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Abstract: This research investigates the similarities between Marshall Stability and Indirect Tensile Strength (ITS) values for 
Dense Bituminous Macadam (DBM) Grade 2 mixes using VG-30, VG-40, and CRMB-55 grade binders, incorporating varying 
proportions of Recycled Asphalt Pavement (RAP). Virgin and modified mixes were prepared with RAP content ranging from 
25% to 35% and bitumen content from 4.5% to 4.95 % .Marshall properties which includes stability, air voids, density, voids in 
mineral aggregate (VMA), and flow values were determined  to establish  optimal binder and RAP proportions for durable and 
sustainable pavements. For virgin mixes, VG-30,VG-40 and CRMB-55 grade  binders exhibited optimal performance at 4.65% 
bitumen, achieving maximum stability values of 12.83 kN ,14.69 kN and 14.95kN  respectively. Modified mixes with 25% RAP 
showed peak stability values of 14.40 kN, 14.90 kN, and 14.69 kN for VG-30, VG-40, and CRMB-55 binders, respectively, at 
optimal bitumen contents. Air voids minimized to below 4.34%, ensuring compactness, while flow values remained within 
permissible limits. 
At 30% RAP, VG-40 and CRMB-55 binders delivered superior performance with stability values of 15.24 kN and 15.29 kN, 
respectively. For mix with 35% RAP, VG-40 achieved maximum stability of 14.94 kN, while CRMB-55 demonstrated balanced 
results with a stability of 14.35 kN and optimal deformation resistance. Across all mixes, air voids reduced significantly, and 
densities remained consistent, ensuring structural integrity. The results demonstrate that incorporating RAP improves mix 
performance while promoting sustainability. VG-40 and CRMB-55 binders consistently outperformed VG-30, particularly at 
higher RAP contents, suggesting their suitability for durable and resilient pavement construction. This study provides a 
comprehensive understanding of the relationship between Marshall Stability and ITS values in DBM Grade 2 mixes, facilitating 
informed material selection for sustainable infrastructure. 
ITS follows the same trend as Marshall Stability, with CRMB-55 showing the highest values at 4.65% binder content (0.83 
N/mm², 14.95 kN), followed by VG-40 and VG-30 for conventional Mix. For 25% RAP, VG-40 had the highest stability (14.90 
kN), while CRMB-55 had the highest ITS (0.87 N/mm²). With 30% RAP, CRMB-55 exhibited superior stability (15.29 kN) and 
ITS (0.87 N/mm²). At 35% RAP, VG-40 had the highest stability (14.94 kN), while CRMB-55 led in ITS (0.85 N/mm²). 
Keywords: Marshall Stability, Indirect Tensile Strength (ITS), Dense Bituminous Macadam (DBM), Recycled Asphalt Pavement 
(RAP), VG-30 Binder, VG-40 Binder, CRMB-55 Binder, Bituminous Mix, Sustainability, Pavement Durability. 
 

I.      INTRODUCTION 
Dense Bituminous Macadam (DBM) is a high-quality road construction material widely used in flexible pavements for highways 
and other heavily trafficked areas. As a crucial intermediate layer in pavement design, DBM provides structural strength, durability, 
and resistance to deformation under repeated traffic loads. Its formulation typically includes coarse aggregates, fine aggregates, 
filler, and a bituminous binder, carefully proportioned to achieve optimal performance. 
The increasing demand for durable and cost-effective road infrastructure has led to significant advancements in DBM composition, 
production, and application methods. DBM plays a vital role in ensuring long-lasting pavement life by withstanding environmental 
stresses, including temperature variations and moisture infiltration. Moreover, its ability to distribute vehicular loads uniformly to 
the underlying layers minimizes pavement distress and enhances overall performance. 
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This Research paper explores various aspects of Dense Bituminous Macadam to show behavioral similarities between Marshall 
stability which is design parameter and ITS value which show the ability of mix to resist tensile force. The study also investigates 
the impact of innovative additives, modified binders, and sustainable practices on DBM's durability. By addressing these factors, 
this research aims to contribute to the development of more reliable and sustainable road construction techniques. 
 

II.      NEED AND SCOPE OF STUDY 
A. Need For Study 
Road transportation plays a vital role in meeting growing transportation demands, requiring both new road construction and 
improvements to existing infrastructure. While various agents and filler materials have been examined for Marshall Stability and 
Indirect Tensile Strength (ITS), no comparative research has been conducted. The Marshall Stability Test involves compressive 
loading, while the ITS test uses indirect tensile loading. Understanding any impact of ITS on Marshall Stability is crucial. This 
study aims to explore behavioural similarities between Marshall Stability and ITS values for DBM Grade-2 mixes using different 
grades of bitumen, CRMB-55, and recycled materials, highlighting the applicability of the ITS test for bituminous mixes. 
 
B. Scope And Objectives Of Present Study 
This research assess the functionality and characteristics of bituminous mixes through Marshall Stability and ITS tests. The study 
evaluates the engineering properties of DBM by analysing both tests on the same specimen samples. 
This research has the potential to contribute to the development of environmentally friendly road construction practices, addressing 
issues like binder drainage and tensile strength in recycled material-based DBM. The findings can guide the industry toward more 
sustainable and durable asphalt solutions. 
 
The main objectives of the present study are: 
1) To determine the optimum binder content by Marshall method for control mix for DBM prepared with and without  RAP using 

VG-30, VG-40 and CRMB-55 Grade Binder 
2) To determine I.T.S. value of DBM mix at various binder content with and without RAP and ascertain if any  similarity exist 

between Marshall stability and I.T.S Value using VG-30, VG-40 and CRMB-55 Binder. 
3) To determine the optimum amount of RAP that can be added in DBM mix. 
4) To determine the effect of employing RAP in DBM on the Marshall Stability Value and I.T.S. value. 
 

III.      MATERIAL PROPERTIES EVALUATION 
A. Aggregates 
Aggregates of size  26.5 mm, 19 mm, and 10 mm ,stone dust and  RAP were used . The material used satisfied all general 
requirement as per MORT&H (5th revision) and IRC: SP: 79-2023. The aggregates were collected from the nearby road construction 
site. The tests which have been done on aggregates are displayed in 

Table 1: Physical Properties of Coarse and Fine Aggregates including RAP 

Physical properties 26.5mm 19mm  RAP 
Required values as 

per MORTH 5th 
revision 

Specific Gravity 2.62 2.64 2.69 2.6-2.8 
Elongation index (%) 11.1 10.7 10.4 Max 30% 

(E.I. + F.I.) Flakiness index (%) 9.2 10.4 9.0 
Impact value (%) 20.5 21.0 20.3 Max 24% 

Water absorption (%) 0.40 0.50 0.54 Max 2% 
Stripping value (%) 2-3 2-3 2-3 < 5% 

 
B. Binder 
In this research, VG-30, VG-40 & CRMB-55 is used. To determine the physical characteristics of bitumen, different tests are 
performed in accordance with IS: 73-2013 & IS 15462:2004 shown in Table 2. 
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Table 2: Properties of Viscous Grade Bitumen 
Properties VG-30 Grade VG-40 Grade Test Method 

 Determined Required Determined Required  
Penetration 62 50-70 53 40-60 IS:1203:1978 
Softening 

point 
51°C 47°C min. 56°C 50°C min. IS:1205:1978 

Ductility 44 40 (min.) 35 25 (min.) IS:1208:1978 
Specific 
Gravity 1 0.99 (min.) 1 0.99 (min.) IS:1202:1978 

 
Table 3: Physical properties of CRMB-55 

Test Particulars Determined Required Test Method 

Penetration at 25oC,100g,5 seconds,0.1mm 55 < 60 IS 15462:2004 

Softening Point (Ring & Ball),oC 59 Min 55 IS 15462:2004 

Flash Point, oC 233 Min 220 IS 15462:2004 

Separation, Difference in softening point, R&B oC, Max 3.2 Max 4 IS 15462:2004 

Viscosity at 150 oC ,Poise 4.35 2-6 IS 15462:2004 

 
C. Mineral Filler 
Stone dust has been used as the mineral filler in the DBM mix, with the replacement for hydrated lime . It was procured from nearby 
site in Chandigarh. 
 

IV.      EXPERIMENTAL INVESTIGATIONS 
A. Aggregate Gradation 
To achieve the right blend, different sized aggregates such as 26.5mm,19mm,10mm and  filler,  are employed. Aggregates weighing 
4000g were collected for sieve analysis. To find the specific percentages of different sized aggregates to be employed, the aggregate 
gradation is carried out using Rothfuch's Method, which confirms to the upper and lower limitations stated as per MoRTH table 500-
07.  

Table 4 shows grading of aggregate for controlled mix and mix with varying percentage of RAP. 
 

Table 4:Grading of aggregate for DBM 

IS 
Sieve 
Size 

% 
passing 
26.5mm 

% 
passing 
19mm 

% 
passing 
10mm 

% 
passing 

SD 

% 
passing 

RAP 

Grading of Mix  
Control 

Mix 
Mix with 

25% 
RAP 

Mix with 
30% 
RAP 

Mix with 
35% 
RAP 

% passing 
required 

37.5 100 100 100 100 100 100 100 100 100 100 
26.5 89.8 100 100 100 100 98.9 97.9 98.3 98.2 90-100 
19.0 2 91.5 100 100 95.1 88.2 77.7 78.6 80.4 71-95 
13.2 0 3.2 97.8 100 89.3 67.1 61.4 62.9 65.4 56-80 
4.75 0 0 16.3 98.2 65.8 41.2 40.8 42.8 44.9 38-54 
2.36 0 0 2.4 87.2 41.1 32.9 29.8 30.9 32.1 28-42 
300 0 0 0.4 38.8 0.9 14.4 9.7 9.6 9.4 7-21 
75 0 0 0.2 15 2.67 5.6 3.5 3.4 3.3 2-8 
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B. DBM MIX Design 
The mix design was carried out using the Marshall Stability Test to determine the optimum binder content, RAP replacement 
percentage, ensuring maximum stability values. The design also adhered to other Marshall parameters. The mix was designed to 
meet the specifications outlined in MoRTH Table 500-11: DBM Mix Requirements.  
The samples are prepared in accordance with ASTM D6926: Standard Practice for Preparation of DBM Specimens Using Marshall 
Apparatus. 75 blows are required on each face of the specimen for DBM mixes. Table 5 shows the proportion of 26.5mm, 19mm, 
10mm, Filler and RAP for different DBM mix.. 

Table 5: Proportion of 26.5mm, 19mm, 10mm, Filler and RAP for different DBM mix. 

Size of Aggregate  
Ratio of Mixing of aggregate in percent 

Control Mix Mix with 25% RAP  Mix with 30% RAP Mix with 35% RAP  
26.5mm 10 20 19 17 
19mm 23 16 15 14 
10 mm 30 17 15 14 
Filler 37 22 21 20 
RAP ‐ 25 30 35 

 
1) Conventional DBM Mix  
The Marshall Stability test was carried out in the lab to determine the ideal binder content and stability for conventional DBM mix. 
Samples were prepared with minimum bitumen of 4.50% and subsequently with an increment of 0.15% and going up to 4.95%.for 
viscous binder VG-30, VG-40 and Modified Binder CRMB-55.Table 6 displays the Marshall Properties for Conventional DBM Mix 
with different binder content. Figure 1,Figure 1, Figure 3, Figure 4 and Figure 5 display the variation of various Marshall 
Parameters i.e., Marshall stability, density, flow value, Voids in Minerals aggregate (VMA) and air void content vs Bitumen 
Content. Based on experimental data the ideal bitumen concentration for a Conventional DBM mix was determined to be 4.65% for 
Virgin binder as well as for modified binder.  
 

Table 6: Marshall Properties for Conventional DBM Mix with different Binder Content 

  VG-30 VG-40 CRMB-55 

 Bitumen (%) 4.50 4.65 4.8 4.95 4.50 4.65 4.8 4.95 4.50 4.65 4.8 4.95 

Gt (g/cc) 2.35 2.36 2.35 2.36 2.32 2.33 2.33 2.33 2.34 2.35 2.35 2.35 

Gm (g/cc) 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63 

Vb (%) 10.57 10.96 11.29 11.66 10.46 10.85 11.19 11.54 10.53 10.92 11.27 11.61 

Va (%) 85.32 85.41 85.14 85.14 84.37 84.57 84.39 84.28 84.93 85.16 85.00 84.78 

VMA (%) 14.68 14.59 14.86 14.86 15.63 15.43 15.61 15.72 15.07 14.84 15.00 15.22 

Vv (%) 4.11 3.63 3.57 3.20 5.18 4.58 4.41 4.17 4.54 3.91 3.73 3.61 

VFB%  72.02 75.11 75.97 78.48 66.87 70.31 71.71 73.45 69.86 73.63 75.15 76.29 
Stability 

value (kN) 12.04 12.83 12.53 11.80 13.03 14.69 13.48 11.94 13.82 14.95 14.20 12.53 

Flow Value 
(mm) 3.18 3.21 3.29 3.9 3.42 3.72 3.95 4.15 3.32 3.54 3.67 4.1 

ITS Value 
(N/mm²) 0.68 0.70 0.74 0.69 0.69 0.80 0.79 0.73 0.69 0.83 0.81 0.71 
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Figure 1 : Marshall stability vs bitumen for Control Mix 

 

Figure 2 : Density vs bitumen for Control Mix
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Figure 3  : Flow value vs bitumen for control mix 

 

        Figure 4: VMA vs bitumen for control mix 
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      Figure 5: Air void vs bitumen for control mix

2) DBM Mix with different proportion of RAP 
The incorporation of Reclaimed Asphalt Pavement (RAP) into DBM mixes was evaluated based on Marshall properties. RAP 
dosage levels were varied across 25%, 30%, and 35%. The range of bitumen content was taken 4.50%,4.65% and 4.80 % which is 
one below and one above the Optimum Binder Content obtained from Conventional Mix. The gradation corresponding to these RAP 
percentages was as previously discussed in  

Table 4.Experimental investigations revealed that the Conventional mixes with VG-30 ,VG-40 and CRMB-55 achieved maximum 
stability at 4.65% bitumen content, with values of 12.83 kN ,14.69 kN,and 14.95 kN respectively. Modified mixes with 25% RAP 
,VG-40 and CRMB-55 binders showed stability values of 14.90 kN and 14.69 kN. At 30% RAP, VG-40 and CRMB-55 
outperformed VG-30, achieving 15.24 kN and 15.29 kN, respectively. At 35% RAP, stability for VG-40 reduced to (14.94 kN), 
while for  CRMB-55 reduced to  (14.35 kN) The results of these assessments are summarized in Table 7,Table 8 and Table 9 
respectively and the corresponding graphical representations are illustrated in Figure 6 to  Figure 20 for Marshall Stability ,Density, 
Flow Value, VMA and Air Void with respect to Bitumen.  
 

Table 7: Marshall properties of DBM mix with 25% ,30% and 35%  RAP at 4.50%,4.65% and 4.80% for VG-30 

VG-30 grade bitumen with 25% 
RAP 

VG-30 grade bitumen with 30% 
RAP VG-30 grade bitumen with 35% RAP 

Bitumen(%) 4.50 4.65 4.80 4.50 4.65 4.80 4.50 4.65 4.80 
Gt (g/cc) 2.35 2.35 2.34 2.35 2.35 2.35 2.36 2.36 2.36 

Gm (g/cc) 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 2.64 
Vb (%) 10.57 10.91 11.24 10.91 11.28 11.62 10.99 11.34 11.68 

Va 84.95 84.75 84.41 84.77 84.73 84.50 85.34 85.16 84.98 
VMA (%) 15.05 15.25 15.59 15.23 15.27 15.50 14.66 14.84 15.02 

Vv (%) 4.48 4.34 4.35 4.32 4.00 3.88 3.67 3.50 3.34 
VFB% 70.23 71.54 72.07 71.67 73.83 74.96 74.97 76.39 77.77 

Stability value 
(kN) 14.40 13.81 11.80 12.53 12.83 11.80 13.06 12.78 12.04 

Flow Value 
(mm) 3.42 3.57 3.84 3.17 3.41 3.73 3.34 3.72 4.05 
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ITS Value 
(N/mm²) 0.80 0.79 0.77 0.70 0.74 0.69 0.74 0.78 0.76 

 
Figure 6: Marshall stability vs bitumen for VG-30 

 

 
Figure 7: Density vs bitumen for VG-40 
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Figure 8:  Flow value vs bitumen for VG-30 

 

 
Figure 9: VMA vs bitumen for VG-30
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Figure 10: Air void vs bitumen for VG-30 

 
Table 8: Marshall properties of DBM mix with 25% ,30% and 35%  RAP at 4.50%,4.65% and 4.80% for VG-40 
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VG-40 grade bitumen with 30% 
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Figure 11: : Marshall stability vs bitumen for VG-40 

 
 

 
Figure 12: Density vs bitumen for VG-40 
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Figure 13: Flow value vs bitumen for VG-40 

 

 
Figure 14: VMA vs bitumen for VG-40 
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Figure 15: Air void vs bitumen for VG-40 

 
Table 9: Marshall properties of DBM mix with 25% ,30% and 35%  RAP at 4.50%,4.65% and 4.80% for CRMB-55 

CRMB-55 grade bitumen with 25% 
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RAP 

CRMB-55 grade bitumen with 35% 
RAP 
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Gt (g/cc) 
2.34 2.34 2.34 2.34 2.34 2.34 2.36 2.35 2.35 
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(N/mm²) 0.81 0.87 0.82 0.81 0.87 0.83 0.79 0.85 0.81 
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Figure 16: : Marshall stability vs bitumen for CRMB-55 

 

 
Figure 17: Density vs bitumen for CRMB-55 
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Figure 18: Flow value vs bitumen for CRMB-55 

 
 

 
Figure 19: VMA vs bitumen for CRMB 
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Figure 20: Air void vs bitumen for CRMB-55 

 
V.      RESULTS AND DISCUSSION 

A. Test Result For Control Mix 
1) VG-30: The mix showed optimal performance at 4.65% bitumen content with a stability of 12.83 kN, density of 2.36 g/cc, and 

air voids reduced to 3.20%. The lowest flow value of 3.18 mm was observed, ensuring durability, stability, and deformation 
resistance. 

2) VG-40: The DBM Grade 2 mix achieved peak performance at 4.65% bitumen content, with a stability of 14.69 kN, density of 
2.33 g/cc, and air voids of 4.17%. The flow value was minimized to 3.42 mm, highlighting durability and resistance to 
deformation. 

3) CRMB-55: Maximum performance was observed at 4.65% bitumen, achieving stability of 14.95 kN, density of 2.34 g/cc, air 
voids of 3.61 %, and a flow value of 3.32 mm, ensuring durability and strength. 

4) ITS: ITS follows the Marshall Stability trend, with CRMB-55 showing the highest ITS (0.83 N/mm²), followed by VG-40 (0.80 
N/mm²) and VG-30 (0.70 N/mm²) at 4.65% binder.  

 
B. Test Result For Modified Mix Using 25 % Rap 
1) VG-30: The mix exhibited optimal performance with a stability of 14.40 kN, density of 2.35 g/cc, air voids of 4.34%, and a 

flow value of 3.42 mm at 4.5% bitumen content. 
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voids of 3.45%, and a flow value of 3.54 mm. 
3) CRMB-55: Strong performance was observed at 4.5% bitumen, achieving stability of 14.69 kN, density of 2.34 g/cc, air voids 

of 4.20%, and a flow value of 3.16 mm. 
4) ITS: ITS values were highest for CRMB-55 (0.87 N/mm²), followed by VG-40 (0.86 N/mm²) and VG-30 (0.80 N/mm²) at 
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C. Test Result For Modified Dbm Mix Using 30% Rap  
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D. Test Result For Modified Dbm Using 35% Rap  
1) VG-30: The mix displayed robust performance at 4.65% bitumen content, with stability of 13.06 kN, density of 2.36 g/cc, air 

voids of 3.34%, and a flow value of 3.34 mm. 
2) VG-40: At 4.65% bitumen content, the mix achieved stability of 14.94 kN, density of 2.35 g/cc, air voids of 4.14%, and a flow 

value of 2.8 mm, showcasing superior mechanical performance. 
3) CRMB-55: The mix indicated strong performance at 4.65% bitumen content, with stability of 14.35 kN, density of 2.357 g/cc, 

air voids of 4.02%, and a flow value of 3.44 mm. 
4) ITS: ITS values were highest for CRMB-55 (0.85 N/mm²), followed by VG-40 (0.81 N/mm²) and VG-30 (0.78 N/mm²) at 

4.65% binder 
 

VI.      CONCLUSIONS 
The study revealed notable differences and improvements in performance between various binders (VG-30, VG-40, and CRMB-55) 
and RAP proportions (25%, 30%, and 35%). For virgin mixes, CRMB-55  demonstrated superior performance with a maximum 
stability of 14.95 kN at 4.65% bitumen content, representing a 16.5% improvement over VG-30, which achieved 12.83 kN. At 25% 
RAP, VG-40 and CRMB-55 exhibited similar stability values of 14.90 kN and 14.69 kN, respectively, with VG-40 showing a slight 
improvement of 1.4% over CRMB-55. At 30% RAP, CRMB-55 marginally outperformed VG-40 with stability values of 15.29 kN 
and 15.24 kN, respectively, indicating a negligible variation of 0.3%. Both binders significantly outperformed VG-30, which 
exhibited an estimated stability of around 14.5 kN, translating to an improvement of 5% or more for the other two binders. 
At 35% RAP, VG-40 achieved the highest stability value of 14.94 kN, outperforming CRMB-55 by 4.1%, which provided a stability 
value of 14.35 kN. Although CRMB-55 showed slightly lower stability at this level, it demonstrated superior deformation 
resistance, making it a balanced choice for mixes with higher RAP content. The findings indicate that stability generally improves 
with increasing RAP content up to 30%, while a slight decrease is observed at 35%. VG-40 consistently outperformed VG-30 across 
all RAP levels, while CRMB-55 provided competitive stability and additional deformation resistance, especially at higher RAP 
proportions. Overall, incorporating RAP up to 35% is feasible and sustainable without compromising pavement performance, 
provided appropriate binders like VG-40 or CRMB-55 are used. 
This study examines the impact of binder type and RAP content on the mechanical properties of DBM Grade 2 mixes. ITS follows 
the same trend as Marshall Stability, with CRMB-55 showing the highest values at 4.65% binder content (0.83 N/mm², 14.95 kN), 
followed by VG-40 and VG-30. For 25% RAP, VG-40 had the highest stability (14.90 kN), while CRMB-55 had the highest ITS 
(0.87 N/mm²). With 30% RAP, CRMB-55 exhibited superior stability (15.29 kN) and ITS (0.87 N/mm²). At 35% RAP, VG-40 had 
the highest stability (14.94 kN), while CRMB-55 led in ITS (0.85 N/mm²). These results highlight CRMB-55’s strength and VG-
40’s stability, emphasizing their influence on sustainable pavement design 
 

VII.      LIMITATIONS AND FUTURE SCOPE 
This study offers valuable insights into the correlation between Marshall Stability and ITS values for DBM Grade-2 mixes with 
RAP but has limitations. Testing was conducted under controlled laboratory conditions, not accounting for real-world variables like 
temperature, moisture, and traffic. RAP content was limited to 25%, 30%, and 35%, excluding higher proportions, while only VG-
30, VG-40, and CRMB-55 binders were evaluated, leaving out options like polymer-modified binders. The focus on short-term 
performance metrics overlooked long-term factors like aging, fatigue resistance, and cracking. Additionally, uniform RAP properties 
were assumed, ignoring variability in RAP sources, binder content, and aggregate gradation. Addressing these gaps in future 
research can enhance understanding and promote durable, sustainable RAP-incorporated DBM mixes. 
This study establishes a foundation for further exploration of the correlation between Marshall Stability and ITS values for DBM 
Grade-2 mixes with RAP. Future research can validate findings through field trials under real-world conditions, considering traffic 
loads, environmental factors, and aging effects. Investigating higher RAP proportions (>35%), advanced binders (e.g., polymer-
modified or bio-based), and extended performance metrics like fatigue resistance, rutting, and moisture susceptibility will provide 
comprehensive insights. Assessing environmental and economic impacts, such as energy savings, carbon footprint, and cost-
effectiveness, alongside optimization models, can ensure efficient and sustainable mix designs. These efforts will support broader 
RAP adoption, enhancing sustainability and durability in road construction. 
. 
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