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Abstract: Warm Mix Asphalt (WMA) is a technology that
allows significant lowering of the production and pving
temperature of conventional Hot Mix Asphalt (HMA). A
laboratory study was conducted to evaluate two diffrent WMA
technologies — Sasobit and Rediset WMX. The testingpnsisted of
two parts — determination of changes in rheologicgbroperties of
bitumen at intermediate to high temperatures and miture
testing. The properties of bitumen were tested withraditional
EN test methods and with the Dynamic Shear Rheomet€DSR).

A laboratory study was conducted to evaluate tvifeint
WMA technologies — Sasobit and Rediset WMX.

Sasobit is an organic technology that uses waredoice
the viscosity of bitumen above the melting pointtioé wax
therefore improving coating of aggregates and waitita of
the mix. After crystallisation, Sasobit forms atitag structure
that increases the stiffness of the binder whichegithe
mixture stability and increases the resistancesfordhations.

Testing of asphalt was performed for SMA mixture atfour Rediset WMX is a chemical additive that uses a
different temperatures. The compactibility characteistics, combination of cationic surfactants and organicitaddbased
density, stiffness modulus and resistance to permant rheology m odifier. It chemically modifies the hiten and
deformations as a measure of Marshall test and dymaic creep encourages active adhesion that improves coating of

were determined. The results show that it is posdib to reduce
the compaction temperature of 15%C for HMA to 125°C for
WMA.

aggregates by binder. Other components of theiadd@duce
the viscosity of the binder at production tempea®tu

Key words Warm Mix Asphalt, WMA, Viscosity, AIMs AND TASKS OF THE RESEARCH
Temperature, Rheology, Permanent deformations, Stiffess, Aim of the research is to investigate the changdsitimen
Asphalt Ageing

INTRODUCTION

consistency after modification with WMA additivesida to
determine the mechanical properties of asphalt adguction
of compaction temperature and to compare the ptiepeof

) ) WMA with conventional HMA. To achieve this aim, the
The potential temperature reduction ranges of WMA afo|lowing tasks were set:

presented in Figure 1. By reducing the viscositybitimen 1. Investigation of the changes in bitumen consisteatcy

and/or increasing the workability of mixture, WMA intermediate and high temperatures after modificati

technologies have the potential to significantlduee the with WMA additives.

temperature without compromising the performance of 2 petermining necessary adjustments in mixture

asphalt. The existing WMA production technologies doe
categorised in three groups:
1. Foaming technologies

preparation and testing conditions for evaluatidn o
WMA properties and adequate comparison with

HMA.

2. Organic or wax technologies
3. Chemical additives
All of the existing products use at least one oésth
technologies, but there may be combination of tasmell.

3. Determining the mechanical properties of stiffness,
resistance to deformations and compactibility for
asphalt, modified with WMA additives and
comparing the results with conventional HMA.

4. Determining the suitability of different compaction
methods for densification of WMA in laboratory
circumstances.

Ik

S B N W Rk O N 00O
| Fuel/Ton

Latent Heat of Vaporization 4 ” e METHODOLOGY
—— Vaporization
Ha The testing consisted of two parts — at first thepprties of
Cold e | B bitumen were determined with the traditional testtimds.
*'mWé\sphalf Then asphalt mixture was tested at different comipac
n R 00 140 18D temperatures to determine the mechanical properties

Temperature, °C

Bitumen

The response of bitumen to stress is dependentotim b
temperature and loading time and the degree to hnthieir
behaviour is viscous and elastic is a function afthb
temperature and loading time. In order to deterrtfieevisco-
elastic behaviour of bitumen after modification WNVMA

Fig. 1. Classification of asphalt by production parature
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additives the testing was performed with the tiaddl testing ageing in forced draft oven at compaction tempeeatiihis
methods and with the DSR equipment according ttnges simulates the initial strength gain processes wWaaild occur
plan in Figure 2. in actual asphalt storage in the silo and tranggiori of the

mix to paving site. Short term ageing was performed

l* according to AASHTO PP2 [4]. The mechanical effet

asphalt ageing was examined by means of the iridieasile

| | | test for gyratory specimens. It is a measure dfnss of
Original Sasohit Rediset WM asphalt and is proven to be sensitive to stiffreédsnder.

gyratory compactor — was performed in order toldista the

Testing |

simulates field compaction more closely and allotes

] ] l l 1 evaluate the densification parameters of mixturewever
Penetration Softening Kinematic Dynamic Dg*:m there are concerns that it is insensitive to teaipee changes
; e yaen - _ _
pount isGosy TS eter [5]. Compaction was performed according to theofslhg
conditions:

Fig. 2. Experimental plan for bitumen testing
The initial stirring of additives with bitumen wagrformed from each side;
at ~175C. All the binder cans were stirred thoroughly pttim
pouring the sample to ensure the test specimen was
homogeneous.

Testing was performed with test methods accordingN

Compaction at desired temperature with 200 gyratiin

used.

Compaction with two methods — Marshall hammer and

possible advantages of using each of these coropacti
methods for evaluation of WMA. Gyratory compactor

—Marshall (impact) compaction according to EN 12697-
30. Compaction at desired temperature with 50 blows

—Gyratory compaction according to EN 12697-31.

600kN for 1.25%ngle. Moulds of 100mm diameter were

12591 and with Dynamic Shear Rheometer (DSR) adogrd The_‘ mixture testing  was performed  according o
to AASHTO TP5 [1] at temperatures from 200to 30C with experimental plan in Figure 3.
a 10C step, at frequencies within each temperature.@f,0
0.0215, 0.0464, 0.1, 0.215, 0.464, 1, 1.59, 2.165,410 Hz, l Mo compoaiion J
for 25 mmdiameter samples with 1 mm gap between parallel ' L -
( Original ] [ satazs | [ Redswwmorz |
plates, at unaged state. T T
I| Compaction temperature ‘I I‘ Comaction temperature ||
Asphalt | 15I5°c ] ( 13!%: ] 12I5°c II 11I5°c |
N o . ] ) A;aing ] A;&mg | I Ageing I | .
The traditional empirical requirements for bitumilso ENESER N ENE E
mixtures are based on long term knowledge about the I 1 I [T ]
combination of requirements for composition and ponent | Compaction |
materials together with performance-related (e.cardtiall haﬂ'h I
properties) requirements for bituminous mixtures asphalt l it J | S e |
layer. Because WMA is a relatively new technologlye | Testing | Testing |
knowledge of empirical properties for this typeasfphalt is I I I I I T I
significantly smaller than for HMA and applicatiai HMA Denaty | Mashal | Domame | Gufhees [ | Deossy | Prame | Bl
specifications can be misleading in characterisheg asphalt
properties. The differences in WMA temperature and , . .
production technology include modification of bitam and g'g' 3. Experimental plan for asphalt mixture et
aggregate interaction and changes in the bindesistemcy in
short and long term. This may indicate the need for
modification of methodology for performing tests dan COMPOSITIONOF ASPHALTMIXTURES
differences in characterisation and specificatieguirements A composition of Stone Mastic Asphalt with max  jpaet
of WMA. Therefore a part of the testing plan isdetermine size of 11 mm (SMAL11) was designed for the purpafsthis
necessary changes in test conditions, like short sgeing for research (see Table 1).
asphalt mixtures. Mixing was performed according to EN 12697-35. All

According to different research [2; 3] consistermtyanges Mmaterials were prepared by heating them to constersts at
and different properties for binder used in WMA guotion the respective mixing temperature before introdydirem to
may result in different strength gain of the WMAmpared to the mixer. Additives, when used, were stirred wiitumen
HMA in short period of time. Therefore, while theaee no before mixing with other aggregates so that no jerob with
requirements for asphalt ageing for conventional A{M inhomogeneous distribution can occur. The mineralenals
adequate comparison of WMA and HMA may require mix
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were pre-mixed for 1 min before adding the biturserthat a
homogeneous particle distribution was secured.

Although visually no such evidence was found, thmorp
comparison between the results is attributed tonmigeneous
mixing of the additive with the binder or to “sttuce” in the
binder. This suggests that when WMA modified bitaris

TABLE 1
Mix compositions tested, extra care should be given to stirring bitemen
_ P i _ before testing is performed.
Material Ref Sasobit Rediset
Bitumen 40/60 6.5% 6.5% 6.5% TABLE 2
L|me_powder 4.7% 4.7% 4.7% Traditional bitumen test results
Granite 0/2 23.3% 23.3% 23.3% _
Granite 2/5 9.3% 9.3% 9.3% Pen | Soft. | Dyn. | Kin. | F;e”
Granite 5/8 14.0% 14.0% 14.0% 2g°tc point gg% 1"3'35,?6 ”I ex,
Granite 8/11 42.0% 42.0% 42.0% Bitumen P
Fibre 0.2% 0.2% 0.2% type EN | EN | EN EN EN
WMA additive - Sasobit 39 Rediset 1426 | 1427 | 12596 | 12595 | 12591
of bit. | WMX 2% of 1710 | °C Pas [ mrls -
mass bit. mass mm
Ref. 48.0 50.4 440.0 544 .9 -1.2
3% Sas 32.6 78.8 2416.6 4217 3.1
RESULTSAND DISCUSSION- BITUMEN. 595 Sas 333 64.0 11477 2678 0.8
Traditional test methods 2% Red | 37.3| 522 5519 4775 1.
Th_e test results .(Table 2) show the expected teq}deh 1% Red 43.0 514 445 5 507.6 17
consistency reduction at high temperatures andeaser at

intermediate for the wax technology of Sasobit.eXpected,
the degree of viscosity changes depends on the renoduhe
additive in the bitumen. The addition of Rediset WM
however, has only minor effect on the bitumen ctizréstics,
because it is a chemical additive and modifficatéhitumen
viscosity is only one of the properties of this iigld. Other
charateristics involve interaction of bitumen arghregates
and therefore the assesment of these propertiesresdfor
testing of mixture.
The test results for bitumen with 3% of Sasobituttesl

very high variance between the test results (25.8f%efore
the test was repeated, but it still resulted irD2d difference.

RHEOLOGICAL MEASUREMENTSWITH DSR

The DSR is used to measure the rheological prasedf
binder, including complex shear modulus (G*) andagEh
angle ) at intermediate to high temperatures. These
parameters are used to characterise both viscalielastic
behaviour of bitumens, where the two componentdiaked
by the phase angle to the complex modulus. The mp
modulus is a measure of the total resistance oEnatto
deformation when exposed to a sinusoidal sheassstigad.
The graphical illustration of DSR measurement iBigure 4.

However three out of four samples showed a veryh hig

correlation coefficient (0.99-1.00) within one d&oy
viscometer meaning that the tests were performedrately.

Viscous Axis

4 Total Complex

Shear Modulus (G*)

Portion

|

|

) |
Viscous |
|

|

|

|

Phase Angle (3)

P Elastic Axis

Elastic Portion

Fig. 4. Relationship between G* a6d

modified bitumens shows a logarithmical increaseemvh
switching from 2% to 3%.

The illustration also shows the crystallisationgarof wax
which is between 8C and 96C. After this point the additive
creates a shear sensitive binder, where the censistis
dependent both on temperature and the frequenioading.

Chemical additive of Rediset WMX, however, suggéissd
Rediset WMX has almost no effect on this property.

The summary of changes in phase angjer{ comparison
with pure bitumen in Figure 6 shows that binderataming
Sasobit have improved elasticity, but addition ofdRet
WMX, again, shows almost no change at any given

The relative comparison of complex modulus (G¥) fotémperature. The large differencés the 80C and 76C
modified and unmodified binders (Figure 5) show tthafanges for 3% Sasobit are attributed to the proaefss

addition of Sasobit improves the total
deformation after crystallisation of wax. The impement is
larger when low frequencies within the same tenpegaare
applied and the difference becomes smaller withperature

resistanae  crystallisation of wax.

Both of these results explain the increased rexisteto
rutting for Sasobit modified bitumens, which is esially
important for high in-service temperatures (%@ and at

reduction. The relative comparison between two Biaso Shortloading times, that are typical for traffic.
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G* relative to pure bitumen as function of temperatire and frequency

315)
——2% Sasobit
301 3% Sasobit —> Increasing frequency from 0.01 Hz
—— 1% Rediset WMX to 10 Hz within each temperature
2.5 4
° 2% Rediset WMX
'% 2.0
x
Zb 1.5 T Pure bitumen
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Fig. 5. Complex modulus G* for modified bindersatale to pure bitumen
5 Difference in phase angle relative to 40/60 Bitumen
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O
8
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D —
215
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-30 " " . . . . . . :
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Fig. 6. Difference in phase angle of WMA bindergtoe bitumen

RESULTSAND DISCUSSION-ASPHALT

Asphalt ageing

The compactibility data for 200 gyrations allowsakating
the processes of densification through wide rande
compaction force. The densification data as a fancof
number of gyrations and ageing time is presentdeignre 7.
The results show significant changes in densificatiat
different ageing times. The compactibility data Rigure 7
with no ageing show that although the final denistgimilar,
both WMA products reached this level significanthster —
already at 100 gyrations, while HMA continued tampact

80

until 170 gyrations. This is probably due to mazhfions in
binder viscosity from WMA additives. After hardegirfor
two hours, the compaction characteristics level with the
difference that HMA reached final density again 1at0
gyrations while both WMA continued to compact afthis
Point therefore reaching a higher final density.tefffour
hours of ageing, HMA had hardened further while Wkiad
similar characteristics as for two hour ageingnitst be noted
that HMA was aged in higher temperature therefdre t
hardening probably had higher effect than for WMAiat
explains the further hardening of HMA from 2 to duhs.
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Fig. 7. Compaction characteristics for differen¢iag times

The stiffness modulus and number of air voids #edint between all of the WMA specimens and HMA, except
ageing times are presented in Figure 8. The reshitsv an Marshall at 11%C, is minor and the cores can be attributed to
increase of the stiffness with increased ageing tfior all have similar density.
specimens except Sasobit at 4 hours. This is cereidto be

connect_ed with the excessive density and not to tt 2480 Marshall hammer
mechanical properties of the product. cedecced e ____¢.
Results show that the strength gain is differemt\idMA e 2475
products compared to reference HMA. While specimer En ﬁ/
initially have similar stiffness modulus, alreadjea two hour | %2470 i
ageing the stiffness has a variation of 2089 MPavéen |2 /
lowest (Rediset WMX) and highest (Sasobit) of thamed |8 2465 / * HMA
resuIts._This proves that ageing is essential mgaate mix |= 5460 v, —m—Rediset WMX
comparison. (s '|< Sasobit
Based on the analysis of these results all furshenples of 2455 . - \
WMA were compacted after two hour ageing. 105 115 125 135 145 155
Temperature, °C
10000 [ mReference = Sasobit ®Rediset WMX | Fig. 9. Bulk density at different compaction tengiares for Marshall
2.4 specimens
8000
I 2.4 2.6
= 6000 +[_Airvoids | - 1.8 2480 Gyratory compaction .
g | 27 21 " * HMA
= 27 =
_.,m: 4000 2.7 %) 2475 /y/ —B— Rediset WMX
2000 | < 2470 re Sasobit
2
%)
0 A 8 2465 *-»
oh 2h 4h x
Ageing time @ 2460
Fig. 8. Stiffness modulus after different ageinges 2455
105 115 125 135 145 155

Temperature,°C

Density
The results of bulk density (according to EN 12®7r0r Fig. _10. Bulk density for different compaction teengtures for gyratory
. . . specimens
specimens compacted at different temperatures Mitshall

hammer and gyratory compactor are shown in Figusnd The compaction in percent of maximum density fothbo

Figure 10 respectively. ; .
The results between the compaction methods do n\é\{MA products and the control mix at different termrgteres

correlate which is probably due to different commat IS illustrated in Figure 11 and Figure 12. It isilble, that
energies used. The density of the reference HMPE&IC for cpmpactibility for temperatures of 125°C and 135
gyratory specimens was lower than for WMA whilstr fo S|m|(I)ar tohreference rr]mx for bOth QIIVM%.ErOdUCtS' What
Marshall specimens it was higher in all cases. dpéift L15°C, however, has noticeably —different compaction

e . characteristics for both products. The densityhat first part
temperature sensitivity of each compaction methodld: be f ion is signif \v higher than f |
another explanation. However, numerically the défee of compaction is significantly higher than for atlma_ mples

' ' and reaches its final bulk density at about 10Gatigns for
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Sasobit and 70 gyrations for Rediset WMX. It is sidered
that compaction energy of about 70 gyrations siteslahe G .
actual field compaction, meaning that with this pagtion 8000 yratory specimens
effort, higher in-situ density than for HMA woule lachieved. g-
This behaviour could be attributed to the reducadiéning of 56000 ® Reference
binder, because of a lower ageing temperature. S
=}
54000 T — | = Sasobit
e
. %) -
99.0 Sasobit ©2000 = Rediset
2 ——Ref(155C) | = WX
@ ——Sas(135C) Y
8 940 ——sSas(125C 55 o435 125 115
= Sas(115C) ompaction temperature, °
=}
£ |
é 89.0 Fig. 13. Stiffness modulus test results for gynagpecimens
1S
o 840 - 00 Marshall specimens
1 40 : 100 8
Number-of gyrations s
6000
Fig. 11. Compaction characteristics of Sasobiiféarént temperatures % B Reference
4000 — — .
- = Sasobit
Rediset WMX
erly % 2000 —
2 —Ref(155C) == © B Rediset
z ——Red(135C) / £ WMX
3 940 { —Red(1250) » 0
£ Red(115C) 155 135 125 115
= Compaction temperature, °C
'g 89.0
(S / Fig.14. Stiffness modulus test results for Marskp#icimens
o 840 . .
1 100 Permanent deformations

Numbé‘roof gyrations

Fig. 12. Compaction characteristics of Rediset WatXifferent temperatures

Siffness

Resistance to permanent deformations was measuyrebb
methods:
- Marshall test for specimens prepared with
impact compactor according to EN 12697-34 4060
- Dynamic creep test for two types of cores —

The stiffness was measured in accordance with tNe E .o mnnacted with the Marshall hammer and the gyratory
12697-26 at 2. The results of testing are presented in compactor according to EN 12697-25 at temperatfire 0

Figure 13 for gyratory specimens and in Figure b4 f

Marshall cores.
A comparison between stiffness modulus of Marshali
gyratory cores did not show good correlation as dbstrol

40°C for 3600 pulses with a test stress of 100 kPasand
relaxation period of 900 seconds. Preconditionirgs w
performed with stress of 10 kPa and duration of 120
seconds.

mix at 155C had a different relative value in comparison with  The results of Marshall test are presented inerabThe
WMA mixtures. Therefore, the judgement of stiffnes,arshall stability results are a measure of maximioad

modulus against reference mix depends not onlyertyipe of

additive used and the compaction temperature, Isatan the

compaction method and/or the applied compactiocefor
Nonetheless, the results showed that the stiffoéSmsobit

carried out by the specimen before failure. Thepwsha
tendency to decrease with reduced temperature aneraly
are lower than for the control mix at P&5meaning that the
rutting resistance is lower than for the referemie at 155C.

was higher than for Rediset WMX at all compactionyoywever, although the Marshall test is widely usédis

temperatures for both methods. It is also cleart tine
difference between stiffness of both WMA at i35and
125°C is not significant and therefore it can be asslithat
lowering the temperature to at least %25s possible with
maintaining the highest possible stiffness modutusboth
WMA products. A further temperature reduction isisidered
to lower the stiffness of mixture.

82

important to recognise its limitations. Research 6 for
conventional HMA shows that the Marshall test isopo
measure of permanent deformations of asphalt, eslyefor
open graded mixes like SMA where the changes imdyin
consistency or binder and aggregate interaction rasor
effect on the test results. Repeated load tests gmore
realistic results on actual performance of asphalt.
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The Marshall flow can be considered as an opgosit

property to stability. It is the amount of deforioat of the
specimen before failure occurs. The results agdiows
tendency to decrease with lower temperature witeption of

Rediset WMX at 15%. This means less deformation in the

pavement under a critical stability load.

The values of Marshall quotient are calculatedhasratio
of stability to flow and represent an approximatadrthe ratio
of load to deformation under a particular test dtonl.
Therefore it can be used as a measure of matémiasrvice
resistance to shear stresses, permanent defornsattbhence
rutting. The results here show that WMA at 325has
approximately the same value as reference. Therefoom
the Marshall test it can be concluded that both Wptéducts
compacted at 128 in terms of rutting would perform
approximately the same as control HMA compactetbaiC.

TABLE 3
Marshall test results

Temperature’C
Param. Mix

155°C | 135°C | 125°C | 115°C

~[Ref | 930
Stability Foas 8.00| 6.20
Red 790 | 720| 7.40

Ref | 535
Flow  gas 445| 395
Red 505 | 425| 545

~ |Ref | 174
Quotient "o s 179 | 158
Red 157 | 1.69| 136

The dynamic creep test was performed only for tames
that according to all other results were considéoedave the
best ratio of temperature reduction versus perfac@aWMA
at 125°C complied with this demand. The resultspaesented
in Table 4. The results show similar levels of maxin strain
of WMA for both compaction methods, but the resoltghe
reference sample differ by 30%. Therefore, theediffices in
the results are attributed to the different retoompaction
levels and hence — different comparative level iofvaids.
Nonetheless, in general the results are considieredhow a
good resistance to rutting and are similar forsalecimens,
proving that reduction of compaction temperature3BiC for
both WMA products is possible without having anreased
susceptibility to permanent deformations.

Elastic behaviour, which is measured as the regoatter
relaxation period, proportionally showed almostiiieal data
for WMA in comparison to control
compaction methods, meaning that both WMA prodacts
capable to recover after applied stress as goodrasol mix.

mixture for both

2010
Volume 11
TABLE 4
Dynamic creep test results
_ Temp A_ir Strain at| Strain Strain
Mix oc voids, 3600 after recover
% sec, % | relax, % | vy, %
Gyratory sample
Ref 155 2.6 4.71 3.48 1.23
Sas 125 2.3 4.24 3.12 1.13
Red 125 2.4 4.11 2.85 1.26
Marshall sample
Ref 155 2.1 3.28 2.31 0.97
Sas 125 2.5 3.74 2.71 1.03
Red 125 2.3 4.06 2.97 1.09

CONCLUSIONS

1. Addition of Sasobit lowers the viscosity of bitumanhigh
temperatures and increases at intermediate. Aelivice
temperatures Sasobit provides higher resistance
deformations and improved elasticity of bitumen.daidn
of Rediset WMX has minor effect on bitumen propesti

compaction temperatures and use of additives Héatett
effect on WMA and HMA. Therefore asphalt ageing
before carrying out the compaction is essentighrtwvide
adequate test results of WMA. The ageing time <itesl
the initial strength gain that would occur in adttield
conditions.

. Use of both tested WMA products allows a reductidn
the compaction temperature to at least°C2%ith having

a similar density as HMA. Even more — analysis of

gyratory compaction data suggests that less coigpact
force may be required to reach the same densitywaiid
application of further compaction higher densityymze
attained than for HMA.

The analysis of mechanical properties of asphalivsial
that reduction of compaction temperature to attleéas
125°C for both WMA products is possible with
maintaining similar stiffness and without havingreased
susceptibility to permanent deformations.
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Marti n§ Zaumanis, Viktors Haritonovs. Silto asfalta maiumu ipadbu izpete

Tehnolgijas, kas latiski lauj samaziat karsto asfalta majsmu razoSanas un i@8anas temperatu, tiek sauktas par siltajiem asfalta rMjaisiem. Tas rada
dazdas priekSrabas @ar karsto asfaltu, pielam, samazina atma@sés piedrnpojumu, zemdku enegijas patrinu, uzlabo darba ag$tus, padara viegku
ietradajanibu un sal/gjamibu, u.c. Torar, lai pariktu pladu ievieSanu kome#taja raZzo3aa, ir nepiecieSams pigfit, ka WMA nodroSinaadas pa3as vai
labakas asfaltapa3bas un ilgnaZzibu nelkd tradicioralie karstie asfalta majsmi. Lai izanaliztu divas WMA tehnolgijas — Sasobit un Rediset WMX, tika
veikts [Etnieciskais darbs laboratarij TestSana sasveja no divam ddam — bitumena reofgjas noteik3ana pie vijhs idz augstai tempet@i. Bitumena
ipadbas tika testas pie digm dazdam WMA piedevu dozcijam ar tradicioalajam EN testa metagin un ar DSR ieiktu. Maigjuma testSana tika veikta
SMA asfaltam pi€etram dazdam temperatram. Vispirms tika noteiktas nepiecieSasrizmanas tesiSanas proceaas, lai nodroSiatu adekdtu satdzinajumu
ar karsto maigumu. Metiniskoipa3bu testSana tika veikta g divu daZdu sabivéSanas metozu lietoSanas —aojjas un MirSala bivétaja. Tika noteiktas
sabivgjamibas, bivuma, stinguma modaipa3bas un pretegia deformcijam, ka MarSala testa un ciklisis slogoSanas rezats. legitie rezuliti parada, ka
asfalta saliveSanas temperats WMA maigjumiem, saldzinot ar HMA, var samaziih no 155C lidz 13%C, turkt saglalajot metiniskas ipagbas.

Maprunsm 3aymanuc, Bukrope Xapuronose. HccienoBanue cBoiicTB TeMIbIX acalbTOBLIX cMeceii

Témnsié acdamproberonosoie cmecu (WMA) MO3BOISIOT CYIIECTBEHHO CHH3WTH TEMIEPATypy MPOM3BOACTBA M YKIAAKH acdanbra. DTo maér Oonbiame
HPEUMYIIECTBA [0 CPABHEHUIO C TOPSYUMH CMeCSIMHU ac(anbTa - MEHBIINE 3aTPaThl SHETUM, YMEHBIICHUE BPEAHBIX BBIOPOCOB B aTtMmocdepy, yiyalieHble
YCIIOBHI Tpyzna u ynoOoyknagsiBaeMcTH cMecH. OJHAKO Ul IMMPOKOTO MPAKTHYECKOro MPUMEHEHHs] HEOOXOAMMO JI0Ka3aTh, YTO CBOWCTBA M JIOJITOBEYHOCTh
WMA =e ycrymaer TpaauuMOHHBIM ac(anbroberoHaM. VCHBITaHHE BSDKYILETO MPOM3BOAMIOCH COrIacHO TpeGoBanuii EBponeiickux cranmaproB (EN) n
ucnone3ys mpubop DSR. Peonornmueckue cpoiictBa OHTyMa ONpEAENEHbl IPHU CPEIHUX M BBICOKMX OKCIUTyaTal[HOHHBIX TeMrepaTtypax. Teémmsié
ac(anbTOOETOHOBBIC CMECH M3TOTOBJICHBI, HCIIONB3Ysl OUTYMHBIH Moaudukarop Sasobitu axresusnyro no6asky Rediset. [lns uccnenoBanusi MeXaHHIECKHX
cBoiictB Obu1 m3rotoBieH SMA acdaner. O6pasipl YIIOTHINCE, HCIONB3YsT MEeTo4 Mapiiana ¥ pOTAUMOHHBIH YIIOTHUTENb. VI3roTOBICHHBIM 06pasiam
SKCIIEPUMEHTAIBHO OBUIN OINpEEeNeHbl MOIYJIN JXECTKOCTH, YIUIOTHEHHE, IUIOTHOCTh M CONpPOTUBIEHHE 0Opa3oBaHHIO KojeH. [lomydeHHbIe pe3ylbTaThl
TOKA3bIBAIOT, UTO TEMIIEPaTypy ymioTHeHHs cMeceit WMA mo cpasuennio ¢ HMA MoxHO yMmenbmuth ¢ 155°C 10 135°C, coXpaHHB [pH 3TOM MEX8HHYCCKHE
CBOWCTBA.
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