Polymer Modified Asphalt: Innovative
Technology for High Durable Road Pavements
Polimerom modificirani asfalt: Inovativna
tehnologija za jako trajne cestovne kolnike

Luca Baccellieri, Interchimica
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Pavement-Load

There is a tight connection between
LOAD - MECHANICAL PERFORMANCE - LIFE TIME

Static and dynamic load;

In function of the load and temperature is possible to check the tensile inside the
pavement;

Green spot -> Displacement -> Rutting phenomenon

Blue spot -> Tensile Strain (et) ->Fatigue phenomenon
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Pavement-Load-Damage

FATIGUE CRACKING RUTTING

Tensile strain

CASE |1 : M‘ Comprettion

CASE )i PrinaeOy Lataral Tensl

CASE 41 Primacily Lateral
Canpravalon

BASE COURSE SR v WEARING COURSE
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PMA Technologies
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Compound of polymers and Compound of thermoplastic
fibers @ copolymers

terchimica ITERSYSTEM.mp4

ADDED DIRECTLY Possibility to adjust the modification

degree of the mix design, changing the

INTO THE MIXER modifiers dosage
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PMB vs PMA

COMPARISON BETWEEN PMB AND PMA TECHNOLOGIES
PMB PMB Plant:

Here problems of: Asphalt P/ant.'
" «  Need to be stocked i
Normal Bitumen St Aggregates
+ Problem of splitting (so +
needed blender)
Modifiers Reephe

Modiefied Bitumen
Normal

Bitumen !! m—

and with blender

Refinery

140° / 160° ‘ -
Aggregates A
Asphalt plant:
Aggregates
+
Polymers Itersystem
ok
140° / 160° Normal Bitumen Polimer
Itersystem

PMA
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PMA Technologies

SUPERPLAST IS A POLYMERIC COMPOUND OF
INNOVATIVE SOLUTION SELECTED THERMOPLASTIC POLYMERS MADE OF

FLEXIBLE GRANULES WHICH, WHEN ADDED TO
Q THE ASPHALT MIX, INCREASES THE PAVEMENT
SUPERPLAST STRENGTH, THE FATIGUE RESISTANCE
ADDED INTHE

MIXER

@

Possibility to choose
the modifier and its
relative quantities
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PMA Technologies

PPS (Polyfunctional Polymeric System)
PLASTOMERS or ELASTOMERS
FIBERS
OTHER ADDITIVES

\ 4

Combination of the benefits;
Increase of the resilience;

Higher resistances for high
thermal fluctuations;

Intervention on more physical-
mechanical characteristics.

The herein information are based on our current knowledge and experience.

COLD
WEATHER WEATHER
THERMAL
FLUCTUATIONS
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PMA Applications

The main application are:
High Perfomance CA,
SMA (Stone Mastic Asphalt)
High Modulus Asphalt Layers (HIMA);
Rut and crack resistant top layers for durable low maintenance pavements;
Thin layer asphalt of various thicknesses;
Airport runway surfacing for high performance and cost-effective maintenance
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PMA in Plant

4+8%
Y on bitumen weight

Polymers at
room temperature

@

\ V¥ o ‘
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A gy

Bitumen at
160°C

Aggregates at
180°C

®

: Same equipments used in the
Mixer oure :
traditional mixes
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PMA in Plant
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Benefits due to PMB and PMA Technologies

PARAMETER PMA

High stiffnress MODULUS
Increase RUTTING resistance

Reduction vertical deformation
Increase FATIGUE CRACKING resistance
Optimum DOSAGE in function of the mix

High MECHANICAL PROPERTIES

N X '\\'\\H

N X N N X X X

THERMAL FLUCTUATIONS CONDITION

SAVE ENERGY during the production
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PMB vs PMA

PMA con \A T pp—
SUPERPLAST al PMB N
5% S gt

Penetrazione [°cj 53 ° 48
Rammollimento [cI 2 < | 484 2 8 5| 83 e e ik
Indice di Penetrazione [n] 2 E | -15 25 ;5 4,9 seTTONE: concLowemanammnos o
Rottura Fraass [ci @ 3 9 |®2 -13 D oo
Ritorno Elastico [%] --- 90 ;“,'“,,M,m e
BITUME [% su mix] 4,58 4,52 Sop——
Gsb [g/cm3] 2,52 2,52 f
Vuoti N1=10 [%] 10,8 11,9 Increasg Rom. reSISt§ nce
Vuoti N2 =120 [%] 1,8 2,1 i e s i
Vuoti N3 = 200 1%] 0,9 1,1 m Od U| U .. ahdl‘ lit‘ﬂ’ﬁ g

| 5 s
ITS @ 25°C [GPa x 10-3] 2,0 1,4 f B B v
CTI @ 25°C [GPa x 10-3] 267 172 b o
ITS @ 40°C [GPa x 10-3] 0,6 0,7 ; g T
CTI @ 40°C [GPa x 10-3] 64 70 N f f
- z Increasé o Matlgue

i omun.w  20'MAG2015
Vuoti 180 cicli [%] 2,3 3,4 G
Stiffness @ 20°C [MPa] 8.676 6.271 —_—
Stiffness @ 40°C [MPa] 1.784 1.645
Fatica: 6 @ 0,2 N/mm2 [Cicli] 1.550.000 900.000
Fatica: 0 @ 0,3 N/mm2 [Cicli] 456.500 237.500 of I Oa d @ C I es
Fatica: 0 @ 0,4 N/mm2 [Cicli] 98.982 54.500
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Case Histories

MORE THAN 4.000 Km (2010 - 2016)

OF ROADS REALIZED WITH OUR POLYMERS
Some References:

1. 2013 -—ALGERIA 150 Km of highway

Highway RNo1 between Ksar El Boukhari and Boughzol
2. 2012 — ROMANIA so Km of National Road and highway

DN 79 Arad-Oradea and Costanta Highway
3. 2016 — EGYPT Trial Section

Cairo Alexandri Agricultural Road

4. 2010 — LIBYA 240 km of Highways
Sebha-Brak Road and Libyan Coastal Highway

5. 2016 — GREECE 30 Km of Highway

Highway Egnatia — Odos
NO RUTTING PHENOMENA UNTILTODAY
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Case Histories-Ukraine

MIX DESIGN STUDY WITH SUPERPLAST and PROJECT

Reaching the limit of the Ukraine Technical Specifications using
POLYMERIC compound added directly in the mixer for
bituminous mixes resistant to LOW temperatures:

= Goal: Certification of the compound for projects in Ukraine;
= Approval of the Mix Design for the project

Highway Mo6 Kyiv Chop

ive chemistry for road asphalt | www.iterchimica.com 14 11/04/2017
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Case Histories-Ukraine

Mo6 Kyiv-Chop ‘
SUPERPLAST-ITERFIBRA C/PLUS- B tant
ITERLOW T-ITERLENE IN 400 S | |

More than180 Km

-

Mo3 Kiev- Karkhiv - Dovzhanskiy
SUPERPLAST-ITERFIBRA C/PLUS-ITERLOW T-
ITERLENE IN 400 S

More than 120 Km
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Case Histories-Romania

CERTIFICATION SUPERPLAST and PROJECTS

Reaching the limits of the Romanian Technical Specifications
using POLYMERIC compound added directly in the mixer for
highway projects:

= Bituminous mix type BDM o/25;

= Bituminous mix type BC 0/16;

REALIZATION OF DIFFERENT HIGHWAY SECTIONS

= Al Qx N Crossing of climatic
P o &) T e areas very different

\
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Case Histories-Romania

DBM o/2z5: Performances obtained

DBM o/25 mm with 5% on bitumen of COMPOUND OF POLYMERS - Compaction with gyratory press, EN 12697-31

o . Technical
Characteristics UM Typical values ) ) Test method
Specifications
Voids at 120 cycles % 3,6 <9,5 EN12697-31
Stiffness modulus, T =15°Cand f =2 Hz
MPa 10 300+10 800 > 4 000 EN 12697-26
Dynamic Creep, T = 40°C and 1800 pulses of
200 kPa: :
mm/m 2 815+3 642 <20 000
: EN 12697-2
- Deformation mm/m/cycle 0,13+0,12 < 2,00 s
- Deformation speed
Number of
Fatigue resistance , T = 15°C cycles at > 420 000 > 400 000 EN 12697-24-A1

breaking
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Case Histories-Romania

BC 0/16: Performances obtained

BC 0/16 mm with 5% on bitumen of COMPOUND OF POLYMERS - Compaction with gyratory press, EN 12697-31

Technical

Characteristics UM Typical values e Test method
specifications
Apparent density Kg/m3 2367 >2 350 EN 12697-6-A1
Voids at 8o cycles % 4,0 <5,0 EN 12697-31
H = o =
Stiffness modulus, T=15°Cand f=2 Hz MPa 235028 850 > 4 500 EN 12697-26
Dynamic Creep, T = 40°C and 1800 pulses of
kPa: 600+14 8 <

200 kPa : mm/m 13 600+14 800 25 000 EN 12607-25
-  Deformation mm/m/cycle 1,03+0,96 <2,50
-  Deformation speed
Rutting test

vHng % <6,8 <7,0

- PRDyR EN 12697-22

Mm/1000 cycle < 0,07 <0,7
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Case Histories-Romania

DN 79 Arad-Oradea
COMPOUND OF POLYMERS — ITERFIBRA C/PLUS -

ITERLENE IN 400 S

More thani0o Km

'-" = Costanta Highway

COMPOUND OF POLYMERS -
ITERFIBRA C/PLUS —ITERLENE IN 400 S
More than 30 Km
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Case Histories-Greece

Highway Egnatia - Odos More than 30 Km
COMPOUND OF POLYMERS

LA Trva e

v ihes )
e
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Case Histories-Greece

GAINOMENH EYZTAGEIA MAPAMOPO®QEH

% AZOANTOZ % KENA NYKNOTHTA [KN] [mm] VMA VFB 5[‘%} Optimal -
4.8 8.4 2,403 10,13 2.8 19,19 | 56,5 H
5,1 7.0 2,423 11,60 3,6 18,66 | 62,4 bltumen
54 5,6 2,448 9,32 4,6 18,04 | 69,2 content
57 4.4 2,464 7,89 55 1771 70
10.0 14.00 _ 70
9.0 13.00 E
= &0 P g 1200 + £ 80
E 7.0 = 1100 i dsp
g o + g ..
0 . J E 800 S
E 3.0 G 700 % 20 al
2.0 6.00 20
45 4.3 5.1 5.4 57 6.0 4.5 43 3.1 5.4 5.7 8.0 45 43 5.1 54 57 5.0
NEPIEKTIKOTHTA AZGANTOY NEPIEKTIKOTHTA AZDAATOY MEPIEKTIKOTHTA AEQAATOY
K.B. AAPANGN (%) K.B. AAPANGN (%) K.B. AAPANGN (%)
1.

2.

<7 mm Ruth Depth
Under Specification
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Case Histories-Serbia

Official Laboratory of the Polytechnic in Milan

SMA Pmb SMA Superplast
Fraction 8/11 mm [%] 32.0
Fraction 4/8 mm [%] 38.5
Fraction 0/2 mm [%] 12.2
Filler [%] 11.3
Iterfibra C—Plus (on mix) [%)] 0.4 0.4
Bitumen (on mix) [%] 5.6 (Pmb) 5.6 (Neat Bitumen)
Superplast (on bitumen) [%] - 4.5
Iterlene PE 31-F (on bitumen) [%)] - 0.15
TEST PARAMETHER SMA PMB SMA SUPERPLAST
Stiffness Modulus at 5°C
Pe’forma nces o 10.183 10.959
- DETERMINATION OF Stiffness Modulus at 20°C
obtained are |senessmopuis jpa]
Stiffness Modulus at 40°C
completely v 1.282 1,665
DETERMINATION OF But DePth;: ;?OOO cycles 1,71 2,18
RUTTING RESISTAN
bl alioris Hsid PRD i 10000 [%4] 2,9 37
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DETERMINATION OF
RESISTANCE TO FATIGUE

Number of Cycles [%]

2.147.,192

2.583.048
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Case Histories-Italy

Milano Malpensa International Airport
SUPERPLAST
Runways

v

Italian Highways — Pavia-Bereguardo
SUPERPLAST
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Croatia References

Tablica A2: Najvise dopustene temperature uskladistenog bitumena

Vrsta bitumena Tip bitumena Najvisa dopustena temperatura, °C ‘
20/30 200
35/50 190 olimerom modificiranog bitumena
Cestogradevni bitumen 50/70 180 HEN EN 14023
70/100 180 r
% Tip
160/220 170 spitna
J0/20 200 -1 Erma 10/40-65 | 25/55-55 | 45/80-55 45/80-65 40/100-65 | 20/150-45
LA
Tvrdi cestogradevni bitumen 15/25 200 Raz. |Zahtjev| Raz. | Zahtiev| maz. |Zahtiev| Raz.| Zahtjev |Raz.| Zantj=v | Raz. | Zahtiey
10/40-65 190 {EM1428 | 2 |10-40| 3 | 25-%55 4 [45-80 4 45-80 5 | 40-100| & [90-150
2 .
53559 180 AEN 1427 | 5 | 245 7 | 258 7 | =58 5 » &5 5 » &5 3 » 45
Polimerom modificirani bitumen 45/80-65 180
45/80-55 180 N 13703 i| © 32 - - - -
40/100-65 180 EW 13583 . 2 »3 | 2 23 | 2 3 2 3 2 3
5.2.8.2 |Tofka paljenja, "C [HRMEMIS02592] 2 | »280 | 2 |z280 | 2 | 2250 Z2 » 250 2 » 250 2 » 260
GUEToEa na 25 'L, _ - - _ _ -
52.8.3 kgim® HRM EH 15326 - |mowesti| - |mowesti| - [mowesti| - navesti - navesti - | movesti
Todka loma po
£ <. €. 7 < 7 €. £
Fraassu, *C HREM EW 12593 | 3 | £-5 5 | =0 | & | 2412 | 7 15 7 %15 8 18
Elasticni povrat na 25
B HRMEW 13398 | 5 | 250 | § [ 250 | 4 | 280 | 2 » BO 2 » BO 2 » BO
Tablica 2 G
LPE, |HRM EN 133391
; ' < £ < £ £ <
stgl:qlr::st o HEM EH 1427 | 2 is rl L5 2 is rl s rl £5 2 £5
pri -
skladistenju 4Fen, |HRN EN 133331 [+] NR 4] HR [+] NR 4] NR 4] NR 4] NR
U . th PPS P I o,1 mm| HREH EH 1425
Slng e ( o Ymer' Otpernost na otvrdnjavanje (HENEN 12607-1)
» - L s
F|ber) IS p055|b|e to E,FET:H Maze, HAM EM 128074 | 3 | Zo5 | 3 [ Zes5 | 3 | <es| 3| Zos | 3| fos | 3| fos
Zagrzana
guarantee these parameters g e N N RN N I I I I O I N N
S 7 < < < < £ £
(Table F3) razmekiana, °C HRH EM 1427 z %8 z <8 2 <8 z %8 z %8 z %8
Fad tocke
. . 7 £ < £ < £ <
_ razmekEania. fC HREH EM 142 l %z 2 £z 2 %z 2 %z 2 %z 2 2
Tablica 2 —
Elasticni povrat na 25
B HRHEHM 13398 | 4 | 250 | 4 [ 250 [ 4 | 250 | 2 » 70 2 » 70 2 » 70
LABO RATO RY TESTS ! pdnozi 32 iskljudive na bitumen modificiran elastomerom
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Croatia references - PMA solution

Tablica A2: Najvise dopustene temperature uskladistenog bitumena
Vrsta bitumena Tip bitumena Najvisa dopustena temperatura, °C

Cestogradevni bitumen

Tvrdi cestogradevni bitumen

10/20
15/25

200
200

Tipovi asfaltbetona za habajuce slojeve

cavlima, Abra, (ml)

Asfaltbeton za habajuce slojeve M1-E M2-E M3-E M4-E 3
HRM EM 13108-1 ACS snf AC 8 surf AC 4 surf AB
empirijski pristu AC 11 sur, Sur. s, AC B surf

(empirijski pristup) T| actiser | Actisuf ACHsurf A 11
AC 16 surf A 16
Primjenska oznaka smjese agregata AGT AGT, AGZ, AGS | AGT1 do AG4 JG1 do AGH, AGS ™
36750 50570 -
151 74
Cestogradevni bitumen 33750 50/70 Ja/100
Sastavni Jos100 160,220
materijali 25/55-55 25/55-55 25755-55
Palimerom modificrani bitumen 45/80-65 45/80-65 45/780-65
45/80-55 45/80-55 45/80-55
RedklaZni asfaltni agregat nije dopusten dopuiten
Fizikalno-mehanicka svojstva bitumenske mjesavine
Totka 5.2.2 Udio $upljina, V Vi s LESE Ve Vewzs
- % {v‘rv] llll|'mm5 vmué vmu.e llll|'|'|:J|.’|.5. i
Toika 5.3.3 Ispuna Supljina bitumenom, VFY VFBrisr VF Brier VFBrinzz VFBrwro T
o VFBraa VFBrava VFBraxss VFBraxze ;
B Najmanji omjerindirekine viacng
It
Tocka 5.2.4 Evrstoce, ITSR (%) ITSRz ITSR:0 ITSRz ITSR:0 -
Tofka 5.2.6 | Majveca brzina deformadie, .
Tablica 8 WTSas, (mm/10° dklusa) WiSimo.or Wihimo.ar Wihis = i
Tocka 5.2.6 ™ Majveca relativna dubina 70
Tablica 9 kolotraga, PRDus (%) PRDu=1.2 PRD,
u Majmanji udio Supljinau agregatu 0,08
Tocka 5.3.4 VM, & (V/ V) VAMA ziem
Totka 5.2.5 Otpornost na abraziju gumama 50

Neat Bitumen

Mechanical performance like a
modify bitumen

PMA technology

Using the PPS or Polymers is
possible to guarantee these
parameters
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Croatia References

Considering the mechanical performance is possible to improve the
limits inside the references with dynamic tests and introduce the PMA
solution like in Italy, Romania, etc.

Base course with modify bitumen )

Lavart di e =

T=20°C, Def.=7pm, Freq.=2Hz, Coeff.P.=0.35)| MPa 4,000-7.000
T=40°C, Def.=7um, Freq.=2Hz, Coeff.P.=0.35)| MPa £00-1.500

stradall
TrATTE AUTOSTRADA ASS TAMGENZIALE OVEST
D1 MILANO £ PERTINENIT
o sseatyiane

T=5°C, Def.=7um, Fraq.=2Hz, Caeff.P.=0.35] MPa 10.000-16.000 ‘ [——

GARA LAWVTRT OAC 00 008

Camtiats Speinie ¢ Agmastnr
SPICFICHR TECACHE

Base course with polymers

ITALY

: ool s S~
T=5°C, Def.=7um, Freq.=2Hz, Coeff.P.=0.35 MPa 12.000-21.000 14.000-25.000 - o
T=20°C, Def.=7um, Freq.=2Hz, Coeff.P.=0.35 MPa 5.000-8.000 7.000-12.000
T=40°C, Def.=7um, Freq.=2Hz, Coeff.P.=0.35 MPa 600-2.000 800-4.000 o _
L]
Low dosage High dosage
Tabelul 17 - Caractensticile mixtunlor pentris stratu] de legiturd determinate pran incercin d e
Mixtura asfaltica NORMATIV
Nr. - pentru stratul de
oy Caracteristicn legAturs
< L1 v MINTURLASFALTICE EXECUTAIELACALD .
S| by e e o v
Av{ VORIIR SegoAr o Ll e e = PROLECTAREA, PREFARAREA
z L2. | Rezistenta Ia deformatii permanente (fluaj dinamic) SECTIUNEA 4 STPUNEREY IS OPERA
< - deformatia o 40 °C. 200KPa 51 10000 unpulsuri, pm/m. maxium 20 000 30 000 Aditivi
E - viteza de defanmatic Ia 40 °C. 200KPa 5i 10000 impalsurs, 2 3 .
0 jusin/cicie, skl Art.36, In vederea atingerii performantelor mixturilor asfaltice, Ia nivelul cerintelor. se pot
1.3. | Modulul de rigiditate Ia 20 °C, 124 ms, MPa, minim 5000 43500 utiliza aditivi, cu caractenistici declarate, evaluati in conformitate cu legislatia in vigoare.
x L4 Rﬁ\trnin‘h oboseala, dpufbfll cilindrich Eolmmii la innndese Acesti aditivi pot fi adivgat fie direct in bitum. cum sumt de exemplu agentii de
indirectd - Numr miim de cicluri pind Ia fisurare I ISC. | 400000 | 300000 | adezivitate sau aditivii de mifrire a lucrabilitagii. fie in mixtura asfalticd, cum sunt de
B0t RGN it R e S exemplu fibrele minerale sau organick, polumen, efe
Deformatia £ In 10° cichwri. 107 200 250
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Pavement-Temperature

PG 58 == 272 — \in Design Pavement temperature

PG 70 PG 76 PG 62
Feriunmmnce Gracde 0] 161221 28] 24 40| 10] 6] 22] 28] 24| 10] 161 22] 28] 24
A verage 7-day M=aumum P averment Design <70 <76 <82

M ax Temperature °C*

[Minimum Pavement Design Temperature, *C*| - 10| 16| -22|-28|-34(-40|-10|-16]-22|-28]-34| -10|-16{-22]-28|-34

Design Pavement temperature ORIGINAL BINDER

‘\;‘” 4‘!—7,}"" IF lash Point Termp, T 48, M.lmmm C) 230
’%‘\’ [\ iscogity, ASTM D 4402 135
s Maximum, 3 Pa*s, Test Temp, 3C
Sl amic Shear, TP 5°
G5 Minimum, 1.00 kPa 70 76 82
| Test Temp @ 10 radis °C
! ROLLING THIN FILM OVEN RESIDUE (T 240)
| Mass Loss, Maximum, percent 1.00
I ET Dynamic Shear, TP &
v Bl Grrsing’ Minimum, 2.20 kKPa 70 76 82
1 & _TestTemp @ 10 radis, °C
".",‘ i PRESSURE AGING VESSEL RESIDUE (PP 1)
. -
- ‘—“':.:7.:“‘; PAV Agirg Temperature, 5CY 100 (110 100 ¢110) 100 (110}
[ 2 o |Dynarnc Shear, TP &
‘ 45 e, | % G*eind”, Mavmum, 5000 kPs 34131128 25(22|119(37]34|31(28]25(40]37|24|31|28
7 TestTemp @ 10 radis, °C
s \ & P hysical Hardering Report
" rh e L T % . L el ) e olx SPEAS CfBODSﬁWMS&TP1
- e W s Tan . e e W BB mmu  wien|[Determine the critical cracking temperature as| O | -6 |-12|-18(-24]-30( O | -6 |-12|-18|-24| 0 | -6 |-12]-18|-24
M Lt - e b= L v ] e [Teos b described in PP 42
16 A0 ukey "% @ o e . s Direct Tension, TP 3
— R LR et B g Delerrrine the critical cracking temperature as| 0 | -6 [-12[-18]-24-20| 0 | -6 |-12|-18]-24| 0 | -6 |-12]-18|-24
dascribad in PP 42
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Pavement-Temperature

TED S ey

Dubrovni,k"

+10°C

The temperature range can be compare with others European
Country close to Croatia
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Thanks for your attention

Hvala na paznji

Eng. Luca Baccellieri
luca.baccellieri@iterchimica.it
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