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ABSTRACT: The purpose of this study is mainly to find out the optimum temperature by which the bituminous 
concrete mix temperature is reduced through the warm mix asphalt technology. Warm mixing with additive is 
becoming popular because of mixing at lower temperature which reduces the fuel usage and emission of hazardous 
gases consequently decreases the mixing as well as compaction temperature of mix. Reduction of 20º C to 40º C have 
documented, such reduction have the obvious benefits of cutting fuel consumption and decreasing the production of 
greenhouse gases. Also, there will improvement on performance of pavement. In present study, warm mix design of 
Bituminous Concrete, Rediset-organic additive is used as adhesion with used as a binder viscosity grade-30(VG-30). 
The Optimum Bitumen Content (OBC) using a binder will obtained by the Marshall Test. Then after Optimum dosage 
of Rediset and Temperature are found i.e., the temperature at which Rediset perform effectively. Also, comparative 
study is making to know the stability of Rediset with Binder. The Warm mix with VG-30 satisfied all the Marshall 
Stability test of bituminous mixes and well suited for construction of road with heavily traffic. Also, Laboratory testing 
is carried out to find the physical properties of Aggregate and bitumen test for VG-30 with and without Rediset. 
 
KEYWORDS:Warm mix asphalt (WMA), bituminous concrete (BC), hot mix asphalt (HMA), warm mix asphalt, 
MORTH, Optimum binder content (OBC), Optimum temperature (OT), Viscosity grade (VG), Volume of voids (Vv), 
Bituminous concrete(BC), Warm-mix (WMX) 

I. INTRODUCTION 
 
The area of work of this study covers laboratory study on bitumen, bituminous mixes and bituminous mixes with 
additive. The purpose of this study is mainly concentrated to find out the optimum temperature by which the 
bituminous concrete mixing temperature is reduced through the warm mix asphalt technology. The asphalt industry is 
the great concern existing in the world related to the atmosphere emissions for the greenhouse effect and the energy 
consumption. The current industrial tendency is trying to improve the working systems in order to reduce the emissions 
of harmful components to the atmosphere and the consumption of energy as well. Until recent years the two 
fundamental criteria uses in deciding the best pavement to be uses are economical and technical considerations whereas 
today the environmental impact must also be taken into consideration. In the road sector the main research goal is the 
development of new systems which allow reducing the manufacturing and the application temperatures of the 
bituminous mixes. Bituminous mixes are most commonly use all over the world in pavement construction. Most of the 
highway in India is flexible pavements, within which are included surfacing of various types and thickness. Various 
studies are under taken to improve the strength characteristics of bituminous surfaces by modifying bitumen grades, 
aggregate gradation mix proportion and by adding different additives to the bitumen. It is seen from various literature 
reviews that strength of paving mixes can be enhanced by using modified binders. Such binders also improve 
temperature susceptibility and help eliminating some common Problems like bleeding in peak summer temperature. 
Keeping these facts in minds it was felt that efforts can be made to use some modifier material or bitumen additive. As 
per MORTH - Section 509, bituminous concrete for wearing course should be made with bitumen of viscosity grade-30 
(VG-30) for nominal aggregate size 19mm with bitumen content 5-6% having layer thickness 50-65mm and for 
nominal aggregate size of 19mm with bitumen content 5-7% having layer thickness 30-45mm. Bitumen VG-30 
improves the performance of the binder to minimize the stress cracking that occurs at low temperature and plastic 
operations. The use of Warm mix additive - Redisetin bitumen VG-30 is to reduce the mixing and compaction 
temperature of Bituminous Concrete. The warm mix asphalt (WMA) is an asphalt mixture which is mixed at 
temperature lower than conventional hot mix asphalt (HMA).  
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Fig.1 Classification by Temperature Ranges 

 
In above figure 1 energy consumption of asphalt in various temperature range. Cold Asphalt not have temperature, Half 
Warm Asphalt have temperature increase gradually within 00 to 1000 C in drying state, Warm Asphalt have temperature 
1000 to 1500 C in vaporization and Hot Asphalt have temperature within 1500 to 2000 in heating state.    

II.  STUDY METHODOLOGY 
 

In this study bituminous concrete for pavement is designed for the 20mm nominal size aggregate. The bitumen of VG-
30 grade used as binder and aggregates are crushed aggregate from quarry. At the first the laboratory testing is carried 
out to find the physical properties of aggregate by conducting tests like Aggregate Impact value , Abrasion Test, 
Crushing value test, Flakiness and elongation Index (combined), Water absorption, Specific Gravity, Grain size 
analysis etc. As per MORTH section 500 clause 509 the gradation of 20mm size aggregate is decided. Same for the 
tests of bitumen of VG-30 grade with and without rediset including penetration test, specific gravity, softening test, 
elastic Recovery Test, Viscosity etc. which satisfy the requirement of IS:73-2013 “ SPECIFICATION OF 
BITUMEN”.On the second part of the study samples for Marshall Mix design are prepared and the optimum binder 
content for BC using bitumen of VG-30 can be determined. After this the sample at temperature 110°C , 120°C and 
130°C with different doses of Rediset-WMX. Based on these samples the optimum temperature and optimum doses of 
rediset can be determined for binder.  
Thefig.2 shows the methodology chart : 

 
Fig. 2 Study Methodology 

 
In above figure 2 have flow chart of methodology and indication of problem identification. The objective of the 
methodology need and scope of study and laboratory test have different material test i.e. bitumen, aggregate and 
Marshall Test(OBC, OT and OD) 

III. LITERATURE REVIEW 
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3.1 Materials 
3.1.1. Rediset-WMX 
 In this study, REDISET-WMX which is a chemical technology but organic material in the form of pellet and 
does not contain water is used. REDISET-WMX is the combination of cationic surfactants and organic additive based 
rheology modifier. It chemically modifies the bitumen and encourages active adhesion that improves the wetting of 
aggregates by binder. Other components of the additive reduce the viscosity of the binder at production temperature.  
 

 
 

Fig. 3 photograph of Rediset-WMX 
 

The producer of Rediset-WMX is AkzoNobel India Ltd. claims that by using Rediset-WMX the wetting ability of 
asphalt binder can be improve for better coating with aggregates, and this also reduce the viscosity and make the binder 
lubricating for better coating easy compaction. By addition of 1.5-2.0% by weight of bitumen, it allows 15°-30° C 
production temperature reduction compared to HMA. From the different technologies of the WMA we are using the 
Rediset- WMX, as the rediset is effortlessly available in our state easily and it is economically adopted for the design of 
the pavement. 
3.1.2. Aggregates 
 The aggregates used in this design of BC are 6mm and 20mm nominal size aggregates. They are graded as 
per MORTH section 500 clause 509 which satisfy the requirement for design of BC. The aggregates are clean, cubic 
shape and rough texture to resist fracture of pavement under heavy traffic loads.   
 The aggregates taken should passed 20mm sieve and retained on 75 micron IS sieve should be taken into the 
consideration while design the BC.  
3.1.3. Bitumen 

The bitumen used for the mix is of the viscosity grade-30 (VG-30). This VG-30 grade binder is used for the 
construction of heavy duty flexible pavement. These heavy duty flexible pavements are constructed for the tolerance of 
extensive traffic loads. The VG-30 can also be used in substitution for 60-70 penetration grades.  

 
3.2 Additional technology of wma& their different products 

 
After the first evolution of warm mix asphalt technology in 1959 by Prof.LadisCsanyi at Iowa State University, till now 
there are many technologies have come on rise. The additional technologies available for the pavement construction are 
divided in to three categories which are listed below. 

1. Use of Chemical Technologies 
2. Use of Foaming Technologies 
3. Use of Organic(Wax) Additives 

 
 
 
 
 
 
 

 
Table 1 Various Additives of Different Technologies 
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PRODUCT  COMPANY DESCRIPTION 
REPORTS 

FORM 
COUNTRIES  

ADDITIVE  

PRODUCTION 
TEMPERATURE 

(REDUCTION 
RANGE) 

 Foaming technology 

Double 
Barrel Green ASTEC  Water based 

foaming process U.S. 

By choice, 
Anti-

stripping 
agent  

116° TO 135° C 

Low energy 
asphalt LEACO 

water based hot 
coarse aggregate 
mixed with wet 

sand  

U.S., France, 
Spain 

±0.5% of 
bitumen 
coating 

adhesion 

≤ 100° C & 105° to 
124°C 

Chemical technology 

Evotherm 3G Mead-
Westvaco 

Water free 
chemical package U.S. Not 

Specified 85° to 115°C 

Rediset 
WMX Akzo– Nobel 

cationic 
surfactants and 
organic additive 

U.S. 
1.5-2% of 
bitumen 
weight 

<=126° C 

Organic Technology 

Sasobit Sasol Fischer-Tropsch 
wax 

U.S, EU, 
worldwide 

1.0-3.0% of 
bitumen  

 
130° to 150° C 

Asphaltan A 
Romonta N 

Romonta 
GmbH 

Montan wax for 
mastic asphalt Germany 

1.5-2.0% of 
bitumen 
weight 

Reduction up to 
20°C 

 
The various additives of different technologies are listed above in the Table along with their specific temperature 

reduction.Different technology applied i.e. foaming technology, chemical technology and organic technology have 
different properties. 

 
3.3 Previous studies on warm mix asphalt technology 

Hurley and Prowell, 2005 evaluated three different WMA additives: Aspha-Min® (synthetic zeolite), Sasobit® (wax) 
and Evotherm™ (emulsion) and concluded that all three technologies improved the asphalt mixture compatibility and 
resulted in reduction of air voids as compared to HMA. They stated that the addition of Aspha-min lowered the air 
voids in WMA measured in the rotating compactor. This can also improve the compatibility of both the rotating 
compactor and a vibratory compactor. Arithmetical analyses of test results indicated an average reduction in air voids 
of 0.65% using the vibratory compactor. Aspha-min did not have any significant effect on the resilient modulus of 
asphalt mixtures. 
Dr. Sunil Bose, Mrs. AmbikaBehl, Mr. M.N.Nagabhushna, Mr. Gajendra Kumar, Mr. Girish Sharma, Mrs. R. 
Uma Devi- Laboratory Evaluation of Evotherm Additive in Warm Mixes (2011) carried out study on use of 
evotherm Additives to design Warm mix design of Bituminous concrete with 13 mm nominal size of aggregate by 
adding 0.5% by weight of binder (60/70 Grade).The Marshall sample prepared at 95-100°C, 105-110°C, 115-120°C 
and 125-130°C temperature gives the OBC 5.7%. The performance Evaluation tests also carried out at each of above 
temperature such as Retained Stability, Indirect Tensile Strength and Tensile Strength Ratio, Hamburg Wheel Tracking 
Rutting test to obtain Temperature at which the Warm mix satisfactorily gives its performance. The Retained stability 
for Control mix is 82.5% and 85.15%, 79.33%, 78.4% and 77.27% respectively for above temperature which is higher 
than required 75% as per MORTH section 500 clause 509. Tensile Strength Ratio for Control mix is 85.2% and 86.3%, 
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85.2%, 83.8% and 77.8% respectively in which the Tensile Strength Ratio at temperature 95-100°C is lower than 
required 80% as per MORTH section 500 clauses 509. Rutting test indicate that the rutting at 125-130°C temperature is 
1.8 times lesser than the Control mix. At the end of Research they concluded that the There is no saving in OBC using 
Evotherm as additive. 
MUNSHI RAMIZRAJA, from SVNIT, Surat (2011) conducted a study on warm mixed design on bitumen concrete 
using modified binders. In this study he was carried out polymer modified binder (PMB) and crumb rubber modified 
binder (CRMB) used as a modified binder.  The grade of this modified binder is PMB 40 and CRMB 60 used. In this 
study, he used 2% Rediset WMX with this modified binders. The reduction of 30°to 40°C has been documented in 
mixing and compaction temperature of bituminous mixes by adding 2% additive and fulfilled all volumetric 
requirement for both binders resulting in better performance at lower temperature of bituminous mixes. Bituminous 
mixes are less vulnerable to entrance of water or moisture damage than conventional mixes because of increasing in 
retained stability and tensile strength ratio of warm mix using both binders. Under static loads the permanent 
deformation of warm mix is lower than the control mix and have higher rate of recovery at higher temperature 
indicating better resistance to permanent deformation. Warm Bituminous mix with Polymer as well as Crumb rubber 
modified bitumen having higher fatigue life than conventional mix due to higher initial stiffness which indicate higher 
resistance to fatigue failure which occur at lower temperature. Warm Bituminous mix with Polymer modified bitumen 
exposed to lesser rutting than conventional mix which entitles the higher resistance to the deformation under wheel 
path. 

IV. LABORATORY TESTS 
 

 The warm mix design of the bituminous concrete starts with the laboratory tests originated by finding the 
physical properties of aggregate and bitumen which must satisfied the requirement of MORTH specification and 
relevant IS  codes. Subsequently this determination of physical properties the Marshall Stability test for the 
determination of OBC as well as optimum temperature and optimum doses of the Rediset for making the BC is carried 
out. At last the testing for certain engineering properties of controlled along with warm mix using binder of VG-30 can 
be carried out for checking the specification. 

4.1 Aggregate testing 

Aggregates used in this study of designing the BC is crushed aggregate collected from the quarry. Before using the 
aggregate in design of bituminous mix it has been tested for their physical properties consist of Hardness, Toughness, 
Cleanliness, Particle shape, Water absorption, Stripping etc. These test should be performed as per procedure revealed 
in the applicable IS codes. The tests performed on the aggregate in the laboratory are as follows: 

1. Grain size analysis, IS: 2386 (Part 1)-1963 
2. Impact value test, IS: 2386 (Part 4)-1963  
3. Shape test, IS: 2386 (Part 1)-1963 
4. Abrasion test IS: 2386 (Part 4)-1963 
5. Water absorption and Specific Gravity test, IS: 2386 (Part 3)-1963 

4.2 Bitumen tests 

Bitumen used in the warm as well as control design of BC is VG-30. Bitumen is used to bind the material together. 
Before use of bitumen in design mix it has been tested for their physical properties. All these test should be 
performed as per procedure in relevant IS codes. The tests to be performed are enlisted as follows: 

1. Penetration test, IS: 1203-1978 
2. Softening Point test, IS: 1205-1978 
3. Ductility test, IS: 1208-1978 
4. Viscosity test, IS: 1206-1978 
5. Specific Gravity test, IS: 1202-1978 
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4.3 Marshall stability test 

 The Marshall Stability and flow test provides the performance and prediction measure for the marshall mix 
design method. The stability portion of the test measures the maximum load supported by the test specimen at a loading 
rate of 50.8 mm/minute. Load is applied to the specimen till failure, and the maximum load is designed as stability. 
During the loading, an attached dial gauge measures the specimen’s plastic flow (deformation) due to loading. The 
flow value is recorded in 0.25mm (0.01 inch) increments at the same time when the maximum load is recorded. The 
properties incorporated with the test are stability, flow value, bulk specific gravity, air voids, voids filled with bitumen, 
voids in mineral aggregates. The marshall test also gives the final blend of the materials to be used. The Marshall 
Stability Test gives the following: 

1. Optimum Binder Content 
2. Optimum Dose of Rediset-WMX 
3. Optimum Temperature 

 
4.1.1. Sample Preparation Schedule 

For warm mix design of BC mixes it has to prepare samples for Marshall Mix design and performance 
evaluation tests.  

Table 2 Sample Preparation Schedule 
SR NO. TYPES OF TESTS NO. OF SAMPLE 

1 Marshall test for OBC 9 
2 Marshall test for Optimum dose of Rediset-WMX and OT 27 

 
The abovetable describes the sample prepared for Marshall Stability test.Marshall Stability Method is used in pavement 
design to determine the Optimum Binder Content (OBC) in bitumen pavement.Rediset WMX Rediset WMX is a 
combination of cationic surfactants and organic additive based rheology modifier. 

V. ANALYSIS OF TESTS RESULTS 

Laboratory test results has been evaluated to predict the behaviour of warm mix  as well as control mix and to 
investigate the use of Rediset in bituminous mixes has superior over control mix. Analysis of tests results start from the 
analysis of aggregate and bitumen test results, which satisfied all the recommendation of MORTH section 500 clause 
509.Secondly, a volumetric property of Marshall Mix design has been analysed. Also, results of optimum temperature 
and optimum dose of Rediset has been analysed while comparing with stability, bulk density and air voids.  

5.1 AGGREGATE TESTS 

Aggregate used in the study has been tested as per the procedure given in relevant IS codes. All these tests should 
satisfy the requirement given in MORTH section 500 clause 509 Table 500-17. Test results of aggregate shown in 
Table below. 
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Table 3 Analysis of aggregate tests results 
Aggregate tests  

Sr. 
No. Test Result Recommended Value as per MORTH 

1 Grain size analysis 2.11% Max 5% passing 0.075 mm IS Sieve 

2 Impact Value Test 15.87% 24% MAX 

3 Abrasion Test 14.83% 30% MAX 

4 Shape Test 28.25% 30% MAX (combined) 

5 Water Absorption Test  

1.67 % (20 mm) 

2% MAX 1.26 % (6 mm) 

1.63 % (Stone Dust) 

6 Specific Gravity 

2.16 (20 mm) 

--- 1.78 (6 mm) 

1.27 (Stone Dust) 

 
From above Table 3 it should clearly see that aggregate used in the study satisfied the entire requirement which indicate that the 
aggregate having all the required physical properties. Therefore, study has been continued further along with this aggregate. 

5.2 Bitumen tests 

Bitumen used in the study is VG-30 which has been tested as per procedure given in relevant IS codes. All the tests must satisfy the 
requirement of physical properties of Binders as per IS: 73-2013.  
 

Table 4 Analysis of bitumen tests results 
Bitumen test  

Sr. 
No Test VG 

30 
VG 30 + 1.5 % 
Rediset-WMX 

VG 30 + 2.0 % 
Rediset-WMX 

VG 30 + 2.5 % 
Rediset-WMX 

Recommendation as 
per IS 73:2013 

1 
Penetration 

Test at  25°C, 
0.1 mm, 5 sec 

64.5 66.6 65.7 68.6 50-70 

2 
Softening 

Point Test at , 
°C, Min 

56.2 54.3 53.1 52.6 47 

3 Ductility 
Test, 25°C 70+ 70+ 70+ 70+ 40 

4 
Viscosity 

Test, 60°C, 
Poise,Min. 

2485 2468 2440 2427 2400-3600 

5 Specific 
Gravity Test 1.09 1.06 1.13 1.01 ---- 
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The test results of binder used in the study shown in Table below. A test result of binder clearly shows that they 
satisfied all the requirement of binder for with and without Rediset. The testing results of plain bitumen show 
significant values which fulfil the requirements of relevant IS limits, hence the bitumen is appropriate to use for the 
Marshall mix design of bituminous concrete.   

5.3 Gradation of aggregate 

Table 5 Gradation of Aggregate Used 
Gradation 

Sieve Size(mm) 
19 

mm 6mm Stone 
Dust Lime Blend 

Upper 
limit 

Lower 
limit 45% 26% 26% 3% 100% 

19 100 100 100 100 100 100 79 
13.2 41 100 100 100 73 79 59 
9.5 1 97 100 100 55 72 52 

4.75 0 45 91 100 38 55 35 
2.36 0 4 90 100 28 44 28 
1.18 0 0 66 100 20 34 20 
0.6 0 0 59 100 18 27 15 
0.3 0 0 32 99 12 20 10 

0.15 0 0 20 91 8 13 5 
0.075 0 0 2 65 3 8 2 

The final blend for gradation aggregate used in the study shown in Table above along with the MORTH recommended 
values. The sieve analysis test of the material is carried out for the aggregates to be tested for their physical properties 
and grading of aggregate is to be determining for mix design which must satisfied the MORTH requirement for 
20mmnominal size of aggregate. 

 
Fig. 4 Grading of aggregate 

The graph plotted also shown below in fig. 4. From the above table it is clearly seen that final gradation within upper 
and lower limit of 20mm nominal size aggregate. Now, the entire sample should be prepared by adopting this gradation 
of aggregate. 
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5.4 Marshall mix design 

Marshall Mix design for BC mixes using warm mix technology includes the determination of OBC and then OT and as 
well as optimum dose of Rediset-WMX for bitumen. 
5.4.1. Optimum binder content  
The optimum binder content of BC can be determined by performing Marshall Test on sample prepared at various 
binder content.  

Table 6Volumetric properties of BC mix using VG-30 
SR. 
NO. 

 Bitumen 
(%) 

Stability 
(KG) 

Flow value 
(mm) 

Bulk density 
(gm/cc) 

Vv 
(%) 

VFB 
(%) 

VMA 
(%) 

1 5 1616 3.37 2.35 4.69 69.9 15.57 

2 5.5 1754 4.1 2.36 3.36 78.11 15.29 

3 6 1733 5.23 2.34 3.21 75 16.07 
From the above data recorded, above table are shown it has been clearly seen that design mix satisfied the all 
volumetric requirement of BC as per MORTH section 500, clause 509. The results of Marshall Stability test for OBC. 

 
Fig. 5 Bulk density Vs. % bitumen                                             Fig. 6 Air voids Vs. % bitumen 

 
           Fig. 7 Stability Vs. % bitumen    Fig. 8 Flow Value Vs. % bitumen 
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Fig. 9 Voids filled with bitumen Vs. % bitumen 

 
Based on the properties of mixes the graph has been plotted shown in fig. 5, 6, 7, 8, and 9. The optimum binder content 
can be determined by taking average of these values (min 3 values). The following Table shows the average optimum 
binder content of the mix. 

Table7Average OBC OF BC MIX USING VG-30 

Sr. No. Description Bitumen 

1 Bitumen content corresponding to maximum stability 5.5 

2 Bitumen content corresponding to maximum bulk density 5.5 

3 Bitumen content corresponding to air voids (Vv) in total mix 5.3 

Average 5.43 

In the above table the average of OBC of BC mix using VG-30 are calculated of bitumen content of maximum stability, 
bulk density and total mix pf air void. In this study the maximum stability of the mix is achieved when the bitumen 
used is VG 40. 2. At theOBC the voids filled with bitumen is more in the VG 30 Bitumen mix. 

5.4.2. OPTIMUM TEMPERATURE AND OPTIMUM DOSE OF BITUMEN 

Test results of BC using VG-30 by addition of 1.5, 2 and 2.5% Rediset at a temperature 110°C, 120°C, and 
130°C along with their volumetric properties has shown in Table below. 

Table 8Volumetric properties of BC mix using VG-30+1.5% Rediset-WMX 
SR. 
NO. 

Temperature 
(°C) 

Stability 
(KG) 

Flow value 
(mm) 

Bulk density 
(gm/cc) 

Vv 
(%) 

VFB 
(%) 

VMA 
(%) 

1 110 883 3.6 2.30 5.7 67.17 17.36 
2 120 1056 4.7 2.34 4.16 73.59 16 
3 130 991 4.7 2.32 4.93 70.47 16.68 
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Table9 Volumetric properties of BC mix using VG-30+2.0% Rediset-WMX 
SR. 
NO. 

Temperature 
(°C) 

Stability 
(KG) Flow value (mm) Bulk 

density(gm/cc) 
Vv 
(%) 

VFB 
(%) 

VMA 
(%) 

1 110 1124 4.1 2.31 5.5 68.06 17.2 
2 120 1656 3.6 2.33 4.45 72.7 16.25 
3 130 1487 3.9 2.32 5.21 69.31 16.96 

Table10 Volumetric properties of BC mix using VG-30+2.5% Rediset-WMX 
SR. 
NO. 

Temperature 
(°C) 

Stability 
(KG) 

Flow value 
(mm) 

Bulk 
density(gm/cc) 

Vv 
(%) 

VFB 
(%) 

VMA 
(%) 

1 110 1067 3.8 2.3 5.44 63.16 17.09 
2 120 1272 4.8 2.33 4.63 71.79 16.42 
3 130 1146 3.6 2.32 4.75 71.24 16.52 

Based on the value obtained after Marshall Test for OT and OD, the graphs have been plotted according to the 
corresponding values to the temperature. The graphs plotted have been shown below in fig.10, 11 and 12 respectively. 

 
 Fig. 10 Bulk density Vs. Temperature   Fig. 11 Stability Vs. Temperature 
 

 
 

Fig. 12  Air voids Vs. Temperature 
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From the above fig. it is clearly seen that 2% dose of the Rediset-WMX gives higer bulkdensity and stability than other 
two doses at the temperature of 120°C and the % of air voids are also low in the 2 % dose at 120°C temperature. Hence 
from the above graphs the optimum dose of Rediset-WMX is taken as 2% and the optimum temperature is taken as 
120°C. Addition of 1.5% rediset reduces the stability at that temperature. The addition of 1.5% Rediset causes 
reduction in stability which obviously lower than the MoRTH requirement except at 120°C temperature. Similarly the 
addition of 2.5% rediset reduces the VFB at 110°C temperature which is slightly lower than MORTH requirement. 

VI. COST ANALYSIS  
 

Warm mix technology of bituminous mix using VG-30 as binder and Rediset-WMX as additive gives the satisfactory 
performance as per the laboratory test analysis. In the actual world it has been noted that the price or cost of making or 
manufacturing the same take us away to use the method of manufacturing. So it necessary performs cost analysis of this 
technology in order to accept the technology in the actual world or field. In India the method of making the same does 
not give preference but the cost of making the same take more preference. In this case study the attempt has been made 
to analyze the cost in terms of fuel saving and addition of 2% rediset in bituminous mixes, because as per most of the 
research papers there would be 20% saving in the fuel by using this technology.  
 

Table8 Price of Different Materials 
Sr. No. Materials Price 

1 Light Diesel Oil 77.92/litre (HPCL Price) 

2 Rediset-WMX 150/KG 

The following Table shows the price of different material used in preparation of BC.fuel oil is any liquid fuel that is 
burned in a furnace or boiler for the generation of heat or used in an engine for the generation of power, except oils 
having a flash point of approximately 42 °C (108 °F) and oils burned in cotton or wool-wick burners. In this 
sense, diesel is a type of fuel oil. 

6.1 CALCULATION 

Calculation has been carried out to prepare control bituminous mixes using warm mix technology for 1 m3 at hot mix 
plant. 

1. Addition of 2% Rediset-WMX by weight of binder 
2. Density of mix = 2330 Kg/ cum 
3. Volume of mix = 1 cum. 
4. Weight of mix required = 2330 Kg 
5. Optimum binder content= 5.43 % 
6. Bitumen required for prepared bituminous mix @ OBC 5.43 % = 126.519 Kg 
7. Addition of 2% rediset by weight of bitumen per m3 = 2.53 kg 
8. Addition of cost of Rediset-WMX to prepared mix @ 150/Kg per m3 = 380 Rs. 

6.1.1. SAVING IN FUEL CONSUMPTION 
1. LDO required to prepared control bituminous mix at 160°C temperature per Cum. = 19.8 liter 
2. LDO required to prepared Warm bituminous mix at 120°C temperature per Cum. = 14.4 liter 
3. Saving in LDO to prepare bituminous mix using warm mix technology at 120°C temperature per cum= 4.8 liter. 
4. Saving in cost of LDO to prepared warm bituminous mix at 120°C temperature  @ 77.92 Rs. / Liter per Cum. = 

374.017 Rs / cum.  

6.1.2. FINAL COST ANALYSIS 
1. Additional cost required to prepare bituminous mix using warm mix technology  at 120°C and adding 2% 

rediset-WMX temperature  per Cum = 380-374.017  = 5.99 ≅ 6 Rs. 
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2. Based on the above cost analysis it has been clearly seen that 1.574 % increase in cost of preparing warm 
bituminous mixes than control mix at hot mix plant. 

3. Obviously there has been 27.27 % reduction in fuel consumption by preparing warm mix than control mix. 
Overall, preparation of warm bituminous mix required additional cost of 6 Rs. / cum. which is been affordable 
as the performance is improved than control mix may increase the maintenance period of pavement with BC. 

VII. CONCLUSION AND FURTHER WORK 

7.1 Conclusion 

1. There has been 30° to 40° C reduction in the mixing and compaction temperature of bituminous mixes by 
adding 2% additive and satisfied all volumetric requirement for both binders resulting in better performance of 
bituminous mixes at lower temperature. 

2. The primary advantages of the warm mix asphalt are: 
3. Reduce energy consumption 
4. Reduce emissions 
5. Reduce viscosity at working temperature 
6. The emissions reduction is an important advantage but how beneficial it really is in practice for asphalt 

producers and buyers is entirely reliant on environmental consciousness and guidelines in each country. Within 
each country, reduced emissions are especially advantageous for paving projects in heavily inhabited areas and 
for non-open air paving. 

7. The decreased viscosity of warm mixes is another important benefit. It makes handling of the mix easier and 
allows effective compaction at lower temperatures where cool down rates are not as rapid. 

8. The overall results are better and positive than the conventional technology used.  
9. This technology also helps to reduce the environment degradation by emission of toxic gases and fume 

generation.  
10. While doing the laboratory tests the temperature reduction of about 40°C has been observed. The results of 

Marshall Stability test for determination of OT suggests that the most suitable temperature is about 120°C.  
11. The various volumetric properties are also satisfied at this particular temperature of about 120°C. 
12. The result of Marshall properties for both bituminous mixes with or without using Rediset-WMX satisfy all 

volumetric properties hence this technology can be adequate for bituminous concrete production.  
13. From the above points it has been verifies that warm mix asphalt production using addition of Rediset-WMX is 

better than the conventional technology used for the preparation of bituminous mix.  
14. By using warm mix technology the fuel required for the preparation of mix can be reduced. 
15. In the hot mix plant the fumes has been observed while mixing the aggregate and bitumen mixture together 

while using warm mix asphalt there is no such fumes has been observed. 

7.2 FURTHER WORK 

1. The present case study can be treated as the base for the further new investigations in similar research fields. 
2. It can be act as a supporting reference work for other studies in warm mix sector. 
3. As per the limitation, the scope is restricted only to the laboratory evaluation of warm mix asphalt technology 

by the additives. Hence the performance evaluation tests can be carried out in future work. 
4. Performance of this design can be evaluated by conducting various tests on control and warm mix samples. 
5. The performance evaluations tests like Fatigue test, Indirect Tensile Test, Creep test, rutting test, moisture 

susceptibility, thermal cracking properties, dynamic modulus, high temperature IDT strength, etc. have to be 
carried out for future investigation. 

6. The economic parameters such as cost effectiveness in maintenance and fuel saving should be evaluated in 
further studies. 

7. The field implementation of this technology should be carried out in the further work. 
8. This study can also be utilized for other additives of different warm mix asphalt technology. 
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