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ODbjectives

dDetermine pavement responses
generated by heavy agricultural equipment

JCompare measured responses to a typical
5-axle semi truck

dDevelop models to evaluate pavement
damage from heavy vehicles
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TEST OUTLINE AND KEY
RESULTS
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MnROAD Research Facility

1 A comprehensive
pavement research
facility

4 Constructed in 1994 and

located about 40 miles
NW of the Twin Cities

d Mainline and Low Volume |
Road (LVR) sections

U Originally more than
4 500 sensors embedded
within 40 sections

4 Strain gauges, LVDTSs,
thermocouples, pressure
cells, etc.
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PCC Test Sections

MnROAD Low Volume Road

33m34m35 36 37m38m39m‘10

25 [ 26 || 27 || 28 || 29 ] 30 | 31 52 |[ 53

Section Cell 32 (Thin section) Cell 54 (Thick section)
Surface 5 m. thick PCC 7.5 . thick PCC

‘ 10 ft = 12 ft undoweled 15 tt = 12 ft with 1 in. dowel

1 in. Class-11 :
- '_:I ) fCa
Base 6 in Class-1c 12 in. Class-6

Suberade A-4 subgrade soil A-4 subgrade soil
e (existing subgrade soil) (existing subgrade so1l)

e

e L

7t S
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Test Vehicles

ST NS,
ALk
UE

G1 (Case IH 9330, 1,000 hushels)

Mn80 (Navistar 80-kip)

T4 (Case |H 245, 7,300 gal)

Mn102 (Mack 102 kip)

T7 (Case |H 335, 7,300 gal) T8 {Case IH 335, 9,500 gal)

Ny =

T5 (Case H 485, 9500 gal) T6 (John Deere 8230, 6,000 gal)

Notes: R4, R5, and G1 are not normally loaded running down the road
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Order of Field Measurement of
Critical Tensile Strains on Cell 32
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Order of Field Measurement of
Critical Tensile Strains on Cell 54

D
o

a
o

N
o

Tensile Strain, pe
N w
o o

(=Y
o

%Hhu

R4 S4 S5 R5 T8 T6 T7 T1 T2 S3
Vehicle

o

60

n
o
I

N
o

Tensile Strain, pe
w
o
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0
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Vehicle

Notes: The reason why the maximum tensile strain produced by T1
and T6 are so great is because T1 was only tested in Spring 2008
while T6 has been tested four time during Spring 2009, Fall 2009,
Spring 2010, and Fall 2010. The tensile strains plotted in Figures
represent the maximum strain values for each test vehicle. Thus, the
effect of seasonal variation was also introduced into the results.

Season Vehicle Sensor

Spring 2008  S3/T1/T2
Fall 2008 R4
Spring 2009  R4/R5/S4/S5/T6/T7/T8/Mn80/Mn102
54CS6
Fall 2009 R5/T6/T7/T8/Mn80/Mn102
Spring 2010 R6/T6/Mn80/Mn102
Fall 2010 G1/T6/Mn80/Mn102
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Order of Critical Pavement Strains
Based on FE Analysis

250

200 -

Tensile Strain, pg
= =
o &)
o o
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o
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o
I

mCell 54
mCell 32

X ~

Vehicles

mCell 54
mCell 32
A FPeRp S
& S
Vehicles

k = 200 psi/in., AT = 0°F, E = 4.5 x 106 psi, p = 0.15

4 Cell 32: G1>T6>R6>R4>S4>T7>Mn102>R5>T5=T8>S5>Mn80>T2
4 Cell 54: G1>R6>R4>T6>S4>Mn102>R5>T7>S5>T5=T8>Mn80>T2
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Summary of Data Analysis

JG1 (88 kips) and R6 (75 Kkips) produce
higher pavement stresses & strains than
Mn80 (80 kips) and Mn102 (102 kips)

dMulti-axle vehicle configuration helps to
reduce pavement responses (stresses,
strains, & deflections) produced by the
farm equipment

As relative offset increases, pavement
responses decrease

JAs wander goes up, critical pavement
responses decrease
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Summary of Data Analysis (cont’)

dWhen operated fully loaded all the tested
farm equipment generate more stresses
and strains compared to standard semi-
truck (Mn80)

dCompared to empty farm equipment, fully
loaded MNROAD trucks produce higher
pavement responses (stresses, strains &
deflections)

dPavement responses measured in Spring
2009 are lower than those in other
seasons
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Recommendations

dVehicles should be driven 18-24 in. away
from the slab edge

dWhen applicable, dowel bars are
recommended to minimize the faulting
damage and to improve the load transfer
efficiency (LTE)

dTo carry the same amount of load, tridem
or quad axles are recommended for all
farm/heavy equipment — having more
axels Is better for the roadway systems as
the loads are distributed into a larger area
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Recommendations (cont’)

dThe impact of farm equipment on
transportation infrastructure system should
be studied before the equipment design Is
finalized (gross weight, axle weight,
number of axels, axle spacing, wheel
spacing, tire pressure, etc.)

dPavement design engineers should take
Into account the existing farm equipment
load levels, axle configuration, tire
pressure, etc. for pavement design
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What can be done to prevent damage
On concrete pavement systems

L Avoid edge loading

L Avoid early Spring loading

U Distribute the loads evenly between the axles
 Avoid single axle loading when possible

L Use dowel bars in transverse joints for better load
transfer mechanism

L A better drainage (especially for the pavement
foundation) system would lead to better
performing, long lasting concrete pavements

d Having shoulders would help improve the
pavement performance and life
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Question from the last web meeting
(Kevin Erb)

1 million gallons of product (water) is to be
moved. Which vehicle would cause the
least damage on the concrete roads?

dTwo concrete pavement sections
considered:
(1) 5-in thick and (2) 7-in thick JPCP
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Estimated Product Weights in One

Move
Max Volume

Capacity*, Max Weight Number of

Vehicle gallons Weight**, Ibs. Passes***
R6 4,200 34,860 238
S4 4,650 38,595 215
S5 4,650 38,595 215
T2 4,000 33,200 250
16 6,000 49,800 167
17 7,300 60,590 137
T8 9,500 78,850 105
Mn102 7,650 63,495 131
Mn80 6,000 49,800 167

* Estimated

** | gallon = 8.3 Ibs.

*** Number of passes = 1,000,000 gallons (8,300,000 Ibs.)/Max Capacity
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5-in thick JPCP, Fatigue Damage

4.00

3.50 5-in thick JPCP
T
% 3.00
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0.50

0.00 . . [ -
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/-In thick JPCP, Fatigue Damage

Damage, N/Nf

0.30

0.25

0.20

0.15

0.10

0.05

0.00

7-in thick JPCP

R6

T6 54

Mn102 T7 S5 T8 Mn80 T2
Vehicle
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THANK YOU !l

Questions?
Comments?



FIELD TESTING
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PCC Test Sections

MnROAD Low Volume Road

33m34m35 36 37m38m39m‘10

25 [ 26 || 27 || 28 || 29 ] 30 | 31 52 |[ 53

Section Cell 32 (Thin section) Cell 54 (Thick section)
Surface 5 m. thick PCC 7.5 . thick PCC

‘ 10 ft = 12 ft undoweled 15 tt = 12 ft with 1 in. dowel

1 in. Class-11 :
- '_:I ) fCa
Base 6 in Class-1c 12 in. Class-6

Suberade A-4 subgrade soil A-4 subgrade soil
e (existing subgrade soil) (existing subgrade so1l)

e

e L

7t S
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Cell 32 — Sensor Instrumentation

Profile view
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Plan view
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Cell 32 — Sensor Instrumentation

(Fall 2010)
d Strain Gauge

Profile view
. 0.4 | » Longitudinal
CS1 1 ] [ 1 CS3
P Traffic Direction 5
~
cs2 . Cs4
J1228 524t — .
Middle of Panel Plan view
Sensors | Distance from J1228 (ft.) | Distance from Surface (in.) * CSHCSIQ_' I_cl;sg,rcm
CS1 5.06 078 1 Lol ... I R S S R P R O S =T =T
CS2 5.08 4.80
CS3 5.40 0.78 Traffic Direction
CS4 5.38 4.68 12" l:l <
:; ECL P TLE o Lk ) el ol Tl — L= = =
""" OFFSET
10'
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Cell 54 — Sensor Instrumentation

Profile view

d Strain Gauge

» Longitudinal
dLVDTs

Plan view

ﬂl;{} Traffic Direction I\L”O-“” ll, 05
Lo E._ —
R ] Too
Q
9 %
o 75 73 SR K
~ .
= =
425 325

©
a
£
o
2 = Strain Gauge

& Vertical LVDT
<> Horizontal LVDT
(O Clip Gauge

Subgrade
Soil

(
N

New PL-6
gauges at
and -.542', on
pavement edge, on pvmt. Edge,
+12.25' from CL,

12

0-11 strain - New PL-60-11
-0.083' strain at -.083

12.25' from CL,
CS5 and . CS1 and

DT 8

New PL-80-11 strain
gauges at -0.083'
and -.542 feet, and -.542' on
pavement edge,
+12.25 from CL,

CE 1

New embedded
EPT 5 CE, -0.375 inches,
+11.5" from CL,
CE2-and CE3

DT-2
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Relative Offset

L Relative offset Is the distance from the center of
wheel to the sensor location

1 Relative offset is calculated by: z=x -y + a/2

U Positive value: towards centerline, negative value:
toward shoulder

— Sensor Location, y

= = I Traffic wander, x
Relative Offset, z
__________ Tire width,

v '+ OFFSET

" OFFSET
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Data Collection

Test Date
Spring 2008 (March 24t — 26t)
Fall 2008 (August 26t — 29"
Spring 2009 (March 16t — 20t)
Fall 2009 (August 24th — 28th)
Spring 2010 (March 15t — 18th)
Fall 2010 (August 18th — 19t)

Vehicle Passes

48
72

170
360
344
204
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ANALYSIS OF FIELD DATA
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Effect of Vehicle Type on Strains

(o2}
o

dPavement response

50 -
order: s | " i%;
& ] C54_100%_G1
>G1>R6>T6 > Mn80 @ 30 o2 %C54_100%_R6
i X %RK; %g ®C54_100%_T6
> 355 g % Ko K X C54_Mn80

m 58
10 0 f x mC54_100%_S5*
/N

dHeaviest axle
governs, instead of

the gross vehicle
weight

oo Loe L Lol [

Last Axle

Gross 75 90 80 87 55

*: proportioned from 80% to 100%
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Effect of Load Level on Strains

JAs load level
Increases, the
pavement tensile
strains Increase

Tensile Strain, pe
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R6 (AGCO Terragator 3104)

XC54_100%_R6
% C54_50%_R6

C54_Mn80

20 40 60
Relative Offset, in.

%
®
4
A
k ° ®C54_100%_T6
U C54 Mn80
30, o
° ©C54 50%_T6
&®»
.q~ . ®C54 0% _T6
G TS

0 20 40 [g——- Y
Relative Offset, in.
—

weight | __Re | 76
(kips)

50% 100% 50% 100%
1st Axle 28 33 8 6
2nd Axle 29 42 21 24
3d Axle 17 26
4th Axle 21 34
Gross 57 75 67 90
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Effect of Tire Type on Strains

S4 (Homemade 4,400 gal-radial tires)

- #C54_80%_S4
‘—'7 BmC54 80%_S5 -

Axle weight (kips) Tire Pressure (psi)

Vehicle S4 S5 S4 S5
1st axle 14 18 81 99
2" axle 19 20 94 94
3 axle 20 20 81 73

— S4: Radial tires
e

S5: Flotation tires

20
Relative Offset, in.

30

1 No significant differences
between flotation and

radial tires

Axle weight (kips) Tire Pressure (psi)

Vehicle S4
1st axle 13
2rd gxle 15

3 axle 16

S5
16
16
15

S4
88
81
77

S5

3 .
—4.9__._‘
= 35
* ®
I ®
S JU ‘
n 25 Om
o - m * #C54_50%_S4
2 i * o mC54 50% S5
|_ ﬁ
10 m
10 0 10 20 30

Relative Offset, in.

97
90
81
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Effect of Slab Thickness on Strains

140
120
_Ef 100 Cell 32 (Thin section)
-E 80 5 in. thﬂick PCC
2 o C32 0% 61 ,/ 10 ft = 12 ft undoweled
2 —C54 0% _G1 5| Cell 54 (Thick section)
= 40 7.5 in. thick PCC
20 — = - 15 ft = 12 ft with 1 in. dowel
° o 10 20 30 40 50 140
Relative Offset, in. 120
Q Thicker pavement slab .
helps to reduce pavement | : _ c22_100% 61
tensile strains § 1 ~== =C54_100% G1
[ Thinner pavement slab is . ==
more sensitive to heavy T T w40 e
|Oad | n gS Relative Offset, in.
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Effect of Slab Length on Strains
(FE anaIyS|s)

U Correlation between slab
length and maximum
tensile stress varies from
vehicle to vehicle

4 For G1 and T6, as slab
length increases, the
pavement maximum
tensile stress decreases

1 For R6, maximum tensile
stress increases first and
then drops

4 For S5 and Mn80, as slab
length increases,
pavement maximum
tensile stress increases

\l

2]
o
o

o
<
[ |
[ |

|

¢G1l

ER6
T6

X S5
Mn80

o
o

o
o

PN W A~ g
S
S]
A
A

o
o

Maximum Tensile Stress, psi

o

0 5 10 15 20 25
Slab Length, ft

Notes: h =7 in., k = 200 ksi, E = 4.5M psi, 4 = 0.15
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Effect of Seasonal Change on

Strains

] Pavement tensile strains
produced by Mn80 and

ower than those
oroduced during other
seasons

Mn102 in Spring 2009 are

60
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o o
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in102

oy C54_Mn102_S2009

20 -' mC54_Mn102_F2009
i [ | H_". mC54_Mn102_S2010
[ | B

C54_Mn102_F2010

Tensile Strain, pe
I
(o] [«

-10 0 10 20 30 40 50
Relative Offset, in.

.Mn80 iL

C54_Mn80_S2009

#C54_Mn80_S2010
C54_Mn80_F2010

A Similar field conditions
for the other seasons

» Subgrade freeze/thaw
condition
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Effect of Modulus of Subgrade
Reaction on Stress (FE analysis)

1 As k value Increases,
the maximum tensile
stress decreases

U Nonlinear relationship

1 G1 produces the
highest maximum
tensile stress for all k
value

1 Mn80 produces the
least maximum tensile
stress for all k value

1000
900
800
700
600
500
400
300
200
100

0

Maximum Tensile Stress, psi

0

» <
L 2
O * o ~ *G1
[ |
B mR6
% » T6
A % poS < 4 X S5
Mn80
100 200 300 400

Modulus of Subgrade Support k, psi/in.

Notes: h=7in.,L=15ft, E=4.5M psi, p=0.15
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Effect of Axle Weight on Stress Ratio

 There is a linear
correlation between the
axle weight and the
stress ratio

 Stress Ratio (SR) =
O e MOR
» MOR: Modulus of
Rupture
 According to PCA, no
fatigue damage Is
expected If stress ratio

IS less than 0.5

1 Axle load can not
exceed 18 kips

1.6

1.4
« s
S 1.2 .
bé 1.0 *C32 G1
S 0.8 “ind BmC32_R6
5::0_6 - C32_T6
0
204 C32_S5
o . X C32_Mn80

e
0.2 )
0.0
0 20 40 60 80

Axle Weight, kips

Notes: Data point correspond to 0%, 50%, and 100% load
levels, respectively, for each of farm equipment. Mn80 truck
was 100% loaded at all times.
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Critical Location for Concrete Slab

) Traffic Direction

A

A  Critical Location of Concrete Slab: bottom edge, midway from the slab joint
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Fatigue damage: Vehicle
Comparlsons (Cell 54)

Stress Ratio (SR) = % -
max/MOR 20:7 X mG1
» MOR: Modulus of i o
Rupture %2-: M s
L According to PCA, no g-j
fatigue damage Is ol T .o o R
expected If StreSS Numbe of Load Repetitions to Failure, N;

k=200 psi/in., AT = 0 °F

ratio Is less than 0.5
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