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Abstract

Designing and building an optimized Cement Asphalt Mortar (CAM) is essential not only for providing smoother 

riding quality but also for reducing vibration and noise on railway. 

In producing CAM material, one of most crucial factors is selecting optimized asphalt binder with considerations of 

mixing various emulsifying agents.

It can be said that performing extensive evaluation of asphalt binder 

with various mathematical models for CAM material design is highly recommended.

Dynamic performance of asphalt binder: mixed with three different emulsifying agents, were evaluated with different 

mathematical models including newly developed model named C2MKP model. As an experimental work, Dynamic 

Shear Rheometer (DSR) test was considered. (C2MKP 모델개발자 : 문기훈, 조상갑, Augusto, 강일환, 박태순)

It was found that modified asphalt binder can provide reasonable mechanical performance compared to the 

conventional asphalt binder which means modified asphalt binder is successfully able to be applied for CAM 

production.



Materials and testing procedure set-up

Contents Unit Emulsifier [1] Emulsifier [2] Emulsifier [3]

Appearance

[25ºC]
Non

White-yellow

[Solid]

Brown

[Solid]

Yellow

[Liquid]

pH Non 5.8~6.3 8.8~9.2 6.2~6.5

Water content % 0.30~0.31 0.32~0.35 -

Hydroxly mgKOH/g 14.0~14.5 20.0~22.0 -

Density

[20ºC]
kg/m3 - - 890

Viscosity

[10ºC]
cP - - 113

Viscosity

[20ºC]
cP - - 52

Contents Unit Spefcification Asphalt binder

Penetration [25ºC] 0.1mm KS M 2252 75

Density [15ºC] cm KS M 2254 >=130

Flash point ºC KS M 2010 346

Kinematic viscosity [120ºC] mm2/sec KS M 2248 893

Kinematic viscosity [150ºC] mm2/sec KS M 2248 212

Kinematic viscosity [180ºC] mm2/sec KS M 2248 69

Performance grade - - PG 64-22

Rotational viscosity [135ºC] cP KS M 2392 0.42

Material PG Test temperature [ºC] and angular frequency [Rad/sec]

Asphalt

Binder

PG 64-22

+

Emulsifier [1]

Emulsifier [2]

Emulsifier [3]

Temperature [ºC] : Five conditions

- 10ºC, 20ºC, 30ºC, 40ºC, 60ºC

Angular frequency [Rad/sec] : Seven conditions

- 0.01, 0.1, 0.5, 1.0, 5.0, 10.0, 20.0

Testing results : Dynamic shear modulus, |G(w)|(Pa)

Predicting results : Phase angle, d(°)



Mathematical models

[1] Sigmoidal model 
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[2] Advanced sigmoidal model 

( ) ( )

*

1 1
Log (Log Log )

Log | ( ) |

1 1 r Ta

G

e e
      

 
   

 +  +  +

= + = +

+  + 

[3] C2MKP model (New model in this research)

(Cho-Cannone Falchetto-Moon, Kang and Park’s model)
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Phase angle approximation and related computation
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Master curve construction (MS Excel/MATLAB Least Square Fitting Method)
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C2MKP model : 문기훈, Augusto, 조상갑, 강일환, 박태순 



Master curve computation results (dynamic modulus)



Master curve computation results (phase angle)



Conclusion and future research topics

In this paper, performance of asphalt binder including various emulsified agents was evaluated for actual 

railway construction. Conventional asphalt binder test: DSR test, was performed and dynamic modulus and 

corresponding phase angel was computed, predicted and analyzed by means of three different mathematical models 

including newly developed one.

As result, newly developed C2MKP model could successfully provide upper and lower bounds which can 

provide more reasonable and reliable asphalt binder performance predictions at wide range.

Moreover, almost similar and identical dynamic performance was observed in emulsified asphalt binder which 

can provide positive possibilities for application in actual railway design and construction.

However, only limited research activities were performed in this paper. Therefore, more extensive experimental and 

mathematical works are needed to further verify findings in this paper.



Thank you very much




