9 

11usz4.7 

IR3Z57,7 

89749. I 

7SB39.11 

bIb87.S 

I 
YEH FILL 125 TEE? SAMPLE 51 I* 

GOOOYFIU SUPER Y I m M I L L R  11,8.1#/? DRV CONCRCTC f T R t )  

t l 

019 ' 

PIPlb  

lbP3.3 

121*,3 

1bV1.1 

f l l 7 , l  

I7S2,Z 

a171,9 

441P.J 

U51515 l Q A V  8 blb4l.S LOAD 8 5 5 1 . 0  VCL 8 68.0 H?U, 

VbI2.Y 

CLbZ. 1 MUCIAK 8 9189 MULOCI * e1S8 1 4 1 1 0  8 1.52 

GOODVElR SUPER H I . 6 I l L R  ]B.@-2BIC DRY CONCRCIC ( T R C )  
I , @  --.I.. - ~ - - . - ~ . - . . - - - - - . . . l - - - - ~ ~ - - - - ~ . - - - ~ ~ - - ~ ~ ~ ~ m l ~ - ~ - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
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I t  

I 

I 
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~0 ~ ! L C  112 T E S T  SI*PLE 5 8  * a  

caonicaa SUPCQ MI- M I L E I  le1a.2otr DO? coNcae ic  ciacr 

I1 

818 

14blll 

2 1 I b , +  

21*8,1 

3lbZ.I 

JOSb,O 

1.300. I 

0162.7 

lb21.b 

4728.3 TUIV m b1158,M LO10 z 5385.1 V E L  I 08.8 *W, 

4773.5 

4780,  I U U # E A <  r 8.91 M U L O C ~  n n , r r  n ~ r r o  rn 1 ~ 5 2  



NEW F I L E   IS^ I TEST ~ I M C L E  62 I* 

GOOOYCIR SUPER H I - N ~ L L R  I R , R . Z B ~ ~  DRV c a n e n e t t  ( T R C )  

P X  

8 1 8  - 
10P8.2  

1933eb 

263S.# 

JLI8.7 

Ih+Y, I  

4071.1 

4 4 @ 1 * 9  

ahas ,  7 

014q12 TOLV 8 b 2 2 7 9 e 8  L O I D  8 5 1 1 3 e Y  VtL 8 40.9  WPM, 

4 9 l O l  I 

948719 MUCCIK 8 0 . 9 4  MULOCK 8 R , b @  R A T 1 0  * Ir3# 

GOODVCbU l l l P C P  U I . * l L E I  10,O-1811 01)V CONCRLTC (YRC) 
1,p .................................................. [........................[.....-.................. 

1  
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1  1 
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1 
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0 

I 
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I 

I 

1 
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I 
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1 
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Figure 4 .  Veloci ty  s e n s i t i v i t y  da ta .  
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Goodyear Custom Cross Rib 

Uniroyal F lee t  blaster 
Super Lug 

A Fi res tone  Transpor t  200  

A Goodyear Super H i  Miler  

0 General GTX 

p Fi res tone  Transport  I 

Figure 7 .  Cornering S t i f f n e s s ,  Ca, as Inf luenced by V e r t i c a l  

Load, Fz, f o r  the  S ix -T i re  Saaple .  



C _  = sum of t he  corner ing s t i f f n e s s e s  of a11 
- t i r e s  mounted on the  f r o n t  ax l e  

C = sum of t h e  corner ing s t i f f n e s s e s  of a l l  
"2 t i r e s  mounted on t h e  r e a r  a x l e .  

For purposes of eva lua t ing  t h e  C a  measurements 
shown i n  Figure  7 ,  t h e  usage of (a)  l ug - type  t i r e s  on 

t h e  d r i v e  ax l e  (only) of a 2-axle  t r u c k  can be compared 
wi th  t h e  usage of (b) r i b - t y p e  t i r e s  a t  bo th  ax l e  p o s i -  
t i o n s .  The in f luence  of t hese  t i r e  i n s t a l l a t i o n s  can be 

expressed i n  terms of t he  d i f f e r e n c e  i n  U which d e r i v e s ,  

cons ider ing  t h a t :  3 

C a 0 . 8  C 
(Lug T i r e )  '(Rib Tir 'e) 

Let us cons ider  t he  i n s t a l l a t i o n  of lug t i r e s  as dua l s  

on the  r e a r  a x l e ,  wi th  s i n g l e  r i b  t i r e s  on t h e  f r o n t  

a x l e ,  such t h a t ,  

C a = 4 C a  

2 [Lug T i r e )  
= 3 . 2 C  

" ( ~ i b  T i r e )  

and 

C = 
"1 (Rib T i r e ]  

As a  f u r t h e r  s i m p l i f i c a t i o n ,  l e t  us cons ider  a p e r t u r -  
b a t i o n  i n  U about a  con f igu ra t ion  i n  which a = 2b-a 

con f igu ra t ion  y i e l d i n g  a  n e u t r a l  s t e e r  behavior  ( i . e . ,  
U - 0 )  f o r  case  ( b ) ,  when t i r e s  w i th  t he  same va lue  of 

Ca a r e  i n s t a l l e d  a t  a l l  wheel p o s i t i o n s .  Eva lua t ing  



- 5 0  

E.1 
L4 
\ 

X 
Cr, 

A Goodyear Super  H i  
. 2 5  P M i l e r  

F i r e s t o n e  T r a n s p o r t  1 
o General  GTX 

A F i r e s t o n e  T r a n s p o r t  200 

0  

Pe rcen t  S l i p  

F igure  9 ,  C h a r a c t e r i s t i c  u - s l i p  curve  shapes  a t  t h e  
r e f e r e n c e  c o n d i t i o n  of  40 mph and 
1 . 0  x Rated Load. 



The s l o p e  of  t h e  f o r c e / s l i p  r e l a t i o n s h i p  through 

t h e  o r i g i n ,  termed l o n g i t u d i n a l  s t i f f n e s s ,  Cs, i s  d i r e c t l y  

analogous t o  t h e  corner ing  s t i f f n e s s  p r o p e r t y ,  C,, which 

was d i s c u s s e d  i n  r e l a t i o n  t o  l a t e r a l  f o r c e s .  I t  i s  c l e a r  

t h a t  r i b -  and l u g - t y p e  t r e a d  p a t t e r n s  a r e  sha rp ly  

d i f f e r e n t i a t e d  i n  t h e i r  C s  parameter ,  a s  i s  i l l u s t r a t e d  

i n  F igure  9 .  This  p l o t ,  summarizing t h e  p - s l i p  behavior  

of t h e  t h r e e  r i b  and t h r e e  l u g  t i r e s ,  r e p r e s e n t s  normalized 

l o n g i t u d i n a l  f o r c e  responses  a s  measured under t h e  

r e f e r e n c e  c o n d i t i o n  of 4 0  mph and r a t e d  l oad .  Refe r r ing  

t o  i n i t i a l  s l o p e s ,  t h e s e  d a t a  show t h e  average r i b  t i r e  

a s  o b t a i n i n g  a  Cs = 49,000 l b j u n i t  s l i p  whi le  t h e  

average f o r  t h e  t h r e e  l ug  t i r e s  i s  30% l e s s ,  w i t h  

Cs = 34,000 l b / u n i t  s l i p .  P u t t i n g  t h i s  obse rva t ion  i n t o  

a  v e h i c l e  c o n t r o l  c o n t e x t ,  C s  v a lues  a r e  of primary 
i n t e r e s t  i n s o f a r  a s  t hey  i n f luence  v e h i c l e  response  t o  

b rak ing  i n  a  curved p a t h .  To unders tand  t h i s  i n f l u e n c e ,  

one must f i r s t  cons ide r  t h a t  a  veh ic le ,employing  lower 
Cs t i r e s  w i l l  exper ience  g r e a t e r  excu r s ions  i n  l o n g i t u -  
d i n a l  s l i p  t o  e f f e c t  t h e  same d e c e l e r a t i o n  l e v e l s  a s  a  

comparable v e h i c l e  equipped wi th  h i g h e r  C s  t i r e s .  Since  
a s  l o n g i t u d i n a l  s l i p  i n c r e a s e s ,  t h e  t i r e ' s  a b i l i t y  t o  

gene ra t e  l a t e r a l  f o r c e s  d e c r e a s e s ,  t h e r e  e x i s t s  a  mechan- 
ism by which t h e  l o n g i t u d i n a l  p r o p e r t i e s  o f  t i r e s  can 

i n f l u e n c e  t h e  co rne r ing  response  of  v e h i c l e s  t o  braking 

i n p u t s .  Thus, a s  a  v e h i c l e  i s  n e g o t i a t i n g  a  t u r n ,  a t  

a  g iven  l e v e l  o f  l a t e r a l  a c c e l e r a t i o n  and t h u s ,  t i r e  s i d e  

f o r c e s ,  i t  w i l l  exper ience  a  p e r t u r b a t i o n  i n  c e n t r i p e t a l  

f o r c e  and /or  yaw moment a s  a  consequence of a  braking 
i n p u t .  The s e v e r i t y  of t h i s  d i s t u r b a n c e  w i l l  be 

determined by: 

a )  t h e  i n i t i a l  l e v e l  of l a t e r a l  a cce l e r a t i o r . ,  

b )  t h e  l e v e l  of braking Eorce genera ted  a t  each 
of t h e  v a r i o u s  t i r e  p o s i t i o n s ,  
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e Goodycar Custom Cross Rib 

Uniroyal Fleet Master S u p e r  Lug 

A F i r c s t o n c  ' f ranspor t  2 0 0  

a Goodyear Super Hi Milcr  

General (; ' I 'X 

o 1:irestonc Transpor t  1 

PZ/FZ 
rated 

Figure 1 0 .  Pcak and s l i d e  va lues  of F x / F Z  a t  2 0  mph 

f o r  the s i x - t i r e  sample. 



where 

LC, = d i f f e r e n c e  i n  Cs v a l u e s  e x h i b i t e d  by - 
t y p i c a l  l u g  and r i b  t i r e s ,  t h a t  i s ,  
C - Cs 2 15,000 l b / u n i t  s l i p  

' r i b  lug 

y  = l a t e r a l  spac ing  between wheel c e n t e r s  

of  a  dual-mounted p a i r  ( t y p i c a l l y  

about  12") / 

and g ,  a ,  C , and V a r e  a s  d e f i n e d  e a r l i e r .  
a1 

Accordingly ,  a  t y p i c a l  l ug  t i r e  i n s t a l l a t i o n  on 

a  r e a r  a x l e  employing d u a l  t i r e  s e t s  would y i e l d  an 

u n d e r s t e e r  l e v e l  which i s  lower than  t h a t  f o r  t h e  

cor responding  i n s t a l l a t i o n  of a  t y p i c a l  r i b  t i r e  by 

- amounts such a s :  

0,29O/g a t  10 mph 

0.07O/g a t  2 0  mph 

0.03O/g a t  30 mph 

Thus, wh i l e  t h e  i n f l u e n c e  of CS on u n d e r s t e e r  

l e v e l  r e p r e s e n t s  an i n t e r e s t i n g  a s p e c t  of v e h i c l e  mechanics ,  

i t  p rov ides  a  n e g l i g i b l e  degree  of d i s c r i m i n a t i o n  between 

t h e  p r o p e r t i e s  of l u g -  and r i b - t y p e  t i r e s  f o r  o p e r a t i n g  

speeds  above 10 mph. 

With r e g a r d  t o  l i m i t  b r ak ing  c a p a b i l i t y ,  t h e  p e r -  

t i n e n t  f e a t u r e s  of t h e  u - s l i p  curve a r e  t h e  peak v a l u e  

of Fx/F,  and t h e  v a l u e  which acc rues  under t h e  locked-  

wheel c o n d i t i o n ,  a t  s = 100%.  Accordingly ,  t h e  l o n g i -  

t u d i n a l  t r a c t i o n  d a t a  o b t a i n e d  f o r  t h e . s i x - t i r e  sample 

has been reduced t o  p l o t s  of "peak" and " s l i d e "  v a l u e s  

o f  F,/F, a t  t h e  v a r i o u s  c o n d i t i o n s  of  load  and v e l o c i t y .  

F igures  1 0 ,  11, and 1 2  i l l u s t r a t e  t h e  ranges  o f  peak and 

s l i d e  d a t a ,  a s  a  f u n c t i o n  of  l o a d i n g ,  f o r  t h e  r i b  and . . . . . ...... . . . . . . . . . . . . , . . . . . . . . . . . . . . . . 
l u g  t i r e  c l a s s e s  a t . 2 0 ,  4 0 ,  and 5 5  rnph, r e s p e c t i v e l y .  .... 
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Figure 1 2 .  Peak and s l i d e  va lues  of  F x / F Z  a t  5 5  mph 
f o r  t h e  s i x - t i r e  sample.  
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F i g u r e  11. Peak and s l i d e  v a l u e s  of  Fx/FZ a t  4 0  mph 
f o r  t h e  s i . x - t i r e  sample.  



TABLE 4 

PEAK AND SLIDE VALUES OF F /F AS OBTAINED 
OVER THE FIVE REPEAT RUN$ F ~ R  EACH OF 

THE SIX SAMPLE TIRES 

Goodyear Super Hi Miler Firestone Transport 200 

Run p s  Run l-Is 

Avg. ,856 ,608 

u .00800 ,0117 
Avg. ,746 .56 

u .0242 .0167 

Firestone Transport 1 

Run p~ Fis 

Avg. ,822 ,568 

u .0172 ,00748 

Goodyear Custom Cross Rib 

Run " s 

Avg. ,714 ,548 

0 .0258 ,00980 

General GTX 

Run 

10 .80 

13 .82 

Avg. .822 

Uniroyal Fleetmaster Super-Lug 

Run 1-I 
P ps 

1 .70 .54 

4 .71 .55 

7 .73 ,55 

10 , 74 .56 

13 .74 .55 

Avg. .724 .55 

u ,01625 ,00632 



t h e s e  t e s t s  were reduced t o  a  p l o t t e d  format  such a s  

shown i n  F i g u r e s  13  and 1 4 .  These examples i n d i c a t e  t h e  

b a s i c  s e n s i t i v i t y  o f  t h e  F  /F v e r s u s  a r e l a t i o n s h i p  t o  
Y Z  

v e l o c i t y  and v e r t i c a l  l o a d ,  r e s p e c t i v e l y .  As w i t h  

l o n g i t u d i n a l  t r a c t i o n  measurements,  t h e  t i r e  e x h i b i t s  a  
s t e e p l y  r i s i n g  ( e l a s t i c )  behav io r  fo l lowed by a  f r i c t i o n -  

de termined s a t u r a t i o n .  I n  t h e  c a s e  of  l a t e r a l  t r a c t i o n ,  

t h e  a n g u l a r  s l i p  range  of i n t e r e s t  i s  l i m i t e d  t o  about  

a=20°, t h e r e b y  e l i m i n a t i n g  any need t o  c h a r a c t e r i z e  

performance a t  h i g h  s l i p  v e l o c i t i e s  such  a s  a r e  r e l e v a n t  

t o  l o n g i t u d i n a l  t r a c t i o n .  Accordingly ,  i t  i s  n o t  s u r -  

p r i s i n g  t h a t  t h e  example of F igure  13  i n d i c a t e s  a  r a t h e r  

l i m i t e d  s e n s i t i v i t y  of  (F /F v s .  a )  t o  v e l o c i t y .  Indeed,  
Y Z  

a s  summarized i n  F igure  1 5 ,  t h e  performance o f  a l l  s i x  

l u g  and r i b  t i r e s  over  t h e  2 0  t o  5 5  mph v e l o c i t y  range  

and a t  t h e i r  common r a t e d  l o a d ,  i s  c o n t a i n e d  w i t h i n  a 
r e l a t i v e l y  narrow band. F igure  15  s e r v e s  t o  suppor t  t h e  

c o n c l u s i o n  t h a t  no a p p r e c i a b l e  d i f f e r e n t i a t i o n  can be 

made between t h e  l u g -  and r i b - t y p e  samples on t h e  b a s i s  

of  t h e i r  l a t e r a l  f o r c e  s e n s i t i v i t y  t o  v e l o c i t y .  I n  
a d d i t i o n ,  F i g u r e  1 5  i l l u s t r a t e s  t h a t  t h e  a b s o l u t e  l e v e l s  

of  l a t e r a l  t r a c t i o n  c a p a b i l i t y  do n o t  s e r v e  t o  d i s t i n g u i s h  

l u g  from r i b  t i r e s  i n  t h e  sample t e s t e d .  F igure  16 

s e r v e s  t o  conf i rm t h i s  o b s e r v a t i o n  even f u r t h e r ,  by 

i l l u s t r a t i n g  t h a t  t h e  e n t i r e  sample of s i x  t i r e s  i s  

c l o s e l y  packed i n  i t s  l a t e r a l  t r a c t i o n  behav io r  over  t h e  

l o a d  r a n g e ,  a s  w e l l .  

Thus we f i n d ,  somewhat s u r p r i s i n g l y ,  t h a t  t h e  a b i l i t y  

of  t h e  l u g - t y p e ,  c r o s s - b i a s  t i r e  t o  g e n e r a t e  l a t e r a l  

f o r c e s ,  a t  e l e v a t e d  s l i p  a n g l e s  and on a  d ry  pavement, 

comparable t o  t h e  c a p a b i l i t y  of i t s  r i b - t y p e  c o u n t e r -  

p a r t .  



. a  I l n i r o y h  F l e e t  b l a s t e r  S u p e r  Lug 

-----4 Gooclyear Custom C r o s s  Rib  

----=A F i r e s t o n e  T r a n s p o r t  200  
-----a F i r e s t o n e  T r a n s p o r t  1 

-4 G e n e r a l  G T X  
-4 Goodyear S u p e r  H i  M i l e r  

F i g u r e  1 6 .  Summary o f  t h e  F y / F Z  v s .  a b e h a v i o r  o f  t h e  s i x - t i r e  sample  
a t  e a c h  o f  t h r e e  l o a d s ,  and a t  2 0  mph. 



A l l  R i b  T i r e s  Wi th in  
T h i s  E n v e l ~ e  

ALPHA (DEGREES) 

F i g u r e  1 5 .  Enve lopes  o f  F y / F Z  v s .  a d a t a  o b t a i n e d  a t  
t e s t  v e l o c i t i e s  of  2 0 ,  4 0 ,  and 5 5  mph and 
a t  r a t e d  l o a d  f o r  a l l  s i x  t i r e s  i n  t h e  
sample .  



APPENDIX B -  I 

, TABULAR FLAT-BED TEST RESULTS 

The fol lowing t a b l e  i n d i c a t e s  l a t e r a l  f o r ce  measure- 

ments which were ob t a ined  wi th  each t i r e  a t  s l i p  ang les  

o f  2 1 "  and a t  0 "  f o r  each of t h r e e  va lues  o f  v e r t i c a l  

load .  The corner ing  s t i f f n e s s  parameter ,  C,, i s  t hen  

l i s t e d  a s  t h e  average o f  t h e  l a t e r a l  f o r c e s  ob t a ined  a t  
+lo and - lo.  

L a t e r a l  Force,  l b s  Cornering 
V e r t i c a l  a t  S l i p  Angles, a S t i f f n e s s  C, 

Tire Load, l b s ,  +I0 -lo 0° 'fbs/deg 

Goodyear 16 30 -291 234 -31 263 
Super H i  Miler  3260 -459 363 -60 4 1 1  

5430 -606 444 -73 525 

Gene r a l  1630 -326 260 -37 293 
GTX 3260 -503 392 -65 448 

5430 -643 492 -80 568 

F i r e s tone  1630 -346 267 -49 306 
Transpor t  1 3260 -540 403 -76 4 7 1  

5430 -670 486 -106 578 

Uniroyal  16 30 -268 215 -26 2 4 2  
F lee tmas te r  3260 -430 340 - 4 7  385 
Super Lug 54  30 -559. 4 1 7  -64 483 

Goodye a r  1630 -2'70 2 2 4  -36 2 4 7  
Custom Cross 3260 -433 337 -56 3 85 
Rib 54  30 -572 418 - 7 7  495 

F i r e s tone  1630 -259 178 -30 219 
Transpor t  200 3260 -403 289 - 5 1  34 6 

5430 -538 315 -84 426 



INDIVIDUAL LONGITUDINAL FORCE PLOTS 
FROM MOBILE TRACTION TESTS 

The following p l o t s  represent  the "peak" and "s l ide"  

values of normalized longi tudina l  force obtained during 
the  braking t r a c t i o n  t e s t i n g  of the  s i x - t i r e  sample on a  

dry Portland cement concrete  pavement. Each p l o t  

i l l u s t r a t e s  the  inf luence of both load and ve loc i ty  on 

the  values of Fx/FZ obtained a t  the  peak of the  "u-s l ip"  

curve and a t  the 1 0 0 %  s l i p  condi t ion.  Addi t ional ly ,  da ta  

from the  f i v e  repeats  of the  reference condi t ion run,  a t  
F = 1 . 0  x  r a t e d  load and V = 4 0  mph, a re  p l o t t e d  as an z 
i n d i c a t o r  of t h e  bas ic  r e p e a t a b i l i t y  of t h e  experiments. 

Tabular da ta  from the  repeat  runs,  together  with computed 
s tandard devia t ions ,  were presented i n  t h e  t e x t ,  Table 3 .  
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APPENDIX B-I11 

INDIVIDUAL LATERAL FORCE PLOTS 
FROM MOBILE TRACTION TESTS 

The fol lowing p l o t s  r e p r e s e n t  t he  l a t e r a l  f o r c e ,  

F o r  t he  normalized l a t e r a l  f o r c e ,  F  /F  versus  s l i p  
Y '  Y z '  

ang l e ,  a ,  behaviour o f  each t i r e  i n  t h e  t e s t  sample. These 

d a t a  were ob t a ined  us ing  t he  HSRI mobile dynamometer on a  

dry Po r t l and  cement concre te  pavement. Each t i r e  i s  
r ep re sen t ed  by t h r e e  p l o t s  i n d i c a t i n g  t h e  i n f luence  on 

l a t e r a l  t r a c t i o n  of 

1) v e l o c i t y  

2) l o a d  

3) r epea t ed  t e s t  runs 

Accordingly,  t h e  f i r s t  p l o t  f o r  each t i r e  r e p r e s e n t s  

t e s t s  conducted a l l  a t  r a t e d  l o a d ,  but  a t  v e l o c i t i e s  o f  

nominally 2 0 ,  4 0 ,  and 5 5  mph. 

S i m i l a r l y ,  t h e  second p l o t  f o r  each t i r e  r e p r e s e n t s  

t e s t s  conducted a t  40 mph and a t  v e r t i c a l  loads  of  FZ = 

0 . 5 ,  1 . 0 ,  and 1 . 5  t imes t h e  TERA r a t e d  l o a d ,  The f i n a l  

p l o t  s e r v e s  t o  document t h e  s t a b i l i t y  o f  t h e  t i r e  s p e c i -  

men a s '  a  fo rce-produc ing  mechanism over  t h e  sequence o f  t e s t  

r uns .  These d a t a  i n d i c a t e  t h e  t i r e ' s  F / a  behaviour  a s  
Y 

measured dur ing each of  f i v e  "spot  checks" a t  cond i t i ons  

of  FZ = r a t e d  load  and V = 4 0  mph. 
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Table 1.  Peak ,and S l i d e  Values of Fx/FZ a s  Obtained 
Over t h e  Five Repeat Runs f o r  Each of t h e  
S ix  Sample T i r e s  on Wet Concrete.  

Goodyear Super Hi Mi le r  F i  r e s  tone  Transpor t  200 

Run lJ P Us Run P lJ s lJ 

Avg. .674 ,448 

a ,012 ,0204 

Avg . ,646 .488 

0 .013 ,0075 

F i  r e s tone  Transport  1 

Run lJ P s 

Avg. .780 .574 

u .0179 ,0195 

Goodyear Custom Cross Rib  

Run lJ P lJ s 

Avg . ,608 .462 

0 .0147 .0117 

General' GTX Uni royal Fl  eetmas t e r  Super-Lug 

Run lJ P lJ s Run P lJ s lJ 

Avg.. .732 .518 

u ,0147 .a156 

Avg . .516 .390 

o .0262 ,0261 
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Figure 2 .  Velocity s e n s i t i v i t y  of s l i d e  value of F x / F Z  a t  ra ted  loail. 
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F i g u r e  3. Load s e n s i t i v i t y  o f  peak va lues  o f  F x / F Z  a t  55 mph. 



A Firestone Transport 1 
0 General GTX 

Goodyear Super Hi Pliler 
A Firestone Transport 200 
@ Goodyear Custom Cross Rib 

I Uniroya! Fleetmaster Super Lug 

Wet Concrete 

. . 

Norm. Load, F Z / F Z r a t e d  

Figure 4 .  Load sensit ivity of  sl ide values of Fx/FZ a t  55 mph.  
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Figure 5 .  Lateral tractipn results,  40 niph, 0 . 5  x rated l o a d .  
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Figure 6 .  Lateral traction resuits ,  55 mph, 1.0 x rated l o a d .  
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TAEILE 3.1. FLAT-BED TEST TIRES 

f i r e  No. Manufacturer %de 1 - Size - 
Heavy Truck 

T i res  

H- 2 Unl royal T r j p l e  Tread 10 x 20G 

H-3 Un imya l  T r i p l e  Tread 11 x 22.5F 

H-4 B.F. .Goodrich Milesaver Radial 10 R 20 G 
Steel  H.D.R. 

H- 5 B.F. Goodrich Hi lesaver Radial 10 R 20 G 
Steel  H.D.B. 

H-6 Goody ear Un is tee l  R-1 10 R 20 G 

H-7 Goodyear Unisteel  L-1 10 R 20 G 

Heavy Bus 
Tires 

' H-12 

H-13 
H-14 

Uni roya l  

Hichel  i n  

Unimaster Rib 

Radial 

Fires tone 

6. F, Goodri ch 
B . F .  Goodrich 

Uni roya l  

Uniroyal  

Goodyear 
Miche l in  

H-19 Michel i n  

H-20 Michel i n  

L i g h t  Truck 
T i res  

L-1 

L-2 

L-3 

L-4 

, L-S 

L-6 

L-7 
L-8 

L-9 
L-10 

L-11 

Lo12 

Lo13 

L-14 

Fires tone 

Goodyear 

Goody ear  

F1 res tone 

Goodyear 

Flrestone 

Goodye a r 
Goodri ch 

Goodyea r 
Goodyear 

F i res  tone 

Goodyear 
Michel I n  

Wards 

L-15 Hichel  i n  . Lo16 General 

L-17 General 

Lo18 Goodycar 
L-19 ~ o o d ~ e i r  

Lo20 Goodyear 

Hiway Mileage 

I n t e r c f  t y  Mileage 

I n t e r c i t y  Mileage 

I n t e r c i t y  

MaxRoute I 

Custom Cruiser 
Radial XZA 
Radial XZA 11 R 22.5 H 

Radial XZA 12 R 22.5H 

Transport 500 
Custom H iM i l e r  

Rib' HiMi l e r  

Transport 110 

Super Single HiMi 1 e r  

Town L Country Truck 

Cus tw F l  exs t e e l  
Milesaver Radial 

Glas Guard X6 

Glas Guard XG 

Town I Country Truck 

Cus tw Fl exs t e e l  
Radial XCA 

Stee l  Be1 ted . 
Super Wide 
Radfal XCA 

Jumbo Power J e t  
Jumbo Power J e t  

Glas Guard 

Glas Guard 

Rib HiMI le r  
\. 
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Radials 

- -  Bias Ply 

Figure 3.17.  T h e  load sensitivity of Fx/ fZ  values measured a t  4% s l ip  for 
heavy t i res  of radial and blas-ply construction ( t i r e s  are 
identified by code numbers previously l is ted in Table 3-1).  



e..... ...... " "  . . . . . . . . . . . . . . . . ...... ~. ....,., 
showing, f i r s t ,  individual bus t i res  within the bus/truck t i r e  ,.~... ... 

envelope and then individual truck t i res  within that envelope. 

Accordingly, Figures 3.18, 3.19, and 3.20 i l lus t ra te  peak 
and slide performances for individual bus t i res  within the over- 
all  envelope for the respective velocities of 20, 40, and 55 mph. 

I n  general, the selected bus t i  res are seen t o  register 1 ow vaf ues 
of peak traction within the indicated envelope. Further, the two 
'radi a1 samples show consistently lower slide traction performance 
than the single bias-ply sample. Also, the growing spread between 
peak and slide envelopes as velocity increases is  characteristic 
of commercial ti re behavior on dry pavements. 

In Figures 3.21, 3.22 ,  and 3.23, the peak and slide perfor- 
mances of individual truck t i res  are presented for each of the 
three respective tes t  velocities. These data indicate no clearly 
defineable distinctions among t i r e  types although the bias-rib t i r e  
i s  a generally superior performer, considering both peak and slide ... , . . . . . . 
behavior. A1 so, the radial t i res  exhibit general l y  reduced levels t:::::.'., 

5 . . . . . . . \..... .... 
of slide traction. 

3.2.2 Lateral Traction - Mobile Measurements. A set  of 
eight heavy and eight light truck t ires was subjected to a series 
of 1 ateral traction measurements using the HSRI Mobile Dynamometer. 
These experiments involved a matrix of load and velocity conditions 
a t  each of which a staircase time history of s l ip  angle ( a )  was 
applied. - A11 data were gathered on a dry concrete surface and were 
obtained with each t i r e  inflated t o  i t s  T & RA-recommended cold 
inflation pressure. The data was computer processed from the time 
history format to yield discrete numerics of the t i r e ' s  normalized 
side force response, F /F a t  each value of a for which a "dwell" 

Y 2' 
was employed i n  the staircase time history. 
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Figure 3 .21 .  "Peak and slide" values of F x / r z  v s .  load for individual 
truck tires-superimposed wi th~n the en elope f d a t  taken 

i d o n t i  f i r a t i n n < .  S P P  Table 3-1).  
a i! on e i g h t  truck and bus t l r e s  a t  20 mph Ifor CO e nun er 



Norma,l i zed Load FZ/FZR 

F igure  3.20. "Peak and s l i d e "  values o f  Fx/FZ vs. l o a d  f o r  i n d i v i d u a l  . . . ...... . . . . . . . . . . . . . . .. '..... 
bus t i res--superimposed w i t h i n  t h e  envelope o f  data taken . . . . . . . ...... .~.. 

on e i g h t  t r u c k  and bus t i r e s  a t  55 mph ( f o r ' c o d e  
i d e n t i f i c a t i o n s ,  see Table 3-1).  
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Figure 3.22. "Peak and  slide" values of Fx/fz vs. load for individual 
truck tires-superimposed withln the envelope of da t a  taken 
on eight truck and bus t i res  a t  40 lnph (for  code number 
identifications, see Table 3-1). 55 
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Figure 3 . 2 3 .  "Peak and slide" values of F x / F Z  vs .  load for individual 

truck t i  res-superimposed w i  thin the envelope o f  data taken 
on eight truck and bus t i res  a t  55 mph ( fo r  code number 
identifications,  see Table 3-1). 



As shown in Figures 3.24 and 3.25, the F / F  performance 
Y Z  

of the heavy truck and bus t i r e  sample a t  two values of vertical 
..... ....... ...... ....... load i s  suimmarized. The plots indicate the envelope of responses ....... ...... ...... ... 

obtained with al l  eight t i r es  a t  the t es t  velocity of 20 mph. 

The sensitivity of individual t i res  t o  changes in vertical load 

spanning the range from 0.5 t o  1.5 times rated load i s  p.resented 

in Appendix C. An example of a typical t i r e ' s  F / F  performance 
Y Z  

over the load range i s  shown in Figure 3.26. 

Examination of the envelope summaries and individual load 

sensi t ivi t ies reveals a number of findings pertaining t o  specific 

t i r e  constructions and t o  heavy vehicle t i res  in general, As 

i l lustrated in Figures 3.24 and 3.25, we observe t h a t ,  a t  the higher 

load value, the range of behavior of the  sample i s  more condensed 

and absolute values of normalized lateral traction are reduced over 

values of s l ip  angle. Clearly, as was established previously with 

flat-bed measurements, F / F  perfomance a t  small s l  ip angles reduces 
Y Z  

wi t h  increasing 1 oad as a mani festat i  on of the concave (downward) 

curvature of the C sensitivity t o  load. 
a 

... ...... The reduction of F /F with load a t  higher s l i p  angles derives ........ ........ ........ 
Y Z  ....... ...... ..... 

from the same sensitivity of the frictional coupling mechanism as 

influenced the'load sensitivity of peak values of longitudinal 

traction. Indeed, the average reduction in F / F  a t  a = 20" 
Y Z  

deriving from the load variation over the 0.5 t o  1 . 5 ~  FZR range i s  

seen t o  be about  -0.12 which compares closely with the average 

(Fx/Fz)peak reduction of -0.10, Certain t i res ,  however, depart 

markedly from the average sensitivity of peak F / F  t o  load. The 
Y Z  

indicated radial-type bus t i r e ,  for example, fa l l s  by 0.25 in i t s  

F,,/F, peak value while the bias-ply bus t i r e  shows virtually zero 

reduction in F / F  over the 0.5 t o  1 .5  FZR load range. 
Y Z  

As can be seen in the specific t i r e  examples overlaid on 
Figures 3.24 and 3.25, the occurrence of  the saturated shear force, 

or "peak," F / F  condition is  n o t  uniquely tied t o  any given value 
Y Z  

of s l i p  angle. Thus, for example, cer ta in  radial t i r e s  have reached 

their friction-limited condition i n  the vicinity of a = 12" a t  the 
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F i g u r e  3 . 2 4 .  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  l oad .  
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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 t r u c k  and bus t i r e s  a t  1.0 FZR 
and 20 mph. 
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2 
= 0.5 FzR condition while the same t i r e  i s  not ye t  saturated a t  

a = 20" under the 1.5 FzR load condition. This fundamental pro- 
perty of the side force response of pneumatic t i r e s  requires tha t  
we pay particular attention to  the s l i p  values a t  which saturation 
occurs as well as to .  the 1 imit traction levels themselves. 

In th is  vein, we can draw certain marked dis t inct ions among 
the l imit  traction behavior o f  the various t i r e  types represented. 
Radial t i r e s  in the sample, fo r  example, typically peak i n  F /F 

Y Z  
a t  lower s l i p  angles than do bias-ply specimens. This performance 
can be shown to  follow direct ly  from the elevated values of corner- 
ing s t i f fness  characterizing the radials.  Additionally , a t  the lower 
vertical  load value, the radial samples exhibit a d i s t inc t  negative 
slope i n  the i r  F / F  versus a relationship in the s l i p  angle regime 

Y z 
above a = 12". While the various sizes of bias-ply t i r e s  exhibit  
somewhat mixed resul ts  , they generally indi cate a posit ive slope 
in F /F versus a up t o  the 20" value of a ,  a t  a l l  loads examined. 

Y Z  
Further, a t  the 1.5 FZR condition, the bias-ply t i r e s  exhibit  rather 
steep slopes indicating that  actual side force saturation may not 
occur until  a a t ta ins  values in the proximity of 30". In l ine  
w i t h  th i s  observation, the lug-type t i r e  i s  par t icular ly notable 
as a construction variety which, by dint  of i t s  compliant tread 
structure and low C behavior, tends to  saturate  a t  quite h i g h  values 

a 
o f  a. 

Shown i n  Figures 3.27, 3.28, and 3.29, the envelopes of F / F  
Y Z  

versus a .responses obtained a t  rated load and a t  three values of 
velocity are presented. The ranges of traction performance indicated 
a t  each value velocity a re  similar to  those observed a t  each of the 
two extreme values of vertical load. Going from the 20- to  55-mph 
velocity condition, the only noticeable feature i s  t ha t  very 1 i t t l e ,  
i f  any, net reduction i n  F / F  peak resul ts  from the velocity incre- 

Y Z  
ment. Indeed, individual plots of each t i r e ' s  velocity sens i t iv i ty ,  
such as typified by the example of Figure 3.30, indicate remarkably 
low changes i n  F /F  behavior w i t h  t e s t  speed. Additionally, the 

Y Z  
sunmary plots of Figures 3.27, 3 .28 ,  and 3.29 indicate only minor 
changes i n  F /F  /a shape and i n  the rank order of the i l l u s t r a t ed  

Y Z  
example t i r e s  over the veloci ty  range. 



Figure 3.29. Envelope and s p e c i f i c  examples o f  (Fy/FZ vs. measure- 
ments taken f o r  8 heavy t r uck  and bus t ~ r e s  a t  1.0 FZR 
and 55 mph. 
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Figure 3.28. Envelope and specific examples of ( F y / F z  vs. a )  measure- 
ments taken f o r  8 heavy truck and bus t ~ r e s  a t  1 .0  FZR 
and 40 mph. 
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Figure 4.15.  Simulated response o f  thewhi t e  Road Boss to a sequence 
o f  trapezoidal steer inputs at 30 mph ( 1  oaded and 
unloaded). 
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F igure 4.16. Simulated resgonse o f  the  White Road Boss t o  a sequence 
o f  trapezoidap s tee r  inputs  a t  50 mph (loaded and 
unl oaded) . 



Both the 30-mph and 50-mph responses serve t o  conf irm the 
..... o f  ten-repeated f i n d i n g  , here, t h a t  the d i f ferences i n  veh ic le  

.*. ....... ........ ........ ......... ....... ..... 
response gain de r i v i ng  from the common i n s t a l  1  a t i on  o f  a1 t e r n a t i  ve 

t i r e  se lec t ions  a t  - a l l  wheel pos i t i ons  (no t i r e  mix) are 

genera l l y  small. thus, f o r  example, we,see a ra the r  small d i s -  

t i n c t i o n  between r e s u l t s  obtained w i t h  the  b ias-p ly  t i r e ,  H I ,  

and the s t i f f  r a d i a l ,  H4. A somewhat more s i g n i f i c a n t  departure 

derives, however, i n  the  case o f  the  anomalous cha rac te r i s t i cs  ( i n  

terms o f  C /F,, a t  l e a s t )  af farded by the r a d i a l  sample, H6. 
a 

4.2.5 Simulat ion Results - Heavy Bus. The GMC i n t e r c i t y  

coach was simulated on the  APL hybr id  computer w i t h  three se ts  o f  

t i r e s  and i n  both the loaded and empty condi t ions.  An expected, 

b u t  nonetheless, important feature o f  the r e s u l t s  o f  these calcu- 

1 a t ions  i s  t h a t  the unloaded veh ic le  exh ib i t s  decidedly 1 ess under- 

s tee r  than does the loaded-vehicle. This r e s u l t  i s  explained by 

no t i ng  t h a t  the empty veh ic le  has. a rearward biased -1 oad center,  

w i t h  i t s  engine cant i levered-  we l l  a f t  o f  the  r e a r  axle. As the 

bus becomes loaded, w i t h  i t s  passenger and cargo areas located 

forward o f  the empty veh ic le ' s  mass center, the t o t a l  veh ic le  c.g. 

i s  t rans la ted  forward considerably. Since both- the bias- and 

r a d i a l - p l y  bus t i r e s  exh ib i t ed  a s i g n i f i c a n t  curvature o f  t h e i r  

CJF, re la t i onsh ip ,  the forward t r a n s l a t i o n  o f  the mass center i s  

inadequately compensated by t h e  upward increment i n  f r o n t  t i r e  

. corner ing s t i f f n e s s .  Accordingly, the expression 

becomes i ncreas i ngl y p0s.i ti ve (more unders t e e r )  as the  bus i s 

1 oaded. 

I n  Figures 4.17 and 4.18, t he  trapezoidal s teer  response 

o f  the bus i s  shown f o r  s i n u i a t i o n s  a t  3G and 50 mph and f o r  the 

loaded and unloaded veh ic le  conf iguraci ons . Dif ferences in 
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Table C-3. TlRF TEST SCHEDU:LE - CORSERIXG TESTS 

Uniroyal 10.00 - 2  OF, Ri-m 8 in 

Inflatior, Fressu;:e l 0 0  p s i  



*Instead of 5430 lb,  as scheduled by HSRI 

Table C-4. TIRF TEST SCHEDULE - BRAKIXG/CORXEF,IXG TESTS 

Longitudinal Slip From 0 to - I  

Uniroyal 10.00-20F, Rim 8 in 

Inflation Pressure 10C p s i  

0 0 0 0  
E = 0 ,  2 ,  S C ,  8 











SLIP At.4GI.E (LEG i 





1:  F 'I (LE5Z RUN 19- 1-32 

SLIP Ci:ii;LE (CEG 1 



RUN 20- 1-32 

SLIP ANGLE !CEG) 











UUN 24- 1-32 

1.CN 2.000 3.828 4.458 5.0543 6,&3 
f DIE ELAPSE0 ( SEC ) 





RUN 24- 1-32 



. - 

1 SLIP FdalrJLE ! UEG > RUN 25- 1-32 

I.BO@ 2.e38 5 4,CaO 
TIME ELAPSED ( SEC 



1 : ElrJRM. T R A C T I I X  FORCE RUN 25- 1-32 

TIME ELAPSED ( SEC > 



1 : t4ORMAL FORCE ( LES 3 



. 

1 : tIClPH. T RGCTIf IE FORCE RUN 25- 1-32 

- .  . 

SLIP RATIO 





1 : IJrJRM. TRtiCTIl iE FORCE RUN 27- 1-32 



Table C-6 

L I S T E D  DATA SYG13OLS 

FX 

FY 

SFY 

FZ 

AVL 

T F  

FR 

ElX 

bfl' 

MZ 

IiT . 

T 

B F T  

FORCES rWD >iG:.lENTS 

LOSGITUDISAL FORCE* 

LATIRAL FORCE* 

KEGATII 'E LXTER4S FORCE (-FY) 

NCURL FORCE* 

AN.4LOG ~'ERTIC:.\I, LOAD 

(DEF.  1) 
* 

ROLLIKG RESIST.4SCE (DEF.  2 )  

OI~ERTURS ITG :.!QIEST* 

ROLLI::G RESISTXVCE I~IONENT* 

A L I G ~ I K G  TORQUE* 

TPSINS:.IISS I O S  GUTPUT TORQUE [DEF . 3) 

MEEL TORQUE* 

BEARING F R I C T I 0 : i  TORQUE (DEF. 4 )  

PRESSURE 

I N F L A T I O S  PRESSURE 

S P E E D S  

ROAD SPEED 

\ W E E L  ROTtITIOKS P E R  EIIINIITZ 

V,'k:'tlEEL ROTi lT IOSS  PER M I L E  (3R kx) 
(DEF,  5 )  

LONGITUDINAL SLIP 

(DEF. 6)  

ANGLES -- 
SI.IP ANGLE- 

* 
IiiCI,IKl\TION t\.YGl,E 

ENGLISH 

Ib  

1 b 

Ib  

l b  

Ib  

1 b 

I b 

ft-lb 

ft-1b 

ft-lb 

ft-lb 

ft-lb 

ft- lb 

p r i  

mph 

TF"' 

rev/mi 



Table C-6 

LIST DATA SYb!BOLS (Cont ' d )  

* 
DEFINED ACCORDISG TO SAE 3670c 

SR43OLS 

RH 

RE 

TE 

NFX 

NFY 

h9fl 

MIZ 

F 

G 

H 

A 
i 

PAFWETERS 

TIRE RADII 

KAD IUS-LOADED* 
* 

RADIUS-EFFECTIVE (DEF, 8) 

TINE - 
TI3E ELAPSED 

TIRE COEFFICIENTS 

FX/FZ 

M / F Z  

IN/FZ 

r.rz/~z 

GM f-FUSCTION 

Gbl g-FUNCTION 

GM h-FUSCTION 

(24 ALIGSIXG TORQUE FUSCTION 

DIIIENSIOSS I 
EXGLISH 

in 

in 

sec 

- 
- 
- 
-. 
- 
- 
- 

ft 

S .  I .  

cm 

cm 

sec 

I 

- 
- 
- 
- 
- 
- 
- 

cm 
. 



Table C- i f  

KO. 

1 

2 

3 

4 

5 

6 

7 

8 

D E F I K I T I O ? ;  

TF = FX - - BFT x 1 2  (FOB PROGR4f1 CIISCKOUT) 
RH 

FR = -FX FOR F E E - F , O L L i K G  TIRE (T=O) 

HI = T - BFT; (FOR PROGwi CHECKOUT) 

BFT IS NEGATIVE 

N R = 60 .- 
RS 
N xRH' - 1; k* = 168.07 FOR E N G L I S H  SYSTE!; 

SR = 
k*x RS 265.26 FOR S . I . SYbTEJI 

LS - 1 
FREE ROLLIKG 

*RS 
R E = k -  N 





A-- - -- - -  . T A R U L A T E n  D A T A  
RUN: - 12- 1-32--' ' - 

---- - - RS - - - -  S A FZ FY F X MX MY M Z Htt NFY T  € 
40-41 -0.01 -69M4.35 -78-11 41.C4 47 -0 5 39-77 15-21 19-44 ----- 0-01 0 -0 l * - ~ O P  -- I---- -- --- - - - - - - - -- -= 
4 0 - 3 7 1  . C 6 ~ 7 0 4 C ; 9 4 ' - ~ 7 + 3 . 3 2 ' = 4 1 . 5 5 - -  146.8 1 3 ~ - a v -  -154.05'-- -- I Y  -47 
40 -33 1-99 -6996 -1'3 -133:-6- -46-70 240-87 44-70 2 5 4 - 9 7  19.4b 0-19 - - 4-00 - - -  - - 
40.37 4-00 -6954.43 -2375.t~ -- -51 -92  433.81 49-78 ' 371.74 19 -40 0 -34 6 .On 

-- 40-25 8-01 -7G00.39 -3305-64 -72-16 6 '3 .25  79-19 201014 19-33 - -- 0 -  50 -- a ( '  -- + - - - - 
4C-29  -- 12 -03 - - 6 S b D , r f i b -  -3702.49 ---a3.G7 - 724 -20 - 41..54-- I C Z - 5 9  19-29 0.54 10 -00 
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Measurements on each of eight t i r e  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 F,/F, a t  a l l  load 

and velocity conditions. Next, each t i r e ' s  run-by-run traction 
performance i s  represented in both tables and print-plots of 

Fx/Fz (1 abeled " M U X " )  versus longitudinal slip. . I % 

The following heavy t i r e s  are  represented i n  this data 

set .  

T i  re  Code Manufacturer - Model - Size 
/------.-- . 

H-1 \-.-,) Uni royal Triple Tread 10.00 x 20F 

H-4 .B.F.  Goodrich Mi lesaver Radi a1 10.00 R 206 
H .  D. R. 

H- 5 B.F. Goodrich ~ i l e s a v e r  Radial 10.00 R 206 
H.D.B. . 

H-6 Goody ear Unisteel R-1 10.00 R 206 

F i  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 i n  Radial XZA 11 R 22.5H 
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*.Sumnary - Uniroyal T r i p l e  Tread - 10.00 x 20F 









LL I * - I 
P 1 , I 
C. I I 
I I I 
LL. I 1 I 











n v, 
0 
0 
C 

LC U 
d d 
U ~ ~ G C S E Q ~ C F P Q C G - J J ~ ~ ~ V \ ~ - ~ C ~ L P ~ O ~  
LL j * . . . . . . . . . . . . . . . . . . . . . . . . . .  

C C c u C O F e ~ h ~ z c u h W & r ~ F I n ~ F t Q P C ( c ~  
0 K m Q 0 0 h ~ ~ ~ Z 0 f l - - b 5 f . ~ h 0 4  r n r s z - -  
I 0 a a c = e = c C C w w u ~ o c s c c ~ - e ~ -  v n 

.Q a c Z ~ ~ ~ N - U ~ D N C % ~ ~ C F ~ D F % I ~ ? ~ Z ~ P  
C. N ~ W C ~ ~ U G ~ . ~ - N N N & M & ~ % Z C F F . C ~ C  

8 LL - - m e " - " e d & * " . " - . - . -  
8 

rrs 
fa 

~ X ~ Q ~ C ~ - ~ - S S S Q O P D D ~ ~ ~ Y N ~ ~ ~ O ~ ~ - O  
. C ' s r h w ~ ~ ~ o b ~ ~ m ~ ~ r - ~ ~ ~ h F p . t < . c . L . c J  

r . . . . . . . . . . . . . . . . .  . . . . . . . . . a .  
W U 6 6 S 6 E 6 S ~ S 6 6 h C E 6 K 6 6 S C D 6 E E E E K  
U 

























rr: . 
9 
5 * 

rr. . 
? 
L 
3 
C 

C 

.9 

rC 
rn 

b' 



. l  
i 

1 I 
8 

, a 
! 
u r n  









C.. 



* 20 mph 
.c 

40 mph 
-4CI- 

t 3 

55 rnph 
. --4.- 

Summary .- F i  restone Power Drive - 10.00 x 20F 
191 









-. 

P P W  

* 
C C C  



















in. 





W 
5 
M 
P 
C 

Lu 
z 

la, c 
-I a 
W 
(L u 

z 
'1. = S ~ ~ W Q ~ + O ~ S ~ & O N S J ~ ~ N L ~ & ~ : L ~ * ~ ~ ) % +  * . * * * . . . * * * . . . * * . * . ~  I * . *  
$ $ X J N L C ~ t C f i ~ W h O - W G C f l - E & & I ~ h J i ? r Z . =  

LL LL - r g h ~ r % F C - - P - - w C  ~ U R C = C ~ - Z -  
r O . :. 0' 
w - ~ ~ m m a e = a ~ f i f i p r v r t s = ~ f o t z t c  
LL 

la, 
2 
I 
& 

6 A l r s O  ~ N ~ C Q ~ ~ V ~ C V C : ~ ~ V , Q . ~ U W F W  V F ;  
Q m * G ~ a a - - - N N * m ~ f ~ ~ * O * r O o ~ O O L  . e * . * . . . . . * . a  8 . .  I . . . .  O . .  * D . * . a  . O . .  . 
s & ~ ~ 3 ~ C G 8 3 ~ G Y 8 E ~ 6 5 ~ B y & ~ 6 ~ ~ d  

























Table F . 1 .  Tire Codes* 

Heavy Bus: 

HBO: Tire HI2 on al l  wheels 

HB1: Tire HIS on a1 1 wheels \ c  
HB2: Tire HI9 on al l  wheels ip ' 

HT2: Tire H4 on a11 wheels 

HT3: Tire H6 on a l l  wheels 

Light Van: 

EO: Tire L2 on al l  wheels ( 7 5  psi) 

El : Ti re L10 on a1 1 wheels 

E2: Tire L15 on a1 1 wheels 

E3: Tire 12  on a1 1 wheels (45 psi front, 75 psi rear) 

E4: Tire 12  on front wheels (45 psi) and L11 on rear wheels 

Pickup Truck 

FO: Tire L1 on a l i  wheels 

F1: Ti re L16 on a1 1 wheels 

F2: T i  re L13 on a1 1 wheels 

F3: Tire L1 on a1 1 wheels (45 psi front, 75 psi rear) 

*fires identified as per codings presented in Table 3.1. 
Recomnended inflation pressures except as indicated. 



Table F.2. Dictionary of Metrics for Simulated 
Trapezoidal and Si nusoidal Steer Maneuvers. 

Trapezoidal Steer 

STR4 : Maximum ---- steering wheel angle (deg) 

B ETAMX : Maximum absolute sides1 i p  angle during 
the 2-second time period ( t )  , beginning 
a t  the time of steering input (rad.) 

.--_ _ 
BETDMX : Maximum absolute value of the rate of change - i-- 

of sideslip angle during the time period t -- 

(rad/sec) . 
CUVRAT : Average path curvature ratios = (l/R)aV/(l/R)o 

where 
t 4 + 2  

1 1 - 1 
2sf 1 

(K) av = + I  = z fxIi 
4 f i=l 

and 

t 4  is  t h e  time of t h e  s t e e r i n g  input  

t4+l is  t h e  t ime 2 seconds a f t e r  t h e  s t e e r i n g  input  

i s .  the  average p a t h  curvature over t h e  [R) av 
above def ined  i n t e r v a l  [ t 4 ,  t 4 * l ]  

. *  

(klO i s  the  pa th  curvature  a t  to. 



Table F.2 (Cont.) 

AYMAX : Maximum l a t e r a l  acce le ra t i on  over  t h e  e n t i  r e  

maneuver t ime i n t e r v a l  ( g  ' s )  . 
M A X  : . Maximum yaw r a t e  over  t h e  e n t i r e  maneuver 

t ime  i n t e r v a l  ( rad/sec)  , 

PHIMAX: Maximum r o l l  angle over  t h e  e n t i r e  maneuver 

t ime  i n t e r v a l  (deg) . 
S inuso ida l  S t e e r  

STR5 : Maximum s t e e r i n g  wheel angle (deg).  

AYMAX : Maximum 1 a t e r a l  a c c e l e r a t i o n  over  t he  e n t i  r e  

maneuver t i m e  i n t e r v a l  ( g ' s )  , 

DEL: L a t e r a l  d e v i a t i o n  o f  t h e  v e h i c l e  p o s i t i o n  

from t h e  "des i red"  1 2 - f t  lane change a t  t he  

complet ion o f  t h e  maneuver ( f t ) .  

BETAMAX : Maximum abso lu te  va lue  o f  s i d e s l i p  angle 

du r i ng  t he  t ime  p e r i o d  t ( rad) .  

DELPSI : Veh ic le  heading angle a t  t he  complet ion o f  
t h e  maneuver ( rad)  . 

UIN: I n i t i a l  v e l o c i t y  (mph). 

'PHIMAX : Maximum r o l l  angle over  t h e  e n t i r e  maneuver 

t ime  i n t e r v a l  (deg) . 



Fig. 1: HSRl mobile traction dynamometer for truck tires 

LONGITUDINAL SUP,% 

Fig. 2: Typiul load and velocity influences on the Fx/F, versus slip behavior 
of a 10.00 x 20lF tire, as measured on a dry asphalt surface. 
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Fig, 3: Load sensitivity in the peak and slide traction of a six-tire sample on 
dry asphalt All tcru run at 64 kmlh. 

10.00 x X)/F 
(3 different 

VELOCITY, KM/H 

Fig 5: The differing influence of pavement surface on the velocity 
sensitivities of two tires. 

b I I I 

5 I0 15 20 25 
SLIP ANGLE, DEGREES 

Fig 6: Typical load sensitivities in the side for= response of a sample of 
10.00 x 20 tira tested at 32 km/h on a dry concrete surfaa. 

4: Velocity sensitivity of the peek a d  slide traction vdua for a rix- 
tire mmple on dry asphalt All tires operated at thdr respective 
T & RA rated lod. 



SLlP ANGLE, DEGREES 

Fig. 7: Typical velocity sensitivities in the side force response of a sample 
of 10.00 x 20 tirce tested at the T & RA rated lord on a dry concrete 
surface. 
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SLlP ANGLE, DEGREES 

Fig. 8: Changing side force behavior of a 10.00 x 20 tire as a result of 
test-induced wear. 
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ENVELOPE OF SLIDE VALUES 
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A FIRESTONE TRANSPORT 200 
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i 

DRY CONCRETE, RATED LOAD 

SPEED, mph 

Figure 12. Peak and slide values versus speed for bias-ply 
tires a t  rated load on dry concrete. 
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0 GOODYEAR CUSTOM CROSS RIB 
I UNIROYAL FLEET MASTER SUPER LUG 
A FIRESTONE TRANSPORT 200 
A GOOOYEAR SUPER HI MlLER 
0 GENERAL GTX 
0 FIRESTONE TRANSPORT 1 

.9 ENVELOPE OF PEAK VALUES 

ENVELOPE OF SLIDE VALUES 

t WET CONCRETE, RATED LOAD 

SPEED, mph 
Figure 14. Peak and slide values versus speed for bias-ply 

t i r es  at  rated load on wet concrete. 
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Figure 16. Peak and sl ide values versus load for bias-ply 
t i r es  a t  20 mph on dry concrete. 
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A Firestone Transteel 

F i  res tone Trans tee1 Traction 

0 Goodyear Unisteel R-1 
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Envelope o f  Peak Values 

Envelope of Sl ide Val ues 
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. . 

Fz'Fz~a ted 
Figure 17. Peak and s l ide  values versus load for  radial 

t i r e s  a t  20 mph on dry concrete. 
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Figure 18. Peak and s l ide values versus load for  bias-ply 
t i r e s  a t  20 mph on wet concrete. 
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Figure 19. Peak and s l ide  values versus load fo r  radial t i r e s  
a t  20 mph on wet concrete. 
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Figure C-1. Normalized lateral force versus s l ip  angle data a t  
nominal vehicle speeds of 20, 40 and 55 mgh. The 
bias-pl y , 10 : 00-20, 1 oad range F, F.Lrestone Transport 1 
t i r e s  were tested on a dry Portland cement concrete 
surface. Tire load was 5527 pounds. 
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Figure C-2. 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 R&RA rated load. 
The bias-ply,  10:OO-20, load range F, Firestone Transport 
1 t i r e s  were t es ted  on a dry Portland cement concrete 
surface.  Nominal vehicle speed was 40 mph. 
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Figure C-3. Lateral force versus s l ip  angle data for repeated 
tests  a t  rated load and a vehicle speed o f  40 mph. 
The bias-ply, 10:OO-20, load range 6 Firestone Trans- 
port 1 t i r e s  were tested on a dry Port1 and cement 
concrete surface. 
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Figure C-4. Normalized lateral force versus s l i p  angle data a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
bias-ply , 10:OO-20, 1 oad range F, Firestone Transport 
1 t i r es  were tested on a wet Portland cement concrete 
surface. Tire load was 4867 pounds. 
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Figure C-5. Normalized la tera l  force versus s l i p  angle fo r  nominal 
t i r e  loads of 0.5, 1.0, and 1 .5  times T&RA rated load. 
The bias-ply, 10:OO-20, load range F,  Firestone Trans- 
port 1 t i r e s  were tested on a wet Portland cement 
concrete surface. Nominal vehicle speed was 40 mph. 
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Figure C-6. Lateral force versus s l i p  angle data for repeated 
t e s t s  a t  rated load and a vehicle speed o f  40 mph. 
The bias-ply, 10:OO-20, load range F, Firestone 
Transport 1 t i r e s  were tested cn a wet Portland 
cement concrete surface. 
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Figure C-7. Normalized l a t e r a l  f o r ce  versus s l i p  angle data  a t  
nominal veh ic le  speeds of 20, 40 and 55 mph. The 
bias-ply , 10:00-20, load range F ,  Firestone Trans- 
por t  200 tires were t e s t ed  on a dry Portland cement 
concrete  sur face .  T i r e  1 oad was 5437 pounds. 
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Figure C-9. Lateral force versus slip angle data for repeated 
tests a t  rated load and a vehicle speed of 40 mph. 
The bias-ply , 10:OO-20, load range F, Firesatone 
Transport 200 t i res  were tested on a dry Portland 
cement concrete surface. 



Figure C-10. Normalized lateral force versus s l i p  angle d a t a  a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
bias-ply , 10:OO-20, 1 cad range F, Firestone Transport 
200 tires were tested on a wet Portland cement concrete 
surface. Tire load was 4743 pounds. 
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Figure C-11 . Normal ized 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 bias-ply, 10:OO-20, load range F, Firestone Trans- 
port 200 t i r e s  were tested on a wet Portland cement 

-concrete surface. Nominal vehicle speed was 40 mph. 
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Figure C-12. Lateral force versus s l i p  angle data for repeated 
t e s t s  a t  rated load and a vehicle soeed of 40 mph. 
The bias-ply, 10:OO-20, load range F ,  Firestone 
Transport 200 t i r e s  were tested on a wet Portland 
cement concrete surface. 



Figure C-13. Normalized la teral  force versus s l i p  angle data a t  
nominal vehicle speeds of 20, 40 and 55 mph. The 
bias-ply, 10:OO-20, load range F, General GTX t i r e s  
were tested on a dry Portland cement c o n c r e ~ u r f a c e  
Tire load was 5 5 m u n d s .  
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Figure C-14, Normalized l a te ra 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 
rated load. The bias-ply, 10:OO-20, load range F, 
General GTX t i r e s  were t e s t i d  on Portland 
cement concrete surface. Nominal vehicle speed was 
40 mph, 
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Figure C-15. Lateral force versus s l ip  angle data for repeated 
tests  a t  rated load and a vehicle speed of 40 mph. 
The bias-ply , 10:OO-20, 1 oad range F, General -GT4 
t i res  were tested on a dry Port1 and cement concrete - surface. 
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Figure C-17. Normalized l a te ra 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 
rated load. The bias-ply , 10:OO-20, load range F, 
General = t i r e s  were tested on a wet Portland 
cement concrete surface. Nominal vehicle speed was 
40 mph. 
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Figure C-16. Normalized l a t e r a l  fo rce  versus sl ip angle data a t  
nominal vehicle speeds of 20,  40 and 55 mph. The 
bias-ply,  10:OO-20, load range F, General GTX t i r e s  
were tes ted  on a wet Portland cement concrete surface.  
T i re  load was 4776 pounds. 
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Figure C-18. Lateral force versus s l ip  angle data for repeated 
tests  a t  rated load and a vehicle speed o f  40 mph. 
The bias-ply,  10:OO-20, load range F,&eeral GTX 
t i res  were tested on a wet Portland cement concrete 
surface. - 
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Figure C-19. Normal ized lateral  force versus s l i p  angle data 
a t  nominal vehicle speeds of 20, 40 and 55 mph. 
The bias-ply, 10:OO-20, load range F, Goodyear 
Super Hi Miler t i r e s  were tested on a dry Portland 
cement concrete surface. Tire load was 5530 pounds. 
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Figure C-20. 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 . O ,  and 1 .5  times T&RA rated load. 
The bias-ply,  10:OQ-20, load range F, Goodyear Super 
Hi Miler t i r e s  were tes ted  on a dry Portland cement 
concrete surface.  Nominal vehicle speed was 40 mph. 
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Figure C-21. Lateral force versus s l i p  angle data for repeated 
tes t s  a t  rated load and a vehicle speed of 40 mph. 
The bias-ply, 10:OO-20, load range F ,  Goodyear Super 
Hi Miler t i r e s  were tested on a dry Portland cement 
concrete surf ace. 
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Figure C-22. Normalized lateral  force versus s l ip  angle data 
a t  nominal vehicle speeds of 20 ,  40 and 55 mph. 
The bias-ply, 10:00-20, load range F, Goodyear 
Super Hi Miler t i r e s  were tested on a w e t  Portland 
cement concrete surface. Tire load was 4761 pounds, 



Figure C-23. 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 bias-ply, 10:OO-20, load range F ,  
Goodyear Super Hi Mi le r  t i r e s  were tested on a wet 
Port1 and cement concrete surface. Nominal vehicle 
speed was 40 mph. 
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Figure C-24. Lateral force versus s l ip  angle data for repeated 
tes ts  a t  rated load and a v e h i c l e  speed of 40 mph, 
The bias-ply, 10:OO-20, load range F ,  Goodyear Super 
Hi Mi le r  t i r es  were tested on a wet Portland cement 
concrete surface. 
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Figure C-25, Normalized lateral force versus sl ip angle data 
a t  nominal vehicle speeds of 20, 40 and 55 mph. 
The bias-ply, 10:OO-20, load range F, Goodyear 
Custom Cross Rib  Hi Miler t i r es  were tested on a 
dry Portland cement concrete surface. Tire load 
was 5526 pounds. 
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Figure C-26. Normalized la te ra l  force versus s l i p  angle f o r  
nominal t i r e  loads of 0.5, 1 . O ,  and 1.5 times T&RA 
rated load. The bias-ply, 70:OO-20, load range F ,  
Goodyear Custom Cross Rib  H i  Miler t i r e s  were tested 
on a dry Portland cement concrete surface. Nominal 
vehicle speed was 40 mph. 
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Figure C-27. Lateral force versus s l ip  angle data for repeated 
tes t s  a t  rated load and a vehicle speed of 40 mph. 
The bias-ply, 10:OO-20, load range F, Goodyear 
Custom Cross Rib H i  Miler t i r e s  were tested on a 
dry Port1 and cement concrete surface. 
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Figure C-29. Normalized lateral 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 bias-ply, 10:OO-20, load range F ,  Goodyear Custom 
Cross Rib t i r e s  were tested on a wet Portland cement 
concrete surface. Nominal vehicle speed was 40 mph. 
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Figure C-30. Lateral force versuk s l ip  angle data for repeated 
tests  a t  rated load and a vehicle speed of 40 mph. 
The bias-ply, 10:OO-20, load range F, Goodyear Custom 
Cross Rib t i r e s  were tested on a wet Portland cement 
concrete surface. / 
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Figure C-31. Normalized l a t e r a l  f o r c e  versus s l i p  angle  da t a  a t  
nominal veh i c l e  speeds of 20, 40 and 55 mph. The 
bias-ply , 10:OO-20, load range F, Uniroyal Fleetmaster  
Super Lug t i r e s  were t e s t e d  on a d ry  Port land cement 
concre te  sur face .  T i r e  load was 5512 pounds. 



Figure C-32. 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 P&RA 
rated load. The bias-ply,  10:OO-20, load range F, 
Uniroyal Fleetmaster Super Lug t i r e s  were tes ted  on 
a dry Portland eement concrete surface.  Nominal 
vehicle speed was 40 mph. 
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Figure C-33. 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 40 mph. 
The bias-ply, 10:OO-20, load range F, UniroyaF 
Fleetmaster Super Lug t i r e s  were tested on a dry 
Port1 and cement concrete surf ace. 
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Figure C-35. Normalized l a te ra l  force versus slip angle f o r  
nominal t i re  loads of 0.5, 1.0, and 1.5 times T&RA 
rated load. The bias-ply, 10:OO-20, load range F, 
Uniroyal Fleetmaster Super Lug t i r e s  were tested on 
a wet Portland cement concrete surface. Nominal 
vehicle speed was 40 mph. 



- RUN - RUN - RUN - RUN - RUN 

5.98 19.90 15.99 20.9U 
RLPHA CDEGREESI 

Figure C-36. Lateral force versus s l ip  angle d a t a  for repeated 
tes ts  ar rated load and a vehicle speed o f  40 mph. 
The bias-ply, 10:OO-20, load range F, Uniroyal 
Fleetmaster Super bug t i r es  were tested on a wet 
Port1 and 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 rand  and p o p u l a r i t y .  The number of t i r e s  of  each  brand 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  of t h e  

s a l e s  o f  t h a t  b r a n d ,  and t h e  r e l a t i v e  number o f  t i r e s  o f  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 t y  o f  t h e  t y p e s ,  Tab le  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 rks  were o f  t h e  10 .00  x  20 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  6 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 90  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 ,620 I b s .  

Each t i r e  was warmed-up by t r a v e l i n g  about  s i x  m i l e s  at: 5 0  

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  of  one sec:ond 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 

Two pavements 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  Olhio. 

One s u r f a c e  was a h o t  mixed b i tuminbus  a s p h a l t  pavement w i t h  

a nominal  ASTM E274-70 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 E274-70 s k i d  number of  3 5 .  



TABLE 1, TEST TIRES 

TIRE 
NO. 

% OF 
MARKET* 

Goodyear 
Goodyear 
Goodyear 
Goodyear 
Goodyear 
Firestone 
Firestone 
Fires tone 
Firestone 
Kelly-Springfield 
Kelly-Springfield 
General 
General 
Michelin 
Flichelin 
Uniroyal 
IJniroya1 
B.F. Goodrich 
B.F. Goodrich 
Sears 
Sears 
Arms trong 
Dayton 
Recap 

CARCASS 
TYPE 

TREAD 
TYPE 

IJnisteel-2 
Himiler Special 
Custom quiet Drive 
SuperHiMiler 
Custom Hi-Miler 
Power Drive 
Transteel 
Lonp Hauler 
Super All Traction 
Registered Armor-Trac 
Registered Drive Trac 
GQT 
QCL 
XZA 
xzz 
Fleetmaster Triple Tread 
Fleetmaster Superlug 
Extra Pli-ler X L  
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 



F i g .  1 

Locked Wheel Braking Force C o e f f i c i e n t  ( p  ) o f  t h e  Control T ire s  V s .  
Consecutive Number o f  T ire s  Tested (fi7 a t  4 0  MPH on Concrete 
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Fig. 3 

Peak Braking Force Coefficient ( p X p )  of the Control Tires Vs. Consecutive 
Number of Tires Tested (N) at 4 0  MPH-on Concrete 









F i g .  7 

Locked Wheel Braking Force Coefficient (uxs)  of the Control Tires Vs. 
Consecutive Number of Tires Tested (N) at 40 MPH on Asphalt 
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TABLE 2 

TRUCK T I R E  TRACTION FORCE COEFFICIENTS ON CONCRETE CORRECTED FOR SURFACE WEAR 

r 2A 
2B 
4A 
4B 
561. 
5B 
8A 

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

1 2 B  
R 1 6 A  
I 1 6 B  

24B 

6A 
6 B 

B 9A  
I 9B 
A 1 l A  
S 1 1 B  

1 3A 
L 13B  
U 17A 1 ;: 2 1  B 

R 1 B  
A 7 A  
D 7B  

1423 
R 1 4 B  
I f 5 A  
B 1 5 B  - 

RE 26A  
CAP 26B 

T I R E  
TYPE 

T I R E  
NO. 

I ' 
40 mph 

avg s 
4 0  mph 

avg s 
5 5  mph 

avg s 
5 5  mph 

avg s 
40 mph 

avg s 
5 5  mph 

avg s 



TABLE 3 
TRUCK T I R E  TRACTION FORCE COEFFICIENTS ON ASPHALT CORRECTED FOR SURFACE WEAR 

- 
RE 
CAP 

T I R E  
TYPE 

T I R E  
NO. 

. pxs p x ~  
40 mph 

avq I s 
55  mph 40 mph 55 mph 40 mph 

a v g ]  s avg I s avg 1 s  avg 











F i g .  1 8  

Histogram of the Test Sample Distribution for Peak Lateral Force Coefficient ( u y p )  
I 

at 4 0  MPH on Concrete and a Prediction of the Population Distribution A 
a- 





Fig. 20 Pxs 
Histogram of Test Sample Distribution for Locked Wheel Braking Coefficient (ux,) 

at 40 PIPH on Asphalt and a Prediction of the Population Distribution 
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T A a L E  4 .  S A M P L E  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  A T  EACH 
S P E E D  AND S U R F A C E  

t 





TABLE 5. CORRELATION BETWEEN TRACTION PROPERTIES 

COMPARISON 

1 

P x s  V S '  lJ 
X P  

vs .u  
YP 

liyp 
v s . p  

X  P 

J 

/ 

CONCRETE 

4 0  mph 

. a 7 6  

. o o s  

, 4 0 5  

ASPHALT 

5 5  mph 

. 7 2 0  

. 0 5 7  

. 2 8 5  

r 

4 0  mph 

. 563  

. 20 

- .  2 3  

5 5  mph 

. 4 0 0  

. 0 s  

0 6  



Tire : R. yqr.sy T I  ead LC .20/F ( ~ e w )  Rim:  2 0 ~ 7 . 5 0  ! a 
P * 

A'EFAL FCRCE vs SLIP Ali:;Li AND tXRTICAL LOAD 

Vertical Infla.; i a 11 Iwteral  Force a t  Indicated S l ip  Angle (degs.) 
Load Ress i  1-6 

( l b s . )  ( p s i :  1 2 4 8 12 16 -- .."- -. ----- 
5: 245 444 7% 1008 1195 1160 

14 00 19 5 214 399 688 971 1050 1115 
10c 190 360 681 1088 1218 1.309 

ALIGNING TORQUE vs SLII' P>NI;T;F: ILI!lTJ VERTICAL LOAD 

Ver$ical Inf'la,t .I, c n 
Load Press ars  

( l b s . )  (pst i l  -- - - --. 
:i( ) 

1400 Eifj 

100 

Aligning Torque a t  Indicated S l ip  Angle (degs . ) 

*-indicates  Loaas beyord the! capac:.ty of the Load c e l l s  
9 



AL1GI;IIIG TORLUE vs SLIP ANGLE AND VERTICAL LOAD (Continur.4) 

Vertical I n f l a t  ior. Aligninlr Torque a t  Indicated S l i p  Angle ( d e ~ s  . ) 
Lsad h e s s u r e  

( l b s . )  ( p s i )  1 2 4 & 12 1t - 
50 147 273 h57 561 500 346 

6705 8 5 126 229 3% 372 315 207 
loo 111 201 370 478 384 278 

CIRCUMFERENTIAL STIFFNESS vs SLIP ANGLE AND NORMAL LOAD 
, 

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

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

50 
2800 85 28,000 

100 



Ti r e  : Lug Type 11:: -PO/'? (Em) Rim: 2 0 ~ 7 . 5 0  

1 LATERAL FORCE vs SL: I) APIGILE AND VEI ;:ICIAL LOAD 

Vert ica'l I! ,l?lla tAon 1:ateral. Force a t  Indicated S l i p  Angle (degs. ) 
Load Fressiure .,---. 

( l b s  . ) (psi.) 1 2 4 8 12 - - --.-- 16 .--., - - - - - 
Z423 464 210 1103 7 1559 

14 00 I -  ' .> 1.9:j 373 625 946 1149 1380 
~ C : I C )  1.99 373 664 1067 1205 1213 

I A L I G N I N 3  TOR- vs SLIT ,ANCLF ANO iEI?Tl:CP,I MAD 

Vertical  I?flaation A:Li@;nJ.ng Torque a t  Indicated S l i p  Angbe (degs. ) 
Load I ress8ul:e - 3 -  

( l b s . )  (ps i )  I. 2 4 8 12 16 - .--- --- - -- 
5 0 22 39 38 30 10 b 

14 00 8 5 'L9 30 37 35 23 8 
loo '16 26 40 37 22 8 



ALIGI'IIILTG TGRQUE vs SLIP A X L E  AND VERTICAL LOAD ( C o n t i n u e d :  

'dert i c a l  I n f l a t i  or. Aligning Torque a t  Indicated S l ip  Anrle (degs . ) 
Load Pressure 

( l b s . )  ( p s i )  . - - -  1 2 ~r 8 12 1E - 
5 0 155 295 431 398 2&? 371 

6700 8 5 121 226 343 377 313 253 
100 116 215 355 434 326 172 

CIRCUMFERENTIAL STIFFNESS vs SLIP ANGLE AND NORMAL LOAD 

Vert i e a l  Inf l e t  ion Ver t ica l  , 
Load Pressure Spring Rate 
( ~ b s .  ) (psi) ( ~ b s .  ) ( l b s .  /in.) 

50 
2800 85 20,000 

100 



Tire : Cornpetit l ve Higllw:,~. Tiread 10-2@/~  ( ~ e w )  R i m :  20~7 .50  

LATERAL .FORCE vs SLIP I\NCY.LE AN2 VI;RTICAL LOAD 
1 

Vertical Inf la t i ,  on Lateral  Force ?.t Indicated S l ip  Angle (degs.) 
Load F r e ~ ~ s u r e  

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

50 273 475 912 U09 1466 U8P 
14 00 8 5 203 378 657 1002 1.148 1197 

100 260 3 8  655 1082 1257 1157 

ALIGNING TORQUE vs SLIP M'CLE A.:D VERTICAL LOAD 

Vertical  Inf la t ior .  Aligning Torque a t  Indicated S l ip  Angle (deqs.  ) 
Load Pressure 

( lbs .  ) ( p s i )  1 2 4 8 12 16 --. - - -  
50 29 40 63 42 18 2 

14 00 8 5 17 27 34 28 13 5 
100 1.2 28 33 33 15 1 



ALIGNING TISLLT vs SLIP A N G E  AND VERTICAL LOAD (continued) 

Ver t ica l  I n f l a t i o n  Aligning Torque a t  Indicated S l i p  Angle (dees. ) 
Load Pressure 

1 2 4 8 12 1 c  ( l b s . )  - ( p s i )  - - -  
5C 167 285 551 711 t39 378 

67 00 85 114 2C8 334 384 283 171 
100 112 202 320 443 332 144 

CIRCUMFERENTIAL STIFFNESS vs SLIP ANGLE AND NORMAL LOAD 
I 

Vertical I n f l a t i o n  Ver t i ca l  

Load Pressure Cs Spring Rate 

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

50 
2800 85 33,000 

100 



I- Tire: Half Worn Highway Tread 10-20/~ Rim:  20~7.50 

LATSRAL FORCE vs. SLIP ANGLE AM) VERTICAL MAD 

Vertical Inflation Lateral Force a t  Indicated S l i p  Angle (degs . ) 
Lsad Fressure 

( I ~ s . )  (p s i )  1 2 4 8 12 16 - - - -  
1400 85 363 620 965 1278 1633 1835 

ALIGNING TORQUE vs. SLIP ANGLE AND VERTICAL MA?J 

Vertical Inflation Aligning Torque a t  Indicated S l ip  Angle (degs.) 
Load Pressure 

(lbs.)  t psi) 1 2 4 8 12 16 - - - -  
ltoo 85 32 43 4 1  18 15 6 

2830 85 81 126 132 85 70 41 

CIRCUMFERENTIAL STIFFmS vs . SLIP ANGLE AND NORMAL MAD 

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

( lbs . )  ( p s i )  ( lbs . )  (lbs./in. ) 

5430 85 52 000 3939 



Tire: Fully Worn Highway Tread 10-20/F Rim: 20x7.Y 

SLIP ANGLE 

~ e r t  i c a l  
Load 

f l b s . )  - 
I n f l a t i o n  
Pressure 
I ps i )  

85 

A ? ? -  VERTICAL MAD 

Latera l  Force a t  Indicated S l i p  Angle ( degs. 

1 2 L 8 12 16 ___---- -  
391 769 1169 1426 1.529 1649 

ALIGNING TORQUE vs. SLIP ANGLE AW) VERTICAL MAD 

Ver t i ca 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 - - - _ - -  

1400 85 32 52 45 14 5 2 

CIRCUMFERENTIAL STIFFUISS vs . SLIP ANGLE AIiD NORMAL MAD 

Ver t i ca l  I n f l a t i o n  v e r t i c a l  
Load Pressure es Spring Rate 

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

5430 85 60,000 4600 


