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Future Challenge but also an Opportunity Y fEX
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AUTONOMOUS TRUCKS PLATOON DRIVING;
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INTRODUCTION — RECENT HISTORY IN FINLAND N ey
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* October 2013: maximum allowed total weight 60 to Benefits for the Industries (TUT):
76 tonnes 80 — 160 M€ /year

* In practice: 76 tonnes requires 9 axles. With 8 axles
68 tonnes allowed.

* Some maximum allowed axle weights increased as
well; e.g. triple bogie on a truck 24 tonnes 2 27
tonnes

* Triple bogie on a trailer still remains at 24 tonnes

* At least 65% of the trailer weight on dual tyre axles to
minimize pavement damage (but there are exceptions)

* Without dual tyres it is allowed to have 74 t /10 axles
and 76 t / 11 axles

* There will be many different semitrailers >52 t and > 6
axles




INTRODUCTION — WHAT HAS HAPPENED N ROADEX

For better rural roads

* The amount of 76 tonnes has increased all the time and
after transition period 64 tonne trucks have
disappeared

* Practically all the longer heavy haulage will be made
using 68 or 76 tonne trucks

* Many approved for 76 tonnes, but not connected to
trailer adequate for that weight (Due to dual tyre rule?)
- In road freight 68 t (9-axle) quite popular: truck with £
two driving axles and dual tyre trailer increase costs, but = _zg
76 tonnes not reached

* In timber transport higher total weights have increased
faster

* Currently 21 HCT trucks > 76 tonnes are allowed to drive
in Finland. They can drive only on predefined routes,
Driver have to be named and they need to have special
tra | N | N g www.roadex.org




Latest News from Finland, 34.5 m Long Trucks ¢ IN*B?V%PKEX
Y

Allowed from 21/01/2019 — Max Allowed T e
Weights Do Not Increase

Instead of length control, dirigibility will be emphasized on regulations

Figure: Trafi

L

This will have a big impact in “lighter cargo” transports in 2019

www.roadex.org



FACTORS AFFECTING PAVEMENT PERFORMANCE ¢ Nﬂe't]vﬁ][r'k“
UNDER HEAVY TRUCKS T v

Trucks:

Tyre type, tyre pressure, tyre size
Axle load, axle configurations
Total weight, number of axles
Tyre wander

Roads:

- Pavement thickness

- Subgrade quality (weak-subgrades)
- Material quality (moisture susceptibility)
- Geometry and road width

- Drainage, winter maintenance

www.roadex.org



Theorethical Calculations:
' ¢ ROADEX
Effect of Tyre Type and Tyre Pressure on Pavement '3 t.Network

Life Time for Typical Finnish Paved Roads
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SOFT SUBGRADE RELATED MODE 2 RUTTING ' ROADEX
PROBLEMS - letwork

Cumulative displacement of weak subgrade induced by different truck options

Distance [m]
0.0 50 10,0 15,0 20,0 25,0 30,0

Subgrade displacement [mm)]

60t =72t 90t ~-136t 1455t =153t : 3 1A e www.roadex.org



Rut increase (mm/year)

ROADEX

/,hMmm
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S1 yhdystiet, Lappi (poistettu alle -0,5 mm/vuosi = paallystetyt) Q

pehko

Urakasvunopeus (mm/vuosi)

<=30 30-50 50-70 70-90 >80

et Base Curvature Index (from TSD)

www.roadex.org
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HEAVY TRUCKS AND PORE WATER PRESSURE - Inari 4 ¢ ROADEX
Angeli Road results 16.10.2015 + - Network
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At depth of 0,7 m truck + trailer causes some rise in pore water pressure level, which
did not take place with truck only (without trailer). The effect of truck weight is also
seen clearly on the pressures.

Esmerkkikuvaaja MvF (kFa) en Kuormituksila,
Aunturii noim T0om syvyydosss.
Aunturin etSisyys urasta nain 131cm eli anturi on penkeneesss.

r

CHANGE 5=

0,25 KB3E Ak FULLY LOADED TRUCK
0.2 KPaii HALF LOADED TRUCK
0.1 KPa - kil Ty I EMPTY TRUCK

www.roadex.org
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ROADEX

Network
1. MODE 2 RUTTING ON WEAK SUBGRADES IS A MUCH BIGGER PROBLEM THAN y / For beter ural roads
EXPECTED (REASON: NEW HEAVY TRUCKS)
2. STEEL GRIDS IN BASE COURSE PERFORM VERY WELL AGAINST MODE 2 RUTTING
4300 4400 oeene [mlsou 4600 : v 3
L 33_
j _.1
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EVALUATION OF THE REPAIR COSTS OF MODE 2 \id. RORDEX

) , For better rural roads
RUTTING PROBLEMS /USING STEEL GRIDS IN
FINLAND
L
- The amount of risk sections (7 %) 4.000 km pehko

- Sections increase paving backlog 28 milj €/year

Repair costs 300-450 milj€ (main roads ~100 milj)




Mode 2 Rutting Risk, N59 Ireland ¢ oavex
o o~ gtwork
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Risk of Mode 2 rutting
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Network
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Heavy Trucks and Risk for Mode 1 Rutting *’ROADEX

www.roadex.org




HCT tests in Central and Northern Finland ﬁ\ﬂ,mﬂ“
2017-2018

Displacement sensors

Porewater pressure sensor

www.roadex.org




RUT INCREASE AFTER TEST TRUCK PASSES / TON

Karstula:
Strong structure
Subgrade peat

Simo
“Medium” structure
Subgrade silt

Kyyjarvi
Weak structure
Subgrade peat

Ranua
“Medium” gravel road
Subgrade silt / peat

e o e o » =
N §a s )] (0 e] o M

Rut increase/pass, um/tn

o
o

W ‘¢ ROADEX
, - Network

Uran kasvu oman kuormitusajoneuvon ylityksen tonnia kohden

Kyyjarvi
31.5.-17
(2*7-aks)
Ranua
12.10.-16
(9-aks)

Kyyjarvi
20.10.-16
(9-aks)

Kyyjarvi
30.5.-17
(7-aks)

Simo
13.10.-16

Karstula
(2*9-aks)

2 1;10-‘1ﬁ(al’5tU|3 Karstula Karstula
(2 s-aks}zs.a.-l?ls.s.-171?.5.-17

- (7-aks) (7-aks) {2*?-aks}

www.roadex.org



Urasyvyyden ja pysyvan siirtyman kasvu
» Urasyvyyden ja pysyvan siirtyman kasvu koekohteen yli kulkenutta massaa kohden

« Sama massa kulki koekohteen yli samassa ajassa
« Urasyvyyden kasvun suuruusjarjestys on eri pituiselta mittausmatkalta erilainen

Gravel road

Paved
road

structure
improves‘

Urakasvu tai pysyva siirtymaero, pm/tn
Kaikki ylitykset Ensimmaiset ylitykset pois
Kuormitus Pitk& vali lyhyt vali  siirtym&ero*  Pitk& vali lyhyt vali  siirtyméero*

Ranua 2.10.2018 ap 14-ak:

Ranua2.10.2018ip7-aki 14_ax|e trUCkS have

Ranua 3.10.2018 ap 7-ak:

Ranua 3.10.2018 ip 14-ak: HIGHER RUT INCREASE

Kyyjarvi 30.5.2017 7-ak:
Kyyjarvi 31.5.2017 14-ak:

wmnnmew s VAlUES compared to

Kyyjarvi 23.10.2018 ip 7-ak

Kyyjérvi 24.10.2018 ap 7-ak: 7 - aXI e fruc kS

Kyyjarvi 24.10.2018 ip 14-ak.,  _,__ L e e

amnesm NO DIFFERENCE between
Kasuiales.2017 raks 7 _axle and 14-axle trucks

Karstula 17.5.2017 14-aks

Keskiarvo Ranua 14-aks 1,45 2,17 -- 0,49 1,17
Keskiarvo Ranua 7-aks 0,87 1,52 -- -0,39 -0,79
Keskiarvo Kyyjarvi 2018 14-aks 0,60 1,63 0,77 0,14 1,12 0,51
Keskiarvo Kyyjarvi 2018 7-aks -0,04 -0,78 0,48 -0,51 -0,68 0,23
Kohteen suurin mittausarvo Kohteen pienin mittausarvo

* Pystysiirtymaanturien vélinen siirtymaero eli tien pinnan painumaero 0,5 m matkalla
** pystysiirtymaanturin siirtyma

( e -~
") Tampereen yliopisto ROADRSCANNERS oA
« OB o

Mittausajanjakson mittausarvo
lihavoitu, jos se on selkeésti
suurempi tai pienempi kuin
vertailtavan
ajoneuvoyhdistelmén

NS

VAYLA

20



Rut Increase / Axle vs. Number of

Consecutive Axles
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13.5.2019
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Unfavourable conditions (soft
subgrade, high ground water table):
Rutting speed accelerates

Favourable conditions (strong
structure, good drainage): Rutting
speed remains the same or may even
decelerate over time

www.roadex.org



EFEFCT OF TYRE WANDER TO PAVEMENT FATIQUE

Rut depth, mm

20

30

35

0.00

Standard deviation, m

0.10 0.20 0.30 0.40
L 1 L

w—— Dual wheel

— w— Single wheel

Source: Said 2012

Factor:
4-5
(single tyre)

TYRE WANDER
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Factor:

3-4
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Simo Results 2017: Permanent Displacements-
Pavement 100 mm

Permanent displacement on each run, Simo 2017 O OWN 174,
0,12 e @ OTHERS27.4
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Plastic Rebound Test Site — Road 16863 o ¢ ROADEX
y Network
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* Measurements were
carried out on a Low
Volume Road site soon after
the spring thaw in 2018
* Thickness of unbound
layers about 0.5 m +
a thin soft AC layer
on fop
« Subgrade soil peat

* - Fairly large
permanent
deformations were
developing

www.roadex.org



Displacement difference {mm)}

Permanent displacements — Road 16863 o ¢ ROADEX
. - Network
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Four 64 ton vehicle passes

along green the line » The largest change in rut depth is

Ten 64 ton vehicle passes along the red line

25 ¢ > ) . . .
observed in connection with the
= | first heavy vehicle driving along
—————— Ty T T T T T T T rtai h | th
1,5 oo Rebound caused a ceriain wneeil pa
e ® by four vehicles
| Lo @ ! °
. . Rutting caused o, « As the number of vehicles on the
o5 ° oy ten vehicles . same wheel path is increasing,
. ¥ rut depth keeps on growing but
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 fhe I'Cli'e iS geﬂ‘ing Slower
Time (hh:mm)

. 25 . Copyright Roadscanners 2017. All Rights Reserved.
# Permanent displacement difference between the red line and the green line (22 May 2018)

www.roadex.org




What we have also found in PEHKO project: increasing deformations /
damages in inner curves this is due to last axles of long HCT truck drive
very close to pavement edge?




OVERLOADING - WHAT HAS HAPPENED SINCE *,Nﬂgvﬁ][r'kﬂ
76 TN TRUCKS STARTED TO DRIVE IN FINNISH ===

ROADS

70,0%
60,0%
50,0%

40,0%

20,0%

10,0%

Overloads Kaarina 2014

80,0%

0,0%

Overloads Kaarina 2016

Source: Destia 2018




Summary: Threats and Opportunities

Threats

* Thin pavements and soft subgrade
* Tyre types and pressure

* Tyre wander

* Shoulder deformation in curves

* Overloading

* Seasonal change management

* Platoon driving

13.5.2019

'/ ROADEX
“& i Network
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Opportunities

*C0O2 emissions > 30%

lower per tonne
transported

* Transport costs / tonne

* Tyre wander in healing rutting
 Safety ???

WWWWW
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Be part of the
ROADEX Network

Thank You
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