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Overview

~ = Background. " - -

VL ObjeCtIVES > A
- Factors Affectlng Rolllng ReS|stance (RR)
e Pavement Propert|es Affectmg RR '

DI

o Conclusmns
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Fuel Economy

. Vehlcle aerodynamlcs (wmd reS|stance)
. Engme efﬂuency (mternal reS|stance)
e T|re road contact (rolhng re5|stance)
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Effect of Vehicle Speed

30 mph |

| % Rollmg Re5|stance 50%
| Internal Fr|ct|on 25%
~E A|r Drag 25% e

60 mph

. o Rollmg Re5|stance 30% 4

Internal Fr|ct|on 20% ‘

s A|r Drag 50% 5
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Objective and Scope

‘What pavemerit‘"prope'rfies’ have greatest 3
mfluence on rollmg resrstance & fuel economy?

Synthesrs of prlor research and srmulatlons

20+ studles mcluded m Ilterature revrew

Experlence on NCAT Pavement Test Track '
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;— “Errergy Iosses on e
o' S pavement surface

Rolling Resistance
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Eerce requrréd ,to keep

an 'object (l €. V\Lheel Qr

t'r e) mOV'ng A ~;;

— Internaffrlctlon Loses

deformatlon
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— Energy Iosses from tlre'
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R T i 9 e o m e
ST Road composrtlon

Factors Affecting Rolling Resistance

ey I\/IaterlalcompOSItlon ef tjre

T £ Roughness of trre and road

P Amblent alr temperature

B ,7-° Vehlcle speed

Ly T|re pressure
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Factors Affecting Rolling Resistance

e I\/IaterlalcomeSItlon af tJre
:'";‘.""f‘:“-‘,;" T I S g e o me

~.

: - Road composrtlon
et L Roughness of tlre and road

-";'g‘j'"- Amblent alr temperature
- Vehlcle speed .

N T|re pressure
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Pavement Properties Affecting RR

e Pavement Type f

. Deformatlon ~
> Smoothness & » ) ‘ |
. Texture
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Asphalt and concrete

Pavement Type
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had S|m|Iar rolllng
re5|stance coefflcrents

Dlrt and sand roadways Concrete
are |ess fuel efﬁcnent Asphalt
than erX|bIe and rlgld Dirt
pavements o

0.010-0.020

0.012 —0.022
0.025—0.037 §
0.060 —0.150

Walter and Conant (1974)
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Pavement Deformation

Deformatlon = Energy Loss
— T|re and Pavement e '

Modellng s }

._‘,— Two sprlngs ina ser|es R

o= Effectlve stiffness dommated %
by softer mater|al ' |
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Pavement Deformation

. Pavement versus t|re stlffness

7 Energy lost from pavement deflectlon <<
energy Iost from tire deflectlon )
"~ Most studles suggest RR effectlvely mdependent '
e el pavement stiffness : e
r _—Exceptlons sand d|rt sealed roads
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= Driver percelved

’?How does smoothness
-affect rolllng

_ re5|stance/fuel
‘economy?

Pavement Smoothness

Internatlonal Roughnesszi‘.f 95
Index(IRI) pel i

roughness

Affects wear and energy
loss in shock absorbers
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Effect on Rolling Resistance

"Road 1" SR

Vehlcle Speed 50 mph
1RI: 60|n/m|le

R Conteni 0532

Road 2

L jVehche Speed 50 mph
IRI 120 m/mlle '

RR Coeffi"cient:(_');0'1222 5

e I

g7 6% mcrease in rollmg

resistance
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Effect on Fuel Economy

8 Rolllng Re5|stance versus Fuel Economy |

—10%.i mcrease in: RR v 4% reductlon in fueI'
| economy ' | ‘

oo At 60 mph passenger vehlcles
'_ Ty 1 8to 2 4% mcrease |n fueI economy -
e WesTrack s iy
TS 10% reduCtlon in ’IR~‘| ,
—4.5% reduction in fuel consumption
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Pavement Texture

o Affects energy Ioss*due
“to wear and smaII scale
y -tlre contact - |

I\/Iegatextu re AN
T—SOmm HMmm'p
'I\/Iacrotextu )

FA—OSmm 50mm

3 I\/Ilcrotexture

— <0.5mm

Microtexture

Macrotexture
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Effect on Rolling Resistance

-+ Road 1’ SRR ' ‘Road:2 ,.
e Vehlcle Speed 30 mph -  jVehche Speed 30 mph
MPD: 0.5mm: f - MPD 1 5mm.

| R‘Rc:oefficient‘:'b;c)'izf-  * R Coefficent: 0.01404
et e s o i et 00 mcrease in rollmg
A Y "_A;r.eSIStaI’IC‘e

5.1% increase in fuel economy
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Sandberg (1990)‘.._. i

Effect on Fuel Economy

"l f,\i

Testmg parameters

b
ji- Twenty road Surfaces_ K
" Three speeds Rof ;

Macrotexture 5%

cha nge |n fuel economy I 5 AT PR A
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Effect on Rolling Resistance

-+ Road 1’ = Lot ' ‘Road: 2 ,- /
e Vehlcle Speed 60 mph -  jVehche Speed 60 mph"’
MPD: 0.5mm: f - MPD 1 5mm.

.R'.Rc:oe\fficient‘:p;o"lzf. "R Coefficient: 0. 0156' i
AR e .»‘30%|ncrease inrolling -
5 J._."_A;r_e5|star14ce

9% increase in fuel economy
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" = Sm»oathness'
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Conclusions

. St,ffness plays m|n|mal |mportance |n rolllng

21

reS|stance and fuel economy

“+ Smooth pavements can tncrease fueI economy

between 1. 8 and 4 5%
— More??? Wiy

. L|m|t|ng texture couId |mprove fuel economy
= I\/Iagnltude depends on speed A

250

f }.;,A ph |:1' chnolo gy

CAT

at AUBURN UNIVERSITY




NCAT Pavement Test Track

East Curve

North Tangent

South Tangent
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West Curve

West Curve

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Approximate Distance from Northwest Starting Point (feet)
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Questions ?
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