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Overview

1. Background

2. Full Scale Accelerated Pavement Testing (APT)

APT — HVS test results showing moisture dependency on the behaviour on
unbound layers and subgrades.

3. Laboratory Experiments

Stiffness and accumulation of permanent deformation — observed behaviour
and modelling.

4. Full Scale Field Monitoring and Back-Calculation

Moisture in pavement structures and its influence on structural response due
to heavy traffic loading.

5. Pavement Design and Performance Prediction
6. Summary
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Background #1

Distress mechanisms
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Background #2

Regions of water in pavements
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Background #3

Frost ll
Heave

Resilient
Modulus (

Water
Content (%0)

VYolumetric P‘
J

Damage

Winter Spring Summer Fall

Kestler, M.A. 2003. “Techniques for Extending the Life of Low-Volume Roads in Seasonal Frost Areas”. Transport °

Research Record 1819, Paper no. LVR8-1150. th
5/41




Background #4
M-E design ERAPave PP
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APT Full Scale Testing - HVS equipment

The Heavy Vehicle Simulator (HVS)
is a mobile APT test facility.
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Construction of a test object #1

s | vii J




Construction of a test object #2

o4t Vi




Construction of a test object #3
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Construction of a test object #5
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Instrumented test structure

0.0 4+
Asphalt Concrete
48 + B_p _ 5 3 x 3 Pressure cells
101 4 ttuminous Base 3 x 4 Vertical strain gauges
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| m—| .
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351 + u
Subgrade, sand
[ m— |
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[ m—
- — Pressure cell
&> Horizontal strain, longitudinal
® Horizontal strain, transversal
v “T  Vertical strain
Depth [cm] u Vertical deflection
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Test procedure
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Sensors registration
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Laboratory experiments

Repeated load triaxial testing
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Stiffness and perm. deformation testing

Deviator
Stress (oq)

\/

H

Strain

Recoverable
Strain, (&r)

Loading cell

One external strain
gauge (LVDT)

Compressed air —

Plexiglass cylinder ——
Three internal
gauges (LVDT)
Extensometer
Rubber membrane

Prepared sample




& 17141

Materials Tested

Crushed rock aggregates and blends of natural and crushed rock
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Moisture impact on resilient deformation

- Mg decreased when w increased, finer grading more affected

-  The k-6 model
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Moisture impact on permanent deformation

Base course material

Multi Stage (MS) approach

Accumulated permanent strain, &7,
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Instrumentation #2

~20m

P —— ———————— — — —

~ 2 m = 7 1) : I” 2m Driving direction

= 1.v373 East

L____t__E]Tj__é__g__J Lv515 North
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Data acquisition, power supply, etc..

Connection box

Road instrumentation in outer wheel path

Moisture rod
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oo l@ O

Temperature sensors in AC

21/41

Vi




Instrumentation Lv515 - road response sensors
Lv 515
2:8: ' Asphalt Concrete(AC)
Unbound Base Course (UBC)
19.0 t
Subgrade
Natural sand
R
:[ I Emu coils - Vertical strain
ASG — Longitudinal tensile strain
B Iﬂv ASG — Horizontal tensile strain
ﬂ SPC — Vertical stress
v
Depth [cm]
ti
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Instrumentation Lv373 - road response sensors

Lv 373
(5)j8 i HMA — Surface Course
11.0 4 HMA — Roadbase
Unbound Base Course (UBC)
22.0 -
Subbase (Sb)
420+ Surface Treatment- old (St)

60.0 4 T Unbound Base Course (UBC)
: Jow
73.0 4 m@ Cut-back asphalt concrete (Cb)

I & Subbase (Sb)

103.0¢

§§§§3I333333 Sandy clay (Clsa)

118.0 1 =2l
J. d | Subgrade, Sandy peat (Pt)

I Emu coils - Vertical strain
ASG — Longitudinal tensile strain
ASG — Horizontal tensile strain

ﬂv SPC — Vertical stress
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Testing campaigns

4 campaigns
August 2018
May 2019
June 2019
August 2019

In each campaign
FWD 30, 50 & 65 kN
HV1 74 tonnes
HV2 64 tonnes
HV3 68 tonnes
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FWD measurements
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Heavy Vehicle testing — HV1 (60 km/h)
HV1 74t August 2019 Lv515
1323
STTS TT TTT
8.60 (840) = 8.60
8.75 (750) + 7.80 (750) + 6.15 (840) = 22.70
7.35 (850) + 7.25 (850) =14.60
8.95 (850) + 9.30 (850) + 9.25 (850) = 27.50
73.40 t
HV1 B1 B2 B3 S1 82 S3 S4 S5
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Heavy Vehicle testing — HV2 (60 km/h)
HV2 64t August 2019 Lv515
1222
STTTT TT
7.80 (940) =/17.80
10.75 (660) + 9.90 (670) = 20.65
7.10 (780) + 7.40 (770) = 14.50
10.10 (810) + 10.30 (800) = 20.40
63.35t
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Heavy Vehicle testing — HV3 (60 km/h)
HV3 68t August 2019 Lv515
1223
S TS SS SSS
9.40 (880) =/ 9.40
12.05 (800) + 7.75 (800) =19.80
8.85 (810) + 9.90 (890) =18.75
6.65 (850) + 7.35 (880) + 7.40 (850) = 21.40
69.35t
HV3 B1 <B_2> S1 <8_2> S3 <24;48_5>
«— O 80 00 o0
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Full scale testing — HV1 74 t: Measured response
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Langtresk — spring thaw 2019 "“_
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Comparison — Measurements
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Lv515

Climate adjustments -
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Langtresk — Validation HV2 - 64 ton

Transversal strain
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Vertical stress
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Langtresk — Validation

Vertical stress o, [kPa]
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Langtresk — Validation HV1 - 74 ton

Vertical strain

August 2018 May 2019
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Validation: Calculation against measurements
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Calculated longitudinal strain &, [j€]

Calculated vertical stress o, [kPa]
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M-E design ERAPave PP

Overview of the M-E design and performance approach

Initial condition & structure
geometry, design period=Y

Subgrade properties H Material properties |

| | Pavement structure |
B i R B e R R S e R e R e R T SR

| Response model I

alternative = Life cycle

cost analysis

Yes

Medify
| Stresses, strains and displacements strategy
2 ——
—)I Performance prediction models )(7. _____________________________________________ }
: v ! Strate
Analysis ‘ Structural change ‘ : se!ectig:n
- e i No
i=i+1 ‘ Accumulate distress ‘ :
i L/{ Constructability
| | Viable
i
i

38/41 th




0.0
477
10.07

19.64

3497

64.9+

v
Depth [cm]

39/41

Acc. permanent strain ¢"p [-]

Acc. permanent strain e"p [-]

Acc. permanent strain "p [-]

0.015

0.010 H

0.005

0.000

AC layer

e o
/

® Measurements

Calculations
i L
T

T T T T

500000 1000000
Number of load cycles, N

0.015
0.010 -

0.005 1

Subbase layer

|

® Measurements

Calculations
0.000 ¢ t
0 500000 1000000
Number of load cycles, N
0.015 I
Subgrade layer 2 ° °
0.010 ]
0.005
® Measurments
Calculations
0.000 . ; . . . . ; .
0 500000 1000000

Number of load cycles, N

. Acc. permanent strain ep -]
Acc. permanent strain ¢”p [-]

Acc. permanent strain £"p [-]

Calibration & Validation — APT testing
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LTPP road — Permanent deformation prediction
Validation / Calibration
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Conclusions

Moisture content within the pavement structure changes due to climate condition. Moisture
has a great impact on pavement unbound layers behaviour. This is true regarding:

Stiffness characteristics
Permanent deformation behaviour

This is evident from:
Full-scale APT using an HVS in a climate controlled environment
Controlled laboratory RLT tests
Field monitoring programs using FWD to mimic the heavy axle loading

During spring thaw large increase in moisture content in UGM is frequently observed that
affects the structural behaviour of the pavement structure. By updating the 'stiffness
properties of the UGM layers with moisture content better agreement is gained
between observations and calculations.

M-E based design and performance prediction scheme for thin pavements in seasanal
areas is under development in Sweden.
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