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HRVATSKO ASFALTERSKO DRUSTVO . CROATIAN ASPHALT ASSOCIATION

~COLD RECYCLED LAYER EVALUATION IN
PAVEMENT DESIGN

= Rasponi strukturnih koeficijenata su veliki, nisu jednoznaéno definirani

I stvaraju problem projektantima jer znacajno utjecu na proracun
potrebnih debljina ovisno o tome sto se odabere

-Tehnicki uvjeti nisu uskladeni sa metodologijama dimenzioniranja
kolnickih konstrukcija

- Pristup investitora (konkretno HC) je vrlo dobar i__omo?_uéud'e kvalitativni
zaokret vec€ duze vrijeme ali se ne iskoriStava u cijelosti, CBR postojecih
materijala, receptura_producirana na temelju istraznih radova, \
Iskoristavanje materijala...

- Nema dovoljno informacija o performansama izvedenih slojeva _da bi se |
kvalitetno unaprijedili uvjeti kvalitete te da bi se ulazilo uproracun
nosivosti sa konkretnim podacima - npr.. modul krutosti

-,
- U ovom trenutku smo pred ugové‘{anje izrade novih tehnickih
strane HC-a, vrijeme z?\ reakciju-preporuke-gromjene....

\ |
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HRVATSKO ASFALTERSKO DRUSTVO ./ CROATIAN ASPHALT ASSOCIATION

OLD RECYCLED LAYER EVALUATION IN
“PAVEMENT DESIGN

Vrednovanje ce se definirati kao odnos vrijednosti koeficijenta
ekvivalencije izmedu razlicitih materijala, a temeljem analize rezultata
mjerenja modula, stabiliteta, tlacne &vrstoée i indirektne viaéne évrstocée

-lako se BSM ne moze promatrati kao asfalt nacinjen od vruce asfaltne .
mjesavine trenutno koristimo koeficijente zamjene koji su cca 40-50% manji
od asfalta pa ¢emo analizirati zasto to tako moze biti s obzirom na strana i_
domaca iskustva u promatranju ponasanja i ispitivanja svojstava recikliranih
mjesSavina odnosno slojeva.

-Sto se pak tice CSM-a i kako ga promatrati, te kako smanjiti problem

?revellkog raspona koeficijenata zamjene kod izracuna strukturnog broja
akoder su analizirana neka strana iskustva ali vlastita tehnicka

regulativa koja o_mog_ucutle bolje l|_)roc1ene,materua_la u fazi o

dimenzioniranja i projektiranja ali se uopc¢e ne koristi.

-Na strukturni koeficijent utjecu mnogi vanjski €¢imbenicji koji definiraju
okolnosti upotrebe, temperatura, viagayprometno optereCenje, kvalitet
slojeva u konstrukciji ispod / iznad te unutarnji €éimbenigi-sastav (udig
Supljina, svojstva veziva, stupanj\zbijenosti j Oji nisu sVi res

analizama - treba razvijati nove modelg — ispjtivati zamor i triaks
svojstva — poteskoce iu tabilnosti uzo ¢
( - ot C
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TEHNICKI UVJETI'U RH

. AEHNICKI UVJETI_HLADNO RECIKLIRANJE_HRVATSKE CESTE_2011

Tablica 5-3 Uvjet: kvalitete za hladno recikliranu mje$avinu

Uvjet1 za prometno c 2
o o socten e e Krutost — (NE) mjeri se
vojstva se odnose na tandardna svoj edinice - S
Vilo lako, | Teskoivrlo : i~lst ficlei -
kossede | | ko | DiNAMIiCki deformacijski modul-(NE) mjeri se
Udio veziva [os(m/m)] £02 ITSR- uvjet kvalitete
Temperatura bitumena za piegjenje | [*C] 160 do 195 Tlacna cvrstoca-uvjet kvalitete
Sastav 1 fizikalna Optimalna viaZnost myeavine [elm/m)] Myen se Tablica 6-2 Uvjets kvalitete za ugradem recikliram sloy
svojstva Viaznost Bitumenskim 60 do 80 % optimalne
L vezivom o vlaznosti Uvjett
myesavine Hidrauliénim [*(m/m)] ; " " it
stabilizisane , 9 Svojstvo se odnosi na Svojstvo Jedinica
VezZivom DNS NS
Gustoca suhog modificiranog 3 .
Proctorovog uzorka [tam] Myen se Pojedinacna najvise -15 od projektirane
Indirektna vlaéna évrstoca suhog 7 - . vrjednost viyednosti
- 1Pa 20,175 20,225 - Y% - ——
Mehani¢ka svojstva | —Marshallovog uzorka - ITS suhi MPa] A ' \ Deblna Sredaja g najvise -5 od projektirane
myesavine lndurelna vlacna Curstoca vodom _— K 007 - 0100 > vrijednost vrijednosti
stabilizirane ZAasICeENog shallovog uzorka — dFa 20, 20,
bitumenom ITS mokn ~— / Stupan) zbyenostt [%] 298
Krutost [MPa] Mjeri se
- T ) /‘ ‘\ Prostor 1 povriinu sloja Ravnost [m/km] <30 <25 | —
acna ¢vrstoca on7 MPa 20-5,0
- - Popreénipad | Pojedinaéna Nayvise = 15 od projektirane
Mehaniéka svojstv L . . : - .
€ mjiiax::ﬁ 4 Tlaéna évrstoéa nakon 28 dana [MPa] w povriine vrijednost 4] viijednosti
stabilizirane Indirektna vlacna Evrstoca nakon 7 [MPa] S D (geodetska Srednja ‘ najvise = 5 od projektirane
hidraliénim vezivima ‘130:;3 . . 4 mjerenja) vrijednost vrijednostt
Otpomost na vodu 1 smrzavanje o - - 4 o
nakon 28 dana ° =80 Dinamicki deformacyyski modul | [MN/m’] Ispituje se

e | T —
< & C
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CNS- TEHNICKI UVJETIU RH i SLO

. OPCI TEHNICKI UVJETI ZA RADOVE NA CESTAMA 2001

TSC 06.320:2001, VEZANE SPODNJE NOSILNE PLASTI S HIDRAVLICNIMI VEZIVI

Tablica 5-02.1.4-1  Zahtijevana tlaéna évrstocéa stabilizacijskih mjeSavina

Povprecna enoosna tlaéna trdnost treh
Tlacéna évrstoca stabilizacijske mjedavine prEEHUEuﬂmgv [ﬂbllke valja}, pripra‘ufljer‘lih Za

Sloj [MN/m] dolofitev predhodne sestave stabilizacijskih
nakon 7 dana nakon 26 dana mesanic z enako koli¢ino dobnega
Nostvi sloj kolmicke konstrukerje . e ) . F}D ,,g .
autocesta 1 cesta vrlo teskog prometnog 0d2.0d05.5 0d 3,0do 6,0 hidravlicnega veziva, mora praviloma znasSati
opterecenja - - ' Frr 2 . . -
T P Ty T Ty— : po 7. dneh 3,5 I‘J[N. n;l . hajmanjsa posamicna
teskog i srednje teskog prometnog © 0d15do55 0d25d060 vrednost 2,5 MN/m®, prlpnrﬁgena najvecja
opterecenja 3 3 vrednost pa ne veé od 4,5 MN/m”.

Tablica 5-02.1.1-3 Fizicko-mehaméka svojstva zrnatog kamenog materijala za 1zradu
nosivog sloja stabiliziranog hidrauliénim vezivom

Svojstvo Trazeni zahtjev, \

najvise
Oblik zrna — udio zrna nepovoljnog oblika (3:1), 50
(HRN B B2.048) [24]
Upijanje vode, (HRN B.B8.031) [%4] 1.6
Trosna, nekvalitetna zrma. (HRIN B B8.037) [%a] 7 e u
Otpornost prema smrzavanju natrijevim sulfatom. 12
Gubitak mase nakon 5 ciklusa, (HEIN B B2.044) [9a] - )
Otpornost prema drobljenju 1 habanju po metodi Los Angeles, : 45
(HRN B B2.045) [%4]
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("‘“\



A

—

TEHNIQKI UVJETI_HLADNO RECIKLIRANJE_HRVATSKE CESTE_2011

Koeficijenti zamjene

SC 06.541:2009, PROJEKTIRANJE DIMENZIONIRANJE OJACITEV
OBSTOJECIH ASFALTNIH VOZISNIH KONSTRUKCIJ

TSC 06.520:2009, PROJEKTIRANJE DIMENZIONIRANJE NOVIH

ASFALTNIH

Strukturni broj pretpostavljene konstrukcije racuna se po formuli:

SN = ry f.:‘_,- o .D_~ T dd; D (36)

gdje je:

SN - srukturni broj kolni¢cke konstrukcije [em].

a;-s - koeficijenti zamjene, koji ovise o vrsti materijala u pojedinim
slojevima kolni¢ke konstrukcije.

D, -5 - debljine pojedinih slojeva kolniéke konstrukcije [em].
Za dimenzioniranje kolmicke konstrukcije prema AASHTO metod: strukturmog broja (SN -

Structural Number) u tablici 2-2 dam su strukturni brojevi za pojedine kombinacyje recikliranog
materyjala stabiliziranog bitumenom 1li cementom.

Tablica 2-2 Koeficyjent ekvivalencije za 1zradun struktumog broja (SN) za sloj proizveden od reciklirane
myesavine drobljenog kamenog materyjala 1li prirodnog sljunka stabilizirane bitumenom ili cementom

Koeficijent ekvivalencye za 1zratun strukturnog broja (SN)
Vezivo u recikliranoy sloju
Drobljem: kamen: materyjal Prirodni sljunak
Croem 0.10-0,15
Upjenjeni bitumen ik
bitumenska emulzija 0.22-0,28

VOZISNIH KONSTRUKCIJ

Determination of Structural Equivalency Factors
of Recycled Layers By Using Field IData

ARFA AR VAN WYL E LN . YOO AMD LECMARD B, WOOD

Dy = asphalt surface thickness = 1.25 in

Dy

(32 mm) ,
0.44,

= foamed-asphalt recycled-layer thickness =

5.5 in,

S
remaining paveElhent-layer thick-

ness = 1 in (25 mm),

0.10 (low value assumed since the layer
can be broken up and cracked),
granular-layer thickness = 4.5 in (115 mm),
and

ag = 0.11.

Razpredelnica 1: Povpreéne vrednosti koli¢ nikov ekvivalentnosti osnovnih cestogradbenih materialov \

o nema ispitivanja koja potvrduju odabrami SN preporuca se koritenje mize -
VITjednost.

Vrsta materiala Koli¢nik ekvivalentnosti - a

- za obrabno plast:

- bitumenski beton a, =042
- drobir z bitumenskim mastiksom a,= 0,42
- za zgornjo vezano nosilno plast:
- bituminizirani drobljenec 2,y =035
- bituminizirani prodec ay =028
- za spodnjo vezano nosilno plast:
- stabilizirana zmes kamnitih zrn
- Z bitumnom ay =024
- s cementom ag, = 0,20
- za spodnjo nevezano nosilno plast:
- drobljenec asn=0,14
- prodec 2, =0,11"
Legenda:

' omejen z debelino plasti 40 cm

W J)
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DIMENZIONIRANJE KOLNICKIH KONSTRUKCIJA

J(oeficijenti zamjene
s

3.3.Meteda AASHO za dimenzioniranje asfaltnth kolnickih ' 3.4.Metoda za dimenzioniranje asfaltnih kolni¢kih
konstrukeija konstrukeija po HRN U.C4.012.
Tablica 3.5 Koeficijenti zamjene Tablica 3.6. Prosjecni koeficijenti zamjene
Koeficijent zamjene Prosjetni koefi- S L
. p P, . e R } i ]
Dijelovi kolnicke konstrukcije a a5 a; Vrsta materijala cijent zamjene astav 1 S;{Eg:j\ﬂ
— : . rema
Kolnicki zastor niteruala P
. 011 radi i 2 .
Asfalt kop. se radi na cc?slam.a {m§la §[abll|1osl) 0.20 Asfaltbeton < 0242> UE4014
- Asfalt proizveden u asfaltnoj bazi (visoka Q0,44 D - -
stabilnost) Bitumenizirani drobljeni kameni materijal 0.35 U.E9.021
-HPjeéfE.ani a.sf.'alt : 0,40 Bitumenizirani $ljunak s dodatkom kamene 0,33 U.E9.02]
Gornji nosivi sloj sitnezi (min. 30%)
- Pjeskoviti §ljunak 0,07 . ——
- Drobljeni kamen 0.14 Bitumenizirani §ljunak 028 U.E9.021
- Materijal stabiliziran cementom s tlaCnom Bitumenizirani materijal za donje nosive slojeve 0,24 U.E9.028
¢vrstocom nakon 7 dana o ,
> 4.5 MN/m’ Stabilizacija cementom @ U.E9.024
2.8 - 4.5 MN/m’ Stabilizacija vapnom 0.17 U.E.9.026 —
<2,8 MN/m’ . |
c o N Tucanik 0,14 U.E9.020
- Stabilizacija zrnatog materijala bitumenom '
- Stabilizacija tla bitumenom 0.25 Drobljeni kameni materijal 0,12 U.E.9.020
- Stabilizacija ta vapnom 0.15-0,30 Pjeskoviti prirodni $ljunak 0.1 |UE9.020
Donji nosivi sloj " —
- Pjeskoviti 3ljunak 0.11 Drobljeni prirodni sljunak 0.11
- Pijesak ili pjeskovita glina 0.05-0.10 | ~ |Prirodni $ljunkoviti pijesak 0.07

BSM NIJE VALIDIRAN U OVTM/NORMAI\/IA, SA CSM-OM JE MANfJI PROBLEM e
\ |
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STRUKTURNI KOEFICIJENTI

/— korelacije svojstava I koeficijenata zamjene - cementna stabilizacija
—

3.4.Metoda za dimenzioniranje asfaltnih kolnickih
konstrukeija po HRN U.C4.012.

Tehnicki vvjet za tlaénu ¢vrstocu
nakon 7 dana

mml ; . — - e : -
o n.z{ ,,AK""A )
- ; A ;
E 0.201< ,(/ 1 TSC 06.320:2001, 2,5-4,5 MPa, a3= 0,17-0,23
G / |
™ E.1EE - )
§ - // 1 TU HR 2011, 2,0-5,0 MPa, a3= 0,14-0,24
0,12 e -
e ! TU HR 2011, a3= 0,15-0,20
008 L,- -
WE OTU 2001, 2,0-5,5 MPa, a3= 0,14-0,26
I
o | T T T I R Srednja vrijednost za proracun, a3= 0,20
o 1 z 3 4 5 & T
TLACNA CVRSTOCA POSLIJE 7 DANA  MN/mZ " |
Slika 312 Koeficijenti zamjene za nosivi <

slof od zrnatoga kamenog
materijala stabiliziranog ceimentom

w ovisnosti o acnoj évrstodi
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STRUKTURNI KOEFICIJENTI

- korelacije svojstava I koeficijenata zamjene - cementna stabilizacija
E_=01548+13149¢,

where E. = elastic modulus (psi).
LAYER COEFFICIENTS FOR NEW AND

where REPROCESSED ASPHALTIC MIXES

E. = chord modulus (MPa), and

@, = unconfined compressive strength.

REPORT NUMBER: WI/SPR-04-00

A multiple regressjon-med a.ihe obtained data. The best-fit model is as follows:

(22) H. U. Bahia, Assistant Professor: P. J.
Bosscher, Professor; J. Christensen,
Research Assistant; and Yu Hu, Research

E, =17759+579.77(C) + 9.6113(,)

E. = chord modulus (MPa),

C = cement content (% by weight), and ASSIStant
7 = dry unit weight (kg/m®).
Layer cOeffieients were detesrrmified by use of the AASHTO nomograph. The equation for the . . . ) )
relationship between a, and the modulus was derived from the nomograph: Un |Ver5|ty Of WlSCO”Sl n a M ad ISOn Dept Of
L . Civil and Environmental Engineering —
Substitution of the elastic moduli for the previous equation resulted in the layer coefficients. The layer
coefficient values ranged from 0.09 to 0.27, depending on the clay content, dry unit weight, and cement \/
content. Increasing the cement content and dry unit weight increased the layer coefficient, whereas et
increasing the clay content lowered the layer coefficient. '

o  \
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COLP RECYCLED FAYER EVALUATION IN
. PAVEMENT DESIGN

Bituminous binder

i None i Low | Intermediate i High i
! ! 0,5-20% ! 20-40% ! 40-70% !
T i i | T
I I I
Concrete |1 i i Very high
| | | 80-10,0
| | |
T -Ir —————————————— |—— = —— ————————————— -
| |
| | 1 . E
i : Presumed ef:onomlcally High =3
. not viable 30-50% | &
i 5
"_";""""""TF'"""""‘ \ """
Lightly cemented | | Intermediate Tablica 2-4 Orjentacyski udio veziva u recikliranoy mye3avini za procjenu troskova radova
material i Cemented foamed bitumen and 15-30% - - - -
C4toC3 ! emulsi s Udio veziva u recikliranoj mye3avni (% m/m)
! aterial —
T .- Cement Hidrauli¢na veziva Bitumenska veziva
| _ g S
i tow— T re 1.5-4 1.5-3.0
I 0,5-15%
I ’ ' 4
| ~~

_____________ pEmme—eme i SRR _ _
4 3
Foamed-bitumen and
emulsion treated

Greater permanent deformation resistance

behaviour

material
I ~ T /, 1
! \ ! / ! None
| | |
: Siress : Temperature :
i dependent i dependent, : L /
i behaviour i visco-elastic i
| | |
| |

Improved flexibility

Figure 2. Matrix of the basic characteristics of road-building materials.

(/-\x
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KORELACIJE SVOJISTAVA- Moduli

- SUGGESTED STRUCTURAL LAYER COEFFICIENTS
—— Suggestd srutural layorcosficierts SR o s

[ Structural layer coefficient (perlinch) | | mlax | 0.05 [T g.0B  o.10 0.12 0.14

0.18 0.23 0.28 0.35 parcm | W I I T
[Indirect tensile strength (ITS) after stabilisation | .»".‘ par !m__h 0.13 0.16 021 0.26 0.30 0.35

. » q'
s {: | I
ITSorr (KPa) 125 175 « || 225 [ STRUCTURAL LAYER COEFFICIENTS AFTER STABILISATION
S wer & S (kPa) 50 as + 2l 00 1' —— 1
. - [NDICATIVE STIFFNESS (RESILIENT mODULUS) |
150 mm O specimens ’ . . I | I
. o Inifal Stiffness 500 750 1000 1500 2000 2500
ITSeoun (kPa) gls 135 .o 1'|v5 Phase 1 (MPa) [ ]
[indicated shear properties | | .o Equitieium Stiffress 100 280 400 550 700 800
Cohesion (kPa) sp 190 . . 2§0 Prase 2 (Mpa)
Angle of Friction (°) 25 30 EHIE |
| Material CBR value before stabilisation (at field density) | -
(Materials with CBR < 20% not | . . Indire el Tenalle 700 150 200 3o 400 S00
racommended) 2|0 4|0 : . 80 Stre ngth (kPa)
| Anticipated application rate of bitumen forslablllsTauon (% by nl"lass) | ATICIPATED MATERIAL CHARACTERISTICE AFTER STABILISATION
25-4.0 | 20-30 1.8-23 Nate: Far atruciural design rafs greater fhan 300 000 ESAL's e ndirest Tensile Strang®
I I I T I T TS jwakss should alwa)s be obansed Fom fie bamed bdumen mix dasign.
T T T T T T T 11 T T N
Layer coefficient ranges for foamed bitumen stabilised materials,
Recycled Pavements Using Foamed Asphalt in Minnesota, \_
Resilient Moduli ranges for BSMs A .Eller, R.Olson, MN/RC 2009/09 Minnesota DOT, St. Paul, Minnesota
Material type Bitumen Content of BSM (%) Resilient Modulus MR(MPa) 2009 '
100% RAP 16t02.0 1,000 to 2,000 |
RAP/crushed stone
181025 800 to 1,500 S
(50:50 blend)
Graded crushed stone 20103.0 600 to 1,200 St
Natural gravel (Pl < 10, CBR>45) 221035 400 to 800
Natural gravel (Pl < 10, CBR>25) 25t04.0 300 to 600

("\

‘ :
Wurtgen Manual 2012. \/ ( et
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NORME ZA DIMENZIONIRANJE

_ 7~ korelacije svojstava 1 koeficijenata zamjene

. .
3.4. Metoda za dimenzioniranje asfaltnih kolnickih Temperatura pri ispitivanju 60°C _
0.5 — S BBTM 11B PmB 45/80-65 9,6
< i SMA 11 PmB 45/80-65 9,92
=T al=0,42-0,44 AC 8 surf B 50/70 13,2
=1
& o3l
S 1 AC 11 surf PmB 45/80-65 13,2
[ ] i
o oozl AC 32 base B 50/70 15,8
g L
A " Temperatura pri ispitivanju 15°C
' - TN\
L . ]
T T T i s e o T s BBTM 11B PmB 45/80-65 18,7
STABILNOST PO MARSHALU kN SMA 11 PmB 45/80-65 23,4
Stike 3.10. Koeficijenti zamjene za asfaltbeton ~/  AC8surfB50/70 31,9

i nosivi sloj od bitumeniziranogu
) AC 11 surf PmB 45/80-65 32,3

drobljenog kamenog materijala u
ovisnosti o Marshallovom stabiliteti & AS Bl g e/

“ ~ C
Napomena: Stabilitet po Marshall-u se vise ne ispituje iako je (Qs,nova za dimenzioniranje
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KORELACIJE SVOJISTAVA- STABILITET

Table 2
Testing results of foam hitumen treared marerials (gradarion A)
]
Foam bitumen Cement Density Optimum molsture ITS (kPa) TSR Marshall stability Flow Q (kg/mm )
(%) (%) (glcm™) (%) (%) (kg) (0.01 mm )
Dy Soaked
1.0 1.3 200 6.4 250 155 62 1225 405 302
1.3 188 6.3 264 167 63 360 325
1.3 196 6.2 279 215 77 1050 330 318 S
1.3 194 6.5 310 235 76 7\ 915 300 305 B
1.3 183 6.5 299 218 73 290 281
13 1482 6.3 225 205 o1 785 285 275
1.3 191 6.4 185 164 80 700 280 250
1.3 180 6.3 175 155 29 525 270 1594
Table 3
Testing results of foam bitumen treared marterials (gradartion B).
Foam bitumen Cement Density Optimum moisture ITS (kPa) T5E Marshall stability Flow ) (kg/mm )
(%) (%) (glem) (%) (%) (kg) (0.01 mm )
Dry  Soaked ‘
1.0 1.3 205 6.6 225 195 a7 1650 465 355 E
1.3 203 6.5 272 235 26 425 374 §
13 202 6.7 285 243 B85 ([ 1455 415 351 E
1.3 201 6.5 315 265 g4 7\ 1375 385 357 ?
1.3 188 6.6 325 272 24 350 356 E
1.3 196 6.4 310 212 GE 1095 320 342 g
1.3 154 6.7 265 207 78 965 285 327
1.3 1483 6.8 248 190 77 795 275 2809

et
Application of foam bitumen in cold recMing and hydrated, lime in airport p
strengthening, Leila Hashe[,nian a,*, Amir Kavussib, H

=

e & ¥ ¥ & ¥ 8 ¥ 8 B

a3=0,42 * 0,6= 0,25

DY

Too coarse

L

-
07 015 035 043 OKS

1M ATSETASIAIMINS

Sieve size fum)

Gradation A — «+— -+

Crdaticss B o— . — .=

Fig. 1. Aggregate gradations of feam bitumen stabilized base layer.

ayoun H. Aboalmaalli

et

t
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HRVATSKO ASFALTERSKO DRUSTVO o’ CROATIAN ASPHALT ASSOCIATION

_ KORELACIJE SVOJ STAVA-ISTRAZIVANJA
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Table 2.2. Properties of Cold Recycled Mixtures from the Literature H LTS i 9
. T le
- .
L ]
s H
fveen $  JOINT HIGHWAY RES
Reference Stability (1b) R E (psi) Remarks : EARCH PRDJECT i
[ ]
L 4
66 4 ,200-9,000 85-95  60,000-200,000 28 day cure s JHRP-84-1 °
Emulsion . ;
added at 77°F :
s $
66 5,900-8, 400 91-95  100,000-200,000 28 day cure E DETERMINATION OF THE STRUCTURAL H
Foamed asphalt H :
maaacrre 3 COEFFICIENTS OF A FOMVED ASPHALT |3
. o . _ .t 140°F :  RECYCLED LAYER $
. .
°
E = elastic modulus o A. J. van Wijk
1 psi = 6.9 kPa °
°c = 5/9 (°F-32) 4 T
1 1b. = 4,45N s.lill.liicl..iii.'.'li..".0...0..0.....-..‘.‘... S—
TABLE 1 Results of Laboratory Strength Tests
Time after Resitient Modulus Marshall Stability Hyveew R-Value
('onstruc-
Specimen tion (days) N Avg (psi) S0 (psi) N Avg (Ib) SD(lb) N Avg SD
Foumed asphalt 10 C 41 97,400 26,100 12 1,964 1,050 25 74.3 9.2
Foamed asphalt 375 12 333,000 84,000 3 1,900 100 1o B2.0 9.0
Emulsion 400 14 247,000 $2,000 $ 1,300 790 " 84,5 56
Note: 8D = standard deviation: N = number of samples; | 1h = 4 448 N | psi = 6.8% k¥a,
N e —
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KORELACIJE SVOJISTAVA- Moduli

~/ Uyjeti ispitivanja: t=20°C, f=8 Hz

Naziv projekta Oznaka vzorka ITSR Wet | ITSR Dry Resilient Stabilitet
(MPa) 1)) Modul (kN)
(MPa)
DC 407, prolaz kroz Zadar Probna dionica 1, km 0,366 0,507 4194 5,8 kN
0+130, desno
DC 407, prolaz kroz Zadar Km 0+280, desno 0,403 0,512 3983 5,4 kN
DC 407, prolaz kroz Zadar Profil 116, desno 0,415 0,514 4793 5,3 kN
DC 9, dionica Metkovi¢ - Opuzen Probna dionica / / 1054
DC 9, dionica Metkovié¢ - Opuzen Od profila P21 do / / 993 /
profila P27 \
DC 9, dionica Metkovié¢ - Opuzen Profil 75, raspon / / 3353 /
ugradnje od P72 do
P81
DC 1, Grab-Vuipolje km 0+680 0,217 0,317 1356 3,1 kN
Nt -

O g .
— ( N/
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KORELACIJE SVOJSTAVA- Moduli

Lﬂbﬂl’ﬂmﬂ’ LE!.}'E‘T Equivalence TABLE 1: Project Descriptions . |
. - Bﬂfkf_‘ﬂ]c‘[ﬂﬂt@d Project : LOCEIT]OI.I : : Mix Design :
B Age Rf_lglhem‘ Baged on Equﬂl La‘rﬂ' Route 1A, Orient- The project is located in PG 64-28 asphalt binder. 2.5 % .
PTG]E'CI- 1 Modulus .. . s Cary Aroostook County, on Route | Water. 3.0 % ., Portland Cement.
(T‘,rea_[s) Modulus' brmm (.Ofl:flf.‘lfﬂt' 1 blerween the towns of . 1.5 2%
d /m - - Orient and Cary Plantation.
aN kst | MPa | ka | BSM | AIB
/
Belgrade-Rid =) [ 12438 [\804 | 9993 | 1449 | 100 | 067 0.2
- i - ce C R 2A. Tt ject is 1 di PG 64-28 asphalt binder. 3.0 % .
Dﬂfﬂt (M_‘,’-R’E 1 ‘:"1 21 l 13 4 Elﬁz 6:”0 9}{] 1 ]-B ﬂ?g 023 L-Iillf\iahoc —TIR4 A.ll'zirtg]c?}ircl'souzil:'}a:ecml;oute Water, 3 .Oa‘;f .laP;rt]l.:lllclzlc'elllellt.
: - - WELS 2A between the towns of 1.5 %
Farmngton-Rt 156 <L\ | 4537 | P339 | 18271 2650 | 123 | 082 022 Macwahoe and TIR4
WELS.
Macwahoc-Rt 2A <1 N\ 3358 /4824 | 25051 | 3633 [ 135 [ 091 033

1: Laboratory tests were conducted of cores faken from top part of the layer only. Intact cores could only

be taken from top 100mm of the lavers.
2: Determined according to procedure outlined mn AASHTO Guide for Design of Pavement Structures,

1993 as done m Reference 3.

\./

et

Route 15,
Bucksport

The project is located in
Hancock County. on Route
15 in the town of Bucksport

PG 64-28 asphalt binder. 2.5 %.
Water. 3.0 %, Portland Cement.
1.5 %

\—/

~

o

Determination of Structural Layer Coefficient for Roadway Recycling Using Foamed Asphalt,
Maine Department of Transportation & Worcester Polytechnic Institute,
Brian Marquis, Dale Peabody, Rajib Mallick and Tm Soucie
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All Iaboratory test results on optimmum mix designs of BSMs-foam are presented in Table 4. Table 4: Foamed Bitumen Stabilised Mix Characteristics
Table 4: Foamed Bitumen Stabilised Mix Characteristics No. | Lah. No. . Bitumen Stabilised Mix (Eharatterisrits . Road Section
No. | Lab. No. Bitumen Stabilised Mix Characteristics Road Section Max Max | IT5 | TI5 | Rato | Sm | Sm | Ratio

Mix | Max |ITS |ITS | Ratio | Sm | Sm | Ratio Buk | Dry |Dry|Wet| ITS | Dry | Wet | Sm

Bulk | Dry |Dry|Wet| ITS | Dry | Wet | S'm Denstty| Density WD WD

Density| Density WD WD kg’ | kg’ |kPa|kPa| % |MPa|MPa| %

' | kglw' % al % ]

kgm | kgor |KPa|KPa| % | MPa|MPa| ° 1| S2A11 | 2191 | 2336 |418|342| 818 | 4526 | 4370 | 966 | H3/0090 and 690
I | SRAIL | 2191 | 2336 | 418|340 | 818 | 4526 | 4370 ) 9.6 H3-:“‘390a“d*"9ﬂ 2| s3Ad1 | 250 | 247 |400(322] 805 | 3625 | 1011 | 279 | H3/0090 and 690
2 53-A- 15 m in 5 25 27 | N
2| AL | 2 4? 4001322 | 803 | 3625 | 1011 ) 279 | H3/ 0090 and 690 3| 490-A-11 | 2198 | 2151 |482|431| 894 | 4068 | 3255 | 80.0 | R3-646/1196
3| 490-A-11 | 2198 | 2151 [482|431| 894 | 4068 | 3255 | 800 | R3-646/1196 s oot T os | o5 s e | 307 7058 st | 50 | ot
4 | 464-A-11 | 2267 | 2216 | 544|439 | 807 | 7056 | 6491 | 920 | RI-216/1177 i
s [wosati | ors | o3 [37]304] 813 [ 5234 3556 | 679 | Ra-642/1360 S [WSALL | 075 | 230 |3 304) 813 | 5034|3536 | 679 | R3-G4/1360
Averagevalue| 2196 | 2236 | 444|368 | 827 | 4902 | 3737 | 19 Average value| 2196 | 2236 | 444 | 368 | 827 | 4902 | 3737 | 729

QUALITATIVE CHARACTERIZATION OF FOAMED BITUMEN STABILISED MIXES

Aleksander Ljubic, Roman Baselj, Natasa Zavrtanik, Mitja Kozamernik\,'ﬁa
d.d. Building Materials Institute, Ljubljana, Slovenia "t

T\

jjan Zore Ig
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KORELACIJE SVOJSTAVA- Moduli

~—’

175 mm

200 mm

175 mm

200 mm

2006

1532

037 679
742 [ Max stiffness before traffic

I Stiffness at 360 days

4229

5000| 4000 3000| 2000 (1000 @ 1000, (2000 3000 (4000 5000

Back-calculated Stiffness (MPa)

15th INTERNATIONAL FLEXIBLE PAVEMENTS CONFERENCE

OF AAPA,

Alan Lynch, Kim Jenkins, Stellenbosch University

Finally, the benefits of BSM--
-foam bitumen stabilisafion are notable after a year
construction with Mr values between 600 and 1000

MPa (with 1% cement) and > 2000 MPa (with 2%

cement).

The equivalent Mr values of the granular material are

between 350 and 550 MPa.

Alan Lynch, Kim Jenkins, Stellenbosch University

~

ot

Nt
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Structural Coefficients,

Base Treatment

AASHTO example

Existing Road Material

Yery Dirty

<0.10

Rounded Ag |Ved Quality Ag| High Quality Ag
High Fines | Med.Fines High RAF

Q.10-0.42(0.12-0.14

z0.14

Untreated

Hydrated Lime 0.12 0.14 /A /A
0.14-0.23

Cement (CTB) (soif cement) (depends upon % cement & material; lower for less

cracking)

Emulsion™ 012 |0.12-0.16|10.16-0.20( 0.20-0.23

EE Granular Base Stabilzation A |0.18-0.20|0.21-0.22 .

EE Full Depth Reclamation A/A 0.22 - 0.24//0. 25-0.28

Foam" [| o025

CIR (EE) No.28-0.33+

* Values are from the feraiure. Al valles here
generaiized, each agehy fias own point of view.

Walles validated by FwvD

Coefficients depend upon:

Materia guality
Passing the mix design criteria
Passing quality control requirements

Table 13. Summary Table of AASHTO Structural Ceefficients Determined for the Various Types

of Recycled Materials Studied.

Type of Recycled Layer
Material Used As

Range of &

Comnuted

Average

Computed a5

Central Plant Surface
Recycled Asphalt Concrete

In-Place Recycled

Asphalt Concrete
Stabilized with Asphalt
and/or an Asphalt Modifier

Base

In-Place Recycled
Asphalt Concrete and
Existing Base Material
Stabilized with Cement

Base

In-Place Recycled
Asphalt Concrete and
Existing Base Material
Stabilized with Lime

Base

EVALUATION OF CERTAIN STRUCTURAL CHARACTERISTICS

et

OF RECYCLED PAVEMENT MATERIALS

0.37-0.59

0.22-0.49

0.23-0.43

0.40

0.48

0.39

0.33

0.40

L -

Dallas H. Little

Assistant Professor of Civil Engineering

Texas ARM University

aj for Corresponding
Layer and Material
at AASHTO Road Test

Professor of Civil Engineering

Texas A&M University
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KORELACIJE SVOJISTAVA- Moduli
~/ Uyvjetl Ispitivanja: t=20°C, f=8 Hz

The layer coefficient a> for nonstabilized base materials is given by:

a, =0.249l0g E, —0.977 (13)
and the layer coefficient a; for nonstabilized subbase materials is given by:
a, = 0.227log E; —0.839 (14)

in which:
E: = resilient modulus of unbound base layer materials
E: = resilient modulus of unbound subbase layer materials

The layer coefficients in the AASHO Road Test were assumed equal to 0.44 for asphalt concrete,
which corresponds to a My = 450,000 psi; 0.14 for the granular base, corresponding to Mg =
30,000 psi: and 0.11 for the subbase, equivalent to Mg = 15,000 psi.

The subgrade is characterized solely by its resilient modulus in Eq. (7). There are also several
correlations between Mg and other soil properties that can be found in the literature. Most of them
relate Mg to CBR or R-Value (Heukelom and Klomp, 1962; Asphalt Institute, 1982; Van Til et
al.. 1972 — after Huang., 1993; NCHRP, 2004).

Implementarion of the NCHRP 1-37A4
Design Guide

Final Report

0.5 T L 1 1 1
I './._..-"":
0.4 ]
5 0,37 /
2 a L J
< 5 I /A
£
s§ o
= 5
g o
a L 0,25 -
E H ; //
z 5 02
Z £
I 1
72}
o1
- .
0.0 L ] ] 1
0 100,000 200,000 3000002 MPa 400,000 500,000

1 MPa
Elastic Modulus, E, . (psi), of

Asphalt Concrete (at 68°F)

Figure 2. Chart for estimating layer coefficient for asphalt concrete based on elastic modulus

(AASHTO, 1993)
Nt
1 psi=6,9 kPa, t= 20°C -

~

£
Ty y o

Volume 2:
Evaluation of Mechanistic-Empirical
Design Procedure

MDSHA Project No. SP0077B41
UMD FRS No. 430572

Submitted to:
Mr. Peter Stephanos
Director, Office of Material Technology
Marvland State Highway Administration
Lutherville, MD 21093

Written by:
Charles W. Schwartz Regis L. Carvalho
Associate Professor Graduate Research Assistant

wr
= Department of Civil and Environmental Engineering

= The University of Marvland
> College Park, MD 20742
February, 2007
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HRVATSKO ASFALTERSKO DRUSTVO

_ KORELACIJE SVOJSTAVA-
Dinamicki deformacijski modul

Tablica 2.14. Korelacije pokazatelja nasivosti | deformabilnosti tla i slojeva

nevezanoga crnatog kamenog miaterijale

N

Rezultati ispitivanja MS-a krecCu se u

rasponu od 110 MPa do 195 MPa
(od 700 do cca 3000 MPa dinamicki

modul elasticnosti )

. N R cp Modul

CBR Mfmdul flijstlf:l'l(‘}ﬂ‘i‘.[ DII‘IE'I!TIH:ﬁ{I IT‘I(_’deI I":-'Eo_dni stbiéijiv‘c:st(i reakeije

(%] (njemacki propisi) elasti¢nosti (Svicarski propisi) podloge

[MPa] [MPa] [MPa] [E\JTN!'ITT_'}

E.i Ea(*) E Ms k
3 9 (13) 30 12 25
- 10 (17) 40 13.5 34
5 1 (19) 50 14.5 38
6 13 (22) 60 17 43
7 16 (27) 70 21 47
8 18.5 (31) 80 24.5 30
10 21 (36) 100 28 54
15 28 (48) 75 150 37 65
20 33 (55} 83 200 44 74
30 44 110 300 38.5 04
40 58 130 400 77 113
50 68 130 500 90 136
60 78 160 600 105 160
80 93 180 300 Z3) 187
100 | 105 190 1000 (140 ) 215
(%) Frifednosti u zagradi odnose s na kgherentne materlfedeZa bez zagrade na
nekolierentine materijofe.

CROATIAN ASPHALT ASSOCIATION

(*”\
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Istrazivanje | razvoj

\-—/Stiffness Identification of Foamed Asphalt Mixtures with Cement, Evaluated in Laboratory and In Situ in, Road Pavements, ukasz
Skotnicki *, Jarostaw Ku“zniewski and Antoni Szydlo

Roads and Airports Department, Faculty of Civil Engineering, Wroclaw University of Science and Technology, 50-370 Wroclaw,
Poland; jaroslaw.kuzniewski@pwr.edu.pl (J.K.); antoni.szydlo@pwr.edu.pl (A.S.)

When analyzing the results from Tables & and 7 and Figure 15 the stiffness modulus value
determined in the laboratory is comparable with the modules of the material used in situ. As a result
of the analyzes, a good correlation between field and laboratory tests was obtained in the analyzed
range of temperatures. The conversion factor of the modules "k" determines the relationship (4), which
describes the ratio of the stiffness modules defined in the laboratory to the values of the field modules,
as a function of temperature.

k = 0.8417.¢%001T, (4)

where:
k—module conversion factor [-],
T—FAC layer temperature [*C].
The “k” conversion factor takes values from 0.84-0.87 depending on the temperature—Table 8.

Table 8. List of conversion factor "kK” values.

Temperature T [°C] Factor k [-]
-2 0.84
10 0.85
25 0.86
32 0.87

4.3. Fatigue Durability of Pavement Layers Structure

Using the obtained module values and the model presented in Figure 14, the fatigue life of the
structure was calculated for the designed thicknesses. Equation (5), developed by the authors, describes
the criterion for the FAC mixture:

N (057408-A1064234-C)
e = e (K) 7T (58 frofofs =)
where:

e—strain in the FAC layer,

eg—strain at millionth load cycle, 0.000168 was adopted,

Ngap—number of load cycles to achieve a decrease in the complex stiffness modulus to 30% of the
initial value,

A—percentage of new asphalt in the FAC layer, 4.16% was adopted,

C—percentage of cement in the FAC layer, 3.38% was adopted,

k—a conversion factor of the modules defined in the laboratory to the modules in situ, for a
temperature of 10 *C,

f1—a shift factor dependent on stiffness of FAC mixture, range between 0.8-1.0, was adopted 0.81,

fo—a shift factor dependent on bearing capacity of subgrade, range between 0.8-1.0, was adopted
0.83,

fa—a shift factor dependent on heterogeneity of FAC mixture, range between 0.8-0.95, was
adopted 0.92.

For the identified modules and model from Figure 14, strains at the bottom of the FAC layer were
calculated. £ = 0.0000412 was obtained. Using Equation (5), N = 29,500,000 axles of 115 kIN were
calculated (fatigue life). The required minimal number of load axles for the road pavement is equal
12,000,000 axles 115 kN.

5. Conclusions

The conducted analyses for FAC mixtures (foamed asphalt mixtures with cement) showed that:

Table 2. Composition of FAC mixtures.

Share in MM Share in FAC
%
No. Material Name (4l
%) Recipe No.
C3A3 (A3 (3A5 (A3
1 Reclaimed asphalt pavement (RAP) 1510 1314 1208 1283 13m
2 Stone base 2830 62 MM M5 M0
3 Crushed granite stone 2830 462 M3 W05 M9
4 Material for improving gradation 2830 462 M43 U0 2490
5 CEM1425 C 338 438 338 238
6 Foamed asphalt A 3.50 3.50 5.50 350
7 Water w 613
N, (0T403A406234C)
_ 078721 £
e=eg (k)" (355 frfofs
Table 4. Properties of the FAC mixture (C3A3).

Analyzed Feature

Samples Compacted in the Laboratory

Curing Conditions

7 Days 14 Days 28 Days
Density [g/cm?] 2.520 2522 2.525
Bulk density [g/em®] 2.218 2.220 2.226
Air void content [%] 1175 11.69 11.66
Marshall stability [kN] 10.06 11.33 11.84
Marshall flow [mm] 0.84 078 076
Compressive strength [MPa] 1.62 221 245
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HRVATSKO ASFALTERSKO DRUSTVO ot CROATIAN ASPHALT ASSOCIATION

\_)SPITIVANJA TRIAKSIJALNIH SVOJSTAVA

u%j' Actuator
E
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©
o Loading plate
=
g VDT cables
=)
g
% VDT collar
g VDT
© LVDT base collar
il
g
il
&
£
=
=
Compression
pipe

=
“igure 4.27: Core after triaxial testing (NB kin 16 tested at 0 kPa) !
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Istrazivanje | razvoj - Tehnic€ki propis za asfaltne kolnike
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Tablica A14: Bitumenske mjesavine od asfaltbetona za habajuce slojeve asfaltnih kolnika svih prometnih povrsina osim

N—’

HRVATSKO ASFALTERSKO DRUSTVO

operativne povrSine aerodroma - fundamentalni pristup

CROATIAN ASPHALT ASSOCIATION

Asfaltbeton za habajuce slojeve
HRN EN 13108-1
(fundamentalni pristup)

Tipovi asfaltbetona

F1 F2 F3
AC 11 AC 8 surf; AC 8 surf
surf AC 11 surf AC 11 surf
Sastaym. Primjenska oznaka smjese agregata AG1 AG2 AG3i AG4
materijali
o . 50/70;
Cestogradevni bitumen - 35/50; 50/70 70/100
Polimerom modificirani bitumen 25/55-55; 25/55-65; 45/80-65; 45/80-55
Reciklazni asfalt dopusten
Fizikalno-mehanic¢ka svojstva bitumenske mjeSavine
Tocka 5.2.2 @ Vi Vi
— Udio supljina, V, %(V/V) L [k
Vmax7 VmaxG
B Najmanji omjer indirektne vlac¢ne ¢vrstoce,
Tocka 5.2.4 ® ITSR
i TSR, (%) She
Toctka 5.2.6 © | Najveéa brzina deformacije, WTSar WTSar
2 g ® ©
Tablica8 | (mm/10° cikl.) ooy | WTSaroor™ | WTSaRo10
Tocka 5.2.6 © | Najveca relativna dubina kolotraga, PRDair
. ? ' PRD PRD
Tabllca 9 (%) AIR 7,0 AIR 9,0
Najmanja relativna deformacija pri 10 °
Tocka 5.4.4 @ . q
s ciklusa, cs, (umim) 2 Y ey
Shi Shi Shi
Totka 5.4.2 © Modul krutosti, S, (MPa) ( s Ll L
\ [~~Suax9 000 Smax9 000 Smax9 000_—1
‘g
Otpornost na  [Temperatura sloma, Triwe (°C)
niske IMRVC ®, ARy max, (MPa) ne ispituje se
temperature ® [Temperatura pri MRVC O, T(ARymax ),

\_/

( 2
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_ ZAKLJUCAK:

-Dimenzioniranje bi trebalo raditi na temelju projekta sastava reciklirane mjesavine u kojem su iskazana
potrebna svojstva iz kojih se mogu toCnije odrediti koeficijenti zamjene.

-Modul krutosti za mjeSavine stabilizirane bitumenskim vezivom bi trebalo obavezno iskazati a
preporuciti mjerenje triaksijalnih svjstava, osobito na projektima iznimno teskog prometnog
opterecenja.

-Preporuke za drobljeni kameni materijal kad ne postoje ispitivanja — projekt sastava,

koeficijenti ekvivalencije na razini idejnog rjesenja.:

Koeficyjent ekvivalencije za izradun strukturnog broja (SN) CNS IN SITU a=0.15
ezivo u recikliranoj sloju !
‘ - e Feindot M CNS IN PLANT a=0,18
e S R BSM (FB) IN SITU a=0,28, Sm= 800 MPa
e cantia 028-033 022-028 BSM (FB) IN PLANT a=0,32, Sm= 1000 MPa

- Vece vrijednosti odabirati na temelju rezultata provedenih ispitivanja

- Dozvoliti upotrebu prirodnog Sljunka i na cestama teskog prometnog op’rereéehjd.

- Razmotriti da se povecaju propisane vrijednosti za ITSR

- Definirati uvjet kvalitete za modul stisljivosti sloja-Ra kojem se izvodi reciklaza in plant
preporuka MS min 60 MPa za ceste srednjeg prometnog opteregcenja odnosno 80 MPa

za ceste teskog prometnog op’rerﬁéenjo. <

- Kod recikliranja In situ preporuka je da se obavezno provedu FWD mjerenja |
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Hvala na paznji!
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