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Aggregate Size Test Standard Method Result
Specific Gravity (g/cm?) ASTM D127 2.51
Coarse Aggregate Fractured Particles (%) ASTM-D5821 93
Los Angeles Abrasion Value (%) ASTM C535 14
Specific Gravity (g/cm?) ASTM D128 2.67
Fine Aggregate Fractured Particles (%) ASTM C1252 52
Sand Equivalent (%) ASTM D2419 67

Table 1. Physical properties of the aggregates used

oslaiuwl 390 e /Ve J:'; Slasin Y JJJ\’.'

Test Standard Method Result
Penetration (0.1 mm) ASTM D5 65
Softening Point (C°) ASTM D36 53

Specific Gravity (g/cm®) ASTM D70 1.02
Ductility (cm) ASTM D113 164
Flash Point (C°) ASTM D92 316

Table 2. Properties of the 60/70 asphalt binder

(CSS'lﬂ)a:Lﬂﬂﬂ‘:)yJ):.J}a‘j;QLm Yy JJ.\?

Test Standard Method Result
Sybolt-Furol Viscosity at 25°C, s ASTM D88 32
Retained on Sieve ASTM D6933 0.005
Particle Charge ASTM D7402 Cationic
Storage Stability ASTM D6930 0.6

Tests on residue after distillation
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Residue by Distillation % ASTM D6997 60
Oil from Distillation % ASTM D6997 4
Penetration, 0.1 mm @25°C ASTM D5 109
Ductility, Cm, @25°C ASTM D113 >100
Solubility in TCE wt.% ASTM D2042 99.89

Table 3. Properties of the CSS-1 bitumen emulsion
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Test Standard Method Result

Penetration (0.1 mm) ASTM D5 14.3

Softening Point (C°) ASTM D36 71.8

Total Binder Content of the RAP Material (%) ASTM D2172 5.3
Binder Content of Fine RAP Material (%) ASTM D2172 6.25
Binder Content of Coarse RAP Material (%) ASTM D2172 2.6

Table 4. Properties of the asphalt binder of the RAP after extraction
bl (26 g 8 4o)3 BCo LM &y Y1

s sal 3 e A5 OEC
(IA) O send 5ol 3 Asys BE
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Optimum Optimum
Sample - Binder
Emulsion Content
Content
HWMA-RO 10.5% 6.3%
HWMA-R70 5% 5.8%
HWMA-R100 2.5% 5.6%

Table 5. Optimum binder content of H-WMA mix

ELFIPIVOIORRP RNt ARCH WP W PRPS

Sample Description
HMA Control Hot Mix Asphalt
Control Half-Warm Mix Asphalt
HWMA-RO With 0% RAP
- i i 0,
HWMA-R70 Half-Warm Mix Asphalt With 70%
RAP
Half-Warm Mix Asphalt With
HWMA-R100 100% RAP

Table 6. Nomination and abbreviations of samples
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Fig. 1. Preparation processes of the SCB samples
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Fig. 2. Results of total binder content of mixes containing different amounts of RAP
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(KN/mm) JLi b cwns = MQ

(kKN) JLs e cwlazal = Marshall Stability

(mm) JLi,L iy, = Marshall Flow
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Abstract

Half warm mix asphalt (H-WMA) is one of the alternatives to conventional asphalt due to its special
production conditions. Half warm mix asphalt (H-WMA) manufactured with high proportions of
reclaimed asphalt pavement (RAP). Half warm mix asphalt (H-WMA) are produced and compacted at
the temperature range of 60-100 ° C, which requires less temperature for production process of hot
mix asphalt (HMA) for example cold mix asphalt (CMA) manufactured at a temperature lower than
60 ° C; (ii) half warm mix asphalt (H-WMA) manufactured at less than 100 ° C, normally at 60-100 °
C; (iii) warm mix asphalt (WMA) manufactured at temperatures of 100-140 ° C. The aim of this study
is to investigate the effects of high percentages of reclaimed asphalt pavement (RAP) on the
volumetric and mechanical properties of Half warm mix asphalt (H-WMA) mixtures. In this research,
bitumen emulsion (CSS-1) and conventional bitumen 60/70 were used. The siliceous aggregates were
obtained from a mine near Tehran and reclaimed asphalt pavement (RAP) were obtained from an
asphalt plant and its granulation before and after extraction was done according to report number 234.
Generally speaking, in H-WMA, aggregates are heated to temperatures of 100-110 ° C and then
mixed with emulsion, which has previously been heated to 60-80 ° C and RAP are heated to 90-100 °
C. To determine the most suitable mixing time in the tests, the coating was visually analyzed after
mixing times of 1 and 2 min and the mixing temperature was 95-85 ° C. Thus, a laboratory analysis
was carried out in which the behavior of half warm mix asphalt (H-WMA) manufactured with 100%,
70% and 0% reclaimed asphalt pavement (RAP) was compared with that of a control mix, Hot mix
asphalt (HMA). Optimum bitumen content for hot asphalt mixture (HMA) and optimum bitumen
emulsion content for half warm mix asphalt (H-WMA) were calculated. Then indirect tensile tests
(IDT) (at 25° C), moisture damage (TSR) and Semi-Circular Bending (SCB) Tests (at 25° C and -20°
C) were performed on half warm mix asphalt (H-WMA) and hot mix asphalt (HWA). indirect tensile
tests (IDT) vyielded acceptable results, the IDT resistance increased with increasing the reclaimed
asphalt pavement (RAP) content. Following this, the moisture damage (TSR) of half warm mix
asphalt (H-WMA\) improves by increasing the reclaimed asphalt pavement (RAP) content, which can
be due to the complete covering of the surface of the aggregates with aged bitumen and the high
adhesion force between the aged bitumen and the aggregates and the lack of moisture penetration into
the aggregates. emulsified bitumen exhibited proper volumetric (e.g., air voids and density) and
mechanical behavior in terms of moisture damage and IDT. On the other hand, the results of SCB
tests at medium and low temperatures showed that by increasing the RAP content the samples become
brittle, which means that resistance to crack propagation reduced, and it may be the reason for fracture
energy reduction. These findings encourage greater confidence in promoting the use of these
sustainable asphalt mixes for their use in road pavements or urban streets.

Keywords: Half-Warm Mix Asphalt (H-WMA), Recycled Asphalt Pavement (RAP), Bitumen
Emulsion, Indirect Tensile Test (IDT), Moisture Damage, Semi Circular Bending (SCB) Tests
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