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Green Transportation 
Infrastructure 
• Roadway design that 

integrates transportation 
functionality and ecological 
sustainability 

• An environmental approach is 
used throughout the planning, 
design, and the construction 

• The result is a highway that 
will benefit transportation, the 
ecosystem, urban growth, 
public health and surrounding 
communities 

Green 
Technology 



What is green 
technology 

• Green technology describes the use of 

technology and science to create 

products that are more environmentally 

friendly.  

 

• The goal is to protect the environment 

and in some cases, to even repair past 

damage done to the environment 



 Climate resilient materials 
 Sustainable urban drainage 

Green 
infrastructure 

materials 

Our talk today 



The challenges 





Expansive Soil 
• Clay:  a fine-grained soil  

• Prone to large volume changes  
→Changes in water content 

• Smectite clay minerals have the most 
dramatic shrink-swell capacity 

• Magnitude of expansive, soil-related 
movements varies based on geologic 
and climatic conditions 

• Varies with depth of seasonal moisture 
change 

• Deeper cracks in drier seasons 
• Site drainage 
• Moisture control during and after 

construction 





Climate resilient 
asphalt materials 



– Asphalt materials are “live” products, 

subject to changes 

– Resistance against degradation in service, 

due to changes in chemical-mechanical 

properties 

– What causes these changes: 

• Thermal? Hot, cold, frost 

• Loss of volatile components? 

• Moisture?  

• Winter maintenance? 

– What is the biggest challenge in the 

mixture design? 
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Long-life (durable) asphalt materials 



Dimana akar permasalahan nya? 



Lapisan aspal mengelupas 

Drainase tidak memadai? Masalah desain? Pembebanan berlebih? Drainase? 

Musuh utama perkerasan jalan 

• Air 

• …..Air 

• ………..Air 
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Solaimanian, M., Harvey, J., Tahmoressi, M., Tandon, V. "Test methods to 
predict moisture sensitivity of hot-mix asphalt pavements." Transportation 
Research Board National Seminar. San Diego, California. 2003 

Moisture and Traffic 



Asphalt 
materials 
produced by 
green 
technology 



Use of longer-life materials 
Current technology: polymer modified asphalts 

• Future development: self-healing materials 

Low energy construction 
• Current technology: low temperature asphalts (WMA, HWMA, CMA) 

• Future development: bio-based (plant-based) binders 

Use of waste and secondary materials 

Reclaim, reuse and recycling 
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Different approaches to greener asphalt technology 

Finite 
resource 

Energy 
use 

Increase 
demand 



Polymer Modified Asphalt (PMA) to improve service life 

18 

Source: Asphalt Institute, IS-215 

Source: Shell Bitumen Handbook 



Polymer modified bitumen 
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Dirjen Bina Marga. Spek Interim No: KB 01.13-
Db/289 (21 Juni 2016) 
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Successful application of PMA (thermoplastic elastomer) for 

runway surfacing, for durability and climate resilience 

Li, D.C.H, Fung, W.F.,  Widyatmoko, I., Elliott, R.C., Larsen, B., “Planning, Design and Implementation of Major 

Runway Resurfacing at Hong Kong International Airport”, Sixth International Conference on Road & Airfield Pavement 

Technology (6th ICPT), 20-23 July 2008, Sapporo, Japan  

soften 

brittle 

More than 15 years in service 

and still performing well 



-1 x 1 x 3 x 5 x 7 x 9 x 11 x 13 x 15 x

Relative Performance over the Control Sample

Low Temperature Strength

Low Temperature Ductility

Resistance to Fatigue Cracking

(High Strain)

Resistance to Fatigue Cracking

(Low Strain)

Load Spreading Ability

(Stiffness)

Resistance to Moisture Damage

Resistance to Deformation -

(Unconfined RLAT)

Resistance to Wheel Track

Deformation

HRA Epoxy

SMA Epoxy

>500 x  

BetterWorse
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PMA (thermosetting polymer) for long life asphalt surfacing 

1) Widyatmoko, I, Zao, B., Elliott, R.C., and Lloyd, W.G., “Curing Characteristics and the Performance of Epoxy Asphalts”, 10th International Conference on Asphalt Pavements, Quebec, 

Canada, 12-17 August 2006 

2) Widyatmoko, I., Elliott, R.C., Lloyd, W., G., “Development of Long Life Deformation Resistant Hot Rolled Asphalt Surfacing”, Journal of the Institute of Asphalt Technology, Asphalt 

Professional No:18, January 2006 

3) Elliott, R.C., Widyatmoko, I., Chandler, J., Badr. A., and Lloyd, W.G., “Laboratory and Pilot Scale Assessment of Long Life Surfacing for High-Traffic Roads”, 4th Eurasphalt & Eurobitume 

Congress, Denmark, 2008 

4) Widyatmoko, I and Elliott, R. “Strength characteristics and durability of epoxy asphalts”, Construction Materials, 2014. http://dx.doi.org/10.1680/coma.13.00029  

Dinnen, J. Farrington, J and Widyatmoko, I, “Experience with the use 

of epoxy-modified bituminous binders in surface courses in England”, 

Asphalt Professional No 82, February 2020 

http://dx.doi.org/10.1680/coma.13.00029
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Natural asphalt + polymers for heavy duty mastic asphalt surfacing 

1) Widyatmoko, I., Elliott, R.C., and Read, J.M., “Development of Heavy-Duty Mastic Asphalt Bridge Surfacing incorporating Trinidad Lake Asphalt and Polymer 

Modified Binders”, International Journal of Road Materials and Pavement Design, Vol. 6/4, 2005, pp. 469-483. ISSN 1468-0629 

2) Widyatmoko, I. and Elliott, R.C., “Characteristics of Elastomeric and Plastomeric Binders in Contact with Natural Asphalts”, Construction and Building Materials, 

Volume 22, No.3, March 2008, pp. 239-249, Elsevier, ISSN 0950-0618. doi:10.1016/j.conbuildmat.2005.12.025 

Orthotropic bridge deck  subject to large movements 



Page 23 

Successful application of polymer modified asphalts for bridge deck 

1) Widyatmoko, I. “Damages of Orthotropic Bridge Deck Surfacing: Forensic Investigation, Remedial Work and Performance Monitoring”. Jurnal Kejuruteraan 33(2) 

2021: 281-291. https://doi.org/10.17576/jkukm-2021-33(2)-14 

2) Widyatmoko, I and Elliott, R.C., “Tamar Bridge - Investigation of surfacing defects, design and specification”, Proceedings of the 5th  International Conference on 

Forensic Engineering: Informing the Future with Lessons from the Past, The Institution of Civil Engineers (ICE), London, 2013 

https://doi.org/10.17576/jkukm-2021-33(2)-14
https://doi.org/10.17576/jkukm-2021-33(2)-14
https://doi.org/10.17576/jkukm-2021-33(2)-14
https://doi.org/10.17576/jkukm-2021-33(2)-14
https://doi.org/10.17576/jkukm-2021-33(2)-14
https://doi.org/10.17576/jkukm-2021-33(2)-14
https://doi.org/10.17576/jkukm-2021-33(2)-14


Research on waste 
and secondary 
materials 



Binder modifier 

• Crumb Tyre Rubber 

• Waste plastic 

• Waste cooking oil 

• Waste engine oil 

• Recycled shingles 

Mixture additive 

• Power station wastes 

Pulverised fly ash 
(PFA) 

Furnace bottom ash 
(FBA) 

• Domestic wastes (IBA) 

• Waste paper 

Aggregate replacement 

• Reclaimed aggregate 

• Reclaimed asphalt 

• Reclaimed concrete 

• Rubber & plastic waste 

• Concrete & demolition 
waste 

Artificial (processed) aggregate 

• Steel slags: 

BOS – basic oxygen slags 

EAF – electric arc furnace 

• Blast furnace slags, including 
GBBS (granulated) 

• Non-ferrous slags 

Phosphorous slags 

ISF – aluminium/zinc slags 

• Geopolymer aggregate 

Waste derived materials 

Papers dan reports are 

available from: 

https://www.researchgate.net

/profile/Daru-Widyatmoko 

 

https://www.researchgate.net/profile/Daru-Widyatmoko
https://www.researchgate.net/profile/Daru-Widyatmoko
https://www.researchgate.net/profile/Daru-Widyatmoko
https://www.researchgate.net/profile/Daru-Widyatmoko


Use of reclaimed crumb 
rubber in asphalt mixtures 

• Wet process: dispersing the rubber 
particles in the bitumen to produce 
rubberised bitumen, which is then mixed 
with aggregate to form a mixture 

• Road pavement 

• Surface dressing, slurry seal 

• Joint sealant, waterproofing layer 

• Dry process: rubber particles act as a 
partial replacement to some of the 
aggregate sizes 

• Sport surfaces 

• Playground surfaces 
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Asphalt rubber: benefits 
• improved durability and resistance to 

age-hardening; 
• improved resistance to surface initiated 

and fatigue/reflection cracking; 
• reduced temperature susceptibility; 
• improved resistance to rutting; 
• lower pavement maintenance costs due 

to improved pavement durability and 
performance; 

• reduced construction times due to 
thinner lifts (layer); 

• better chip retention due to thicker 
binder films; 

• reduced spray and noise (open graded 
surface course) 
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Use of plastic and non-ferrous metal wastes 

Phase 1 – Basic Waste Characterisation. 

 

Assessment of crushing/grinding of wastes and 

leaching behaviour (spent pot linings only)  

Phase 2 – Basic Mix Characterisation. Development of mix-designs and assessment of 

basic mechanical properties (workability, 

setting, strength development, density etc). 

Leach testing of bound materials 

Phase 3 – Development of Mixes for 

Construction Purposes. 

Development of final mix designs for 

demonstration phase of project 

Phase 4 – Demonstration of Technology. Construction of trial sections of roadway (and 

control areas) on a site and assessment of 

performance and leaching behaviour in service 

over a 1 year period (ferro-silicate slag only) 

 

1) Widyatmoko, I., Dunster, A, and Moulinier, F., “Performance and benefits from using waste plastic-based aggregate 

in asphalts”, International Conference on Sustainable Construction Materials and Technologies, Coventry, 2007. 

2) Widyatmoko, I.; Moulinier, F.; and Dunster, A. “Added value potential of processed plastic aggregate and ISF slag in 

asphalt”. 10th International Conference on Asphalt Pavements. Quebec, Canada, 2006. 

3) Dunster, A.M., Moulinier, F, Abbott, B, Conroy, A., Adams, K., Widyatmoko, D., “Added Value of Using New 

Industrial Waste Streams in both Concrete and Asphalt. Feasibility of Using Waste Material in Asphalt Applications.” 

The Waste & Resources Action Programme, R&D Report: Aggregates, 2005, ISBN 1-84405-186-2 



Use of steel slags in roads 

Ellis, C.; and Widyatmoko, I. (1999). Performance and durability aspects of asphalts incorporating electric arc furnace steel slag aggregates designed for use in thin pavement 

surfacings. Proceedings of the 3rd European Symposium on Performance and Durability of Bituminous Materials and Hydraulic Stabilised Composites. Leeds, United Kingdom 

 By-products of steel 

manufacturing processes 

 Electric arc furnace (EAC) 

process 

 MD1 (primary), MD2 (steel slags) 

 Steel slags as coarse and fine 

aggregates  and filler 

 Polymer modifier binders:  

 PMB1 for MD1 and MD2 

 PMB2 for MD2 only 

Steel 

slags 
Control 
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Geopolymer artificial aggregate in asphalt 

Manufacturing Aggregate properties Asphalt mixture properties 

1) Karyawan IDMA, Ekaputri JJ, Widyatmoko I and Ariatedja E, "The Effects of Na2SiO3/NaOH Ratios on the Volumetric Properties of Fly 

Ash Geopolymer Artificial Aggregates", Materials Science Forum 967 (2019). DOI: 10.4028/www.scientific.net/MSF.967.228 

2) Karyawan IDMA, Ekaputri JJ, Widyatmoko I and Ariatedja E, "The Effect of various Na2SiO3/NaOH Ratios on the Physical Properties and 

Microstructure of Artificial Aggregates", Journal of Engineering Science and Technology, Vol. 15, No. 2 (2020) 1139 – 1154 

3) Karyawan IDMA, Widyatmoko I, Ekaputri JJ, and Ariatedja E. “Texture and Skid Resistance of Asphalt Concrete Surface Course 

incorporating Geopolymer Artificial Aggregates”. 12th International Conference on Road and Airfield Pavement Technology, 2021 
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Asphalt Recycling techniques 

1) De Bock, L., Arm, M., de Lurdes Antunes, M., Descantes, Y., Gaspar, L., Mollenhauer, K., and Thogersen. F. “Developing best practices on recycling or safe disposal of road materials 

in Europe – the DIRECT-MAT project”, XXIV PIARC World Road Congress, Mexico City, 2011 

2) Troeger, J and Widyatmoko, I. “Development in Road Recycling”, 11th Annual International Conference on Pavement Engineering and Infrastructure, Liverpool, 2012 

3) Widyatmoko, I. “Mechanistic-Empirical Mixture Design for Hot Mix Asphalt Pavement Recycling”, Construction and Building Materials 22(2):2008. doi:10.1016/j.conbuildmat.2006.05.041 

4) Nichols, J.C., Carswell, I., Widyatmoko, I., Elliott, R.C., Harris, J.H., and Taylor, R., “Recycling Surfacings into Thin S  urfacing Systems”, Construction Materials 161, Issue CM3, August 

2008, pp. ( “Howard Medal for Best Paper 2009” by ICE Journal 'Construction Materials', Thomas Telford, London) 

5) Widyatmoko, I., and Sunarjono, S., “Some Considerations to Implement Foamed Bitumen Technology for Road Construction in Indonesia”, 1st European Asian Civil Engineering Forum 

(EACEF) International Conference, Jakarta, 2007 
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Multiple Recycling with RA containing PMB 

ST1 

•Binder design 

ST2 

•Mix design 

ST3 

•1st Recycle 

ST4 

•2nd Recycle 

https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf 

https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf
https://aecom.com/uk/wp-content/uploads/2021/06/report_highways-england_60618808_1-979_subtask-1.pdf


Urban Drainage 
Systems 



1.It allows rainfall to be captured and 
to percolate into the ground. 
2.It  reduces stormwater runoff 
3.It recharges groundwater 
4.It supports sustainable construction 





 Material/Pavement Type 

 Porous media?  

 Porous asphalts?  

 Porous concrete? 

 Block paving? 

 Permeable Interlocking 
Concrete Pavement? 

 

 Application 

 Parking area 

 Roads – rural 

 Roads – urban 

 Roads – intercity 

 …others. 

 





https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections 

https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections
https://www.usgs.gov/media/images/permeable-pavement-test-plot-cross-sections












- Void content ~20% 

 Noise reduction (PA16 4 dB < AC or SMA) 

 Improved water drainability 

 Improved water Retention 

 

 

- Stone skeleton  

 Improved resistance against deformation 

 Lower resistance against shear stresses 
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