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How did it start ?

Introduced to the Czech market in late 90s;

Basic concept used bituminous emulsion and hydraulic binders, beginning of
millennium foamed bitumen was introduced as well;

We learned from German experience and way the technology was used;

ROADTEC machine set-up tested in first decade of 21st century as well;

Pioneers: Baltom and SAT CZ.







When is cold recycling used in CZ and is considered
suitable?

if serious structural pavement problems occur (in-depth corrosion, large cracking,
increased number of potholes) - for most pavement types;

if lost in bearing capacity is evident — mainly for regional or low volume roads;
if local repairs are anymore economic and reasonable;

if tar was used in the past is base layers (especially macadam layers built in 60s to
80s).




Technical specifications

First generation 2000-2009: technical specifications of the Ministry of transport
(cold in-situ, foamed bitumen cold technology; in-plant solutions)

Second generation 2009-2022: technical specification TP 208 (we put several into
one) . B .

Third generation 2022-...: technical standard CSN 73 6147 TP 208

MINISTERSTVO DOPRAVY
ODBOR SILNICNI INFRASTRUKTURY

Basic facts:

RECYKLACE KONSTRUKENICH VRSTEV NETUHYCH VOZOVEK
ZA STUDENA

three types of cold recycling based on binderused = e
indirect tensile strength or compressive strength

moisture susceptibility or freezing-thawing resistance




Vlastnost

Pozadavky pro smési s pouzitim pojiva

cement nebo
jiné hydr. pojivo

cement +
asfaltova emulze
nebo zpénény
asfalt

asfaltova emulze
nebo
zpénény asfalt

Oznaceni recyklace na misté

0/32; 0/45

0/32

Smesl recyklace v centru

0/16; 0/22; 0/32; 0/45

0/16; 0/22; 0/32

PoZadavky na zmitost smési *) %)

Priloha A, tab. A.1

Priloha A, tab. A.1

Priloha A, tab. A.2

Laboratorni srovnavaci objemova
hmotnost a optimalni vihkost

deklarovana hodnota

Vihkost %)

—3% az +2%

Min. pevnost v tlaku R¢ po 28 dnech

Min. pevnost v pfi€. tahu Ry po 7dnech

Csaia 4)
nebo
0,30 az 0,70 MPa

0,30 az 0,70 MPa

0,30 MPa

Odolnost proti mrazu a vodé :

- min. pevnost v tlaku
Odolnost proti vodé :

- min. pevnost v pficném tahu

85% pevnosti R¢
nebo
70% pevnosti R

70% pevnosti Ri;

60% pevnosti Ri

Mezerovitost

8% az 15%

6% az 14%

l) Doporuc€ené pozadavky pro smés kameniva pfed pfidanim pojiva

2) U slozky R-materialu se uvazuje kusova zrnitost.
%) Doporu¢ené max. odchylky od deklarované hodnoty.

*) Ttidy pevnosti podle CSN EN 14227-1




Increased PD resistance, reduced flexibili

What is common in CZ with respect to binders?

This solution do the Czechs ,love” / prefer
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Increased moisture resistance, flexibility




Common practice today (I)

the whole family of cold recycling technologies since 2023 regulated by national
technical standard (CSN 74 6147)

cold recycling for unbound and bound layers possible

Co serecykluje?

Poii Srovnatelna
Hutné&né Penetraéni Vrstvy bez OJIvo vrstva®
asfaltové vrstvy® | makadam, natéry | asfaltového pojiva
NESTMELENE VRSTVY — RECYKLACE BEZ POUZITi POJIVA
z C
max. 30 % BEZ OMEZENI _ . Mz
CSN 73 6126-1

STMELENE VRSTVY - RECYKLACE S POUZITIM POJIVA¢

. ické SCC

max. 50 % BEZ OMEZEN[ | cement/hydraulické | a0

silnicni pojivo CSN 73 6124-1
cement / hydraulické
silnicni pojivo SC Cau
min. 50 % max. 50 % + .
asfaltova emulze / CSN 73 6124-1
zpénény asfalt
min. 80 % max. 20 % asfaltova emulze / SC Cusr2

' ' zpéneény asfalt CSN 73 6124-1




Common practice today (II)

Pozadavky na smési s pouzitim pojiva

Odolnost proti vodé min.

75 % pevnosti Rit

75 % pevnosti Rit

60 % pevnosti Rit

Vlastnost
C CA A C,CA
Oznaceni smési 0/32, 0/45 0/32 0/63
Laboratorni srovnavaci objemova .
L Deklarovana hodnota
hmotnost a optimalni vihkost
Min. pevnost v tlaku Rc Cala
po 28 dnech? - _
- Odolnost proti mrazu a vodé | 85 % pevnosti Rc
Dalnice
Pevnost v pficném tahu Rit 0,30 az 0,70 MPa
po 7 dnech® — - —
Odolnost proti vodé min. 75 % pevnosti Rit
, Pevnost v pficném tahu Rit 0,30 az 0,70 MPa | 0,30 az 0,70 MPa Min. 0,2 MPa
Ostatni b
: po 7 dnech
komunikace

a  Zkousi se jako smési stmelené cementem podle CSN 73 6124-1. Plati i pro smési 0/45 s maximalnim podilem
nadsitného 15 %.
b Zkousi se podle Prilohy A. Plati pro smési 0/32 a 0/45 s maximalnim podilem nadsitného 15 %.
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Load act

Static pressure compaction

300,0 mm

Common practice today (III)

load piston

Stamping plate with
drainage groove

cold recycling mixture

- compaction mould

Indirect tensile strength test
(destructive) @15°C
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Common practice today (IV)

Typically used binders:
cationic slow-breaking bituminous emulsion C 60 B10 or C 65 B10 (2-3.5% binder)
foamed bitumen made from paving grade 70/100 or 50/70 (1.5-3% binder)
Portland cement CEM 1/32.5, CEM 11/32.5, CEM 1 42.5 (2.5-5 % binder)
Commercial road hydraulic binders (SM, GEOROAD, DROHART etc.)

Typical mix requirements by road administrations and designers:
recycle 17 to 20 cm of base or base and binder layer

use 4 % cement and 1.5% emulsion or 4 % cement and 0.9% foamed bitumen

WHY? and WHAT IS TRICKY ABOUT THESE DESIGNS?
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Tar - specific troublemaker
Typically used binders:

regularly used between 60s and 80s
for base layers

banned around 1989

but about 30 % of regional or
county roads contain this material

PAHs really very high as we all
know

So A

26 19 0P 68 86 L6 9¢ SE ve €6 2€ 46 06 62 82 292 82 Wi €2 212 0Z 60 8 L 9 GI=BLlmzl 1 L §@Qun a3 b ¢
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Tar — procedure used in CZ

Vrstva PK uréend k Gdrzbé
nebo opravé

Lze pouzit jako vedlejsSi produkt do nové
asfaltové smési a pro dalsi ucely
pfipustné dle vyhlasky 283/2023 Sb.

diagnostického pritizkumu
jako ZAS-T3 nebo ZAS-T4

[ Kategorizovano dle

ANO

Lze pouzit jako ostatni odpad na obalovné
opravnéné takovy material zpracovat nebo
se uplatni v recyklaci za studena dle
vyhlasky 283/2023 Sh.

obsahem B(a)P < 50 mg/kg

Jedna se o tfidu ZAS-T3 s
v susiné?

NE

TP 150

MINISTERSTVO DOPRAVY
Odbor silnicni infrastruktury

TECHNICKE PODMINKY

UDRZBA A OPRAVY VOZOVEK POZEMNICH KOMUNIKACI
OBSAHUJICICH DEHTOVA POJIVA

Schvaleno MD — Odbor silnigni infrastruktury €. j. 26/2011-910-IPKM

Material musi byt odm
skladku jako odpad — urceni typu

skladky se provede podle vyhlasky
273/2021 Sh.

meziskladky)?
ANO

Recyklace za studena na
misté Ize provést bez
dalsich mezikrokdi?

Umisténi na do¢asnou meziskladku
pfi splnéni pozadavku vyhlasky

Lze pro vozovku aplikovat

recyklaci za studena na
misté (v¢. docasné

[ 283/2023 Sh.

ANO

ze dne 10.01.2011 = Géinnosti od 01.02.2011

NE Sputasné se rudi a nahrazuji v celém rozsahu
TP 150 schwvélené MDS-0OPK £ j. 27755/01-123 ze dne 15.10.2001.

N\ Fakulta stavebni CVUT v Praze

Docasné meziskladkovani
umoznéno a povoleno?
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Tar — procedure used in CZ

Recyklace za studena na
misté Ize provést bez
dalsich mezikrokui?

Umisténi na doc¢asnou meziskladku
pfi splnéni pozadavkl vyhlasky
283/2023 Sh.

ANO
\4

Docasné meziskladkovani

umoznéno a povoleno?

Navrh receptury smési recyklace za studena s odpovidajicim typem pojiva:

ANO

7

Asf. emulze /
q zpénéni asfalt kombinaci s hydraulickym pojivem

Asf. emulze / zpénény asfalt v Specialni hydraulické pojivo
umoznujici pasivaci PAU

\

J

b

hd o

[ Ovéreni U

ve

inku pasivace u zvolené receptury dle vyluhovaci zkousky, v souladu s §6,

odst. 4 vyhlasky €. 283/2023 Sb. — pasivace prokazana?

l ANO

Provedeni technologie recyklace za studena

Opakovat navrh
receptury
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Alternative pozzolana or alkali-activated binders

What sources do we have?

cement Kiln dust or lime production dust Side effect

traditional silica fly-ash
fly-ash from fluidized combustion
bottom ahs from fluidized combustion @

blast furnace slag incl. granulated

pan slag and BOF slag (steel production slag)

. -

binders to fulfill EN 13282-1 -2

geopolymers

active admixtures based on principles known from concrete mixtures
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Czech-based alternative binders

TFA - ternary fly-ash-based binder

= binder based on sulfate-calcium CFBC fly ash from a brown-
coal power plant.

= fly ash arising from the fluidized coal combustion process
with ground limestone. mixed with water containing
plasticizing additives for improvement of the rheological
properties.

= subsequently mechanically activated together with ground
limestone and other additives to achieve specific
refinement.

= several development generations of TFA tested and used
since 2018.

= beside cold recycling or hydraulic bound granular mixtures
used in concrete and for shotcrete of Prague subway.
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Czech-based alternative binders

AFFA - mechanical-chemically activated fluidized bed
combustion fly ash

Produced by using high-speed grinding (HSG) in special
disintegrators

HSG leads to finer pulverization, homogeneous particle
distribution, higher surface area and increase amount of
internal energy in the material which chemically activates
pulverized fly ash

Material is getting pozzolanic properties with limited
occurance of unwished minerals like ettringite

The activation during milling is reached by adding small 2
controlled amount of Portland clinker, lime hydrated or &

gypsum

[t can be used as alternative binder, active filler or
admixture for blended binders.




Czech-based alternative binders

Significantly lower ITS for the mix with only 0.5 % of

bituminous emulsion.

Surprisingly, also the reference mix (3 % bit. emulsion, 1 %
cement) did not even come close to the minimum value (ITS

0.3 MPa).

Only mixtures with cement or TFA meet tt
moisture susceptibility limit (75 %).

Hydravulic Content Bituminous Content Indirect Tensile Su:::c:s'ﬁgﬁ“ sty

binder binder Strength (MPa) (,%) Y L

Cement 1.0% 3.0% 0.21 88% §

TFA 2.0% BitUMINoUS 0.5% 0.18 75% A
=

TFA 2.0% emulsion 3.0% 0.38 107% ;;

FGRC 3.0% 3.0% 0.32 58% =

AFFA 2.0% 3.0% 0.34 62%

Foamed
AFFA 2.0% bitumen 4.0% 0.40 47%

18

0,45

0,4

0,35
0.3

0,15
0,1
0,05

BITS 7 days

107 %

ITS 7+7 days

88 %

- 75 %

58 %

62 %

Cement 1%
+Em. 3%

T

TFA 2%
+Em. 0.5%

TFA 2%
+Em. 3%

FGRC 3%
+~Em. 3%

AFFA 2%
+~Em. 3%

AFFA 2%
+F oam 4%




19

Trial section with 1st application of AFFA in Europe

Reference mix Alternative 1 Alternative 2 Requirement
Quality Unit (1% cement + (2 % foamed for production
(4 % cement) 4% AFFA) __ bitumen + 3 % AFFA) __ control test
ITS after 7 days MPa 1.00 0.39 0.25 0.25 MPa
ITS after 7+7 days MPa 1.25 0.42 0.18 -
Moisture
susceptibility % 125.7 % 108.8 % 74.0 % min. 75 %

Simple 1:1 substitution of standard cement with an fly-ash based alternative binder is g

not possible, but... there are effective options

To combine AFFA with limited amount of cement

apply thick layer (small density of AFFA)
threatened by wind

the recycler rolls the AFFA in front of it - potential reduction of the actual binder content
in the final mix



Trial section with 1st application of AFFA in Europe




Pevnostv tlaku [MPa]

Some of the results from developments in CZ

7 days compressive strength

50,00

40,00

30,00

20,00

10,00 I
.00

Ref Ref 2 KV1 KV3 KV4 KV5 KV6 KV7 KV8 KV10 KV11 KV12 KVi13 KV14 KVis KV16
Oznadeni vzorkﬁ

28 days compressive strength
80,00

KV1: fluid + BFS 75:25 (50%) = T
KV3: GBFS Trinec (50%) £
KV4: fluid + BFS 50:50 (50%) £om
KV 11: fluid + BFS 50:50 (30%) g o
KV 13: GBFS Tfinec (30%) ; o

Ref Ref2 KV1 KV3 Kv4 KV5 KV10 KV11 KV12 KV13 KV14 KVis KVi16
Oznaé&eni vzorkﬁ



Slozka smési E 01 E 02 E 03 E 04 E 05
Betonovy recyklat (Eurovia) 0/32 45,0% 45,0% 46,3% 45,0% 45,0%
Asfaltovy recyklat (Eurovia) 0/32 36,0% 36,0% 37,0% 36,0% 36,0%
Asfaltovy odpad vyroby 9,0% 9,0% 9,3% 9,0% 9,0%
Voda 4,0% 4,0% 3,5% 4,0% 4,0%
GVS EcoCoal (mletd) 4,8% 3,0% 3,2% 0,0% 0,0%
Fluidni popilek 0,0% l 1,8% ‘ 0,0% 0,0% 0,0%
Cement CEM | 42,5R 1,2% 1,2% 0,8% 0,0% 1,2%
DestroCEM 8020 0,0% 0,0% 0,0% 0,0%
VP struska Kladno (mletd) 0,0% 0,0% 0,0% 0,0% 4,8%
. ; Sedmidenni Pevnost po Odolnost
: Objemova oSt p : Modul
Varianta pevnost ulozeni ve proti N .
o - hmotnost yox s « . 1o pruznosti
smesl V pricném tahu vodé ucinkam vody
(g.cm®) (MPa) (MPa) (%) Mary (MPa)
Mix E 01 1,880 0,26 0,27 103,8 13,50
Mix E_02 1,885 0,34 99,4 23,67
Mix E_03 1,933 0,17 0,16 94,1 12,68
Mix E_04 1,884 0,41 102,6 34,54
22 Mix E_05 1,915 0,17 0,13 76,7 11,79




SloZeni smési E 06 E 06A E 07 E 08 E 08A | E 01A
Asfaltovy recyklat (CVUT) 0/32 |  44,4% 0,0% 46,2% 44,4% 0,0% 44,4%
Asfaltovy recyklat (Eurovia) 0/32 ]  0,0% 44,4% 0,0% 0,0% 44,4% 0,0%
SD 0/32 (Litice) 44,4% 44,4% 46,2% 44,4% 44,4% 44,4%
Voda 5,3% 5,3% 4,6% 5,3% 5,3% 5,3%
GVS EcoCoal 0,0% 0,0% 0,0% 0,0% 0,0% 4,0%
Cement CEM 1 42,5 0,0% 0,0% 3,0% 0,0% 0,0% 2,0%
DASTIT 2022 0.0% 0,0% 00% | (6,0%) 6,0% 0,0%
DestroROAD 207010 6,0% 6,0% 0,0% 0,0% 0,0% 0,0%
_ Objemovi Sedmidenni Pev?os:[ po Odolnc_Jst Modul
Varianta pevnost uloZeni ve proti N .
‘. hmotnost wex s v xs 1o pruznosti
smési V pricném tahu vodé uCinkum vody
(g.cm?) (MPa) (MPa) (%) Mar, (MPa)
Mix E_01A 1,931 0,36 0,45 123,7 25,95
Mix E_06 2,080 0,42 102,7 41,74
Mix E_06A 1,928 0,32 0,32 99,4 28,44
yreference mix" ) | Mix E_07 2,099 0,45 - - 48,04
Mix E_08 2,068 0,28 72,9 44,42
b Mix E_08A 2,079 0,29 0,21 72,4 17,07




24

Some conclusions

cold recycling is a long proven technology
there are countries where road administrations have learnt to use it effectively
effective, sustainable and improving pavement structures if wisely used

potential for further fine-tuning or developments in used materials as well as
knowledge about its long-term performance
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