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Effects of ‘hot storage and duration' on class 170 binder 
properties and foamed bitumen stabilisation performance

Refinery

Foamed Bitumen 
Road Stabilisation

Jobsite

Hot Storage: C170 Bitumen heated to 185⁰C (control 
sample), over-heated to 200⁰C, 210⁰C and 220⁰C.

Duration: C170 Bitumen maintained at 185⁰C for 
prolonged periods 0 day (control sample), 2, 4, 6 & 8 days.
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Between the ‘refinery’ and the jobsite ‘point of 
delivery’, class 170 bitumen used in foamed 
bitumen stabilisation can be exposed to 
temperatures above maximum specified 190⁰C; 
or held at 190⁰C for multiple days prior to use 
(incorporation). What are the impacts on 
foamed bitumen performance/pavement life?

Exsitu           Plant-Mixed Foamed Bitumen

Insitu Foamed Bitumen

Bulk bitumen tanker leaving refinery (point of release)1. 

Bulk bitumen tankers can travel up to 700km for 
Foamed Bitumen projects in Queensland.
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Hot C170 Bitumen

What is Foamed Bitumen Road Stabilisation?

3 4



• Provides 
longer 
construction 
working times

• Better fatigue 
resistance than 
using a cement 
stabilised base 

• Offers better 
resilience to 
flooding

• Foamed 
bitumen 
improves the 
stiffness and 
load bearing 
capacity

Strong 
and 

flexible 
pavement 

Moisture 
resistant 

pavement  

Using 
lime as a 

secondary 
additive 

Reduces 
shrinkage 
cracking

Benefits of Foamed Bitumen pavements



Techniques: Insitu and Exsitu (plant-mixed) foamed bitumen

1. Insitu Foamed Bitumen: In-place recycling utilising existing pavement base materials

2. Exsitu: Plant-Mixed Foamed Bitumen produced in a pugmill (located at a quarry) and delivered to site in trucks
Wirtgen

Ammann
Plant-mixed Foamed Bitumen 
delivered to site. 

Grader placed,

or Paver placed.



Problem formulation  

MRTS07C and MRTS09 specifications:

‘The bitumen shall be incorporated at a 
temperature between 180°C and 190°C. 
Bitumen temperature shall not fall below 170°C 
throughout the bitumen incorporation process’.



MRTS17 Bitumen Specification referenced Advisory Note 7



Problem - circumstances investigated  

Project 2 (2018): Exsitu plant-mixed foamed bitumen project

Due to project delays, Class 170 bitumen was held in an auxiliary bitumen 
tank at 185⁰C for >7 days prior to manufacture of the foamed bitumen mix.

Background: Electric elements in auxiliary storage can maintain a high 
temperature of 180-190⁰C. However, heating from a lower temperature to 
the required 180-190⁰C is slow (approximately 1⁰C per hour).

Project 1 (2018): Insitu foamed bitumen project

Bitumen arrived onsite at 200⁰C. 

Background: Project was 700km from the refinery and loads were arriving 
the previous evening for works the following day. The bitumen transport 
operator suggested it was common practise to heat the bitumen as high as 
220⁰C during the night and allow the bitumen to reduce in temperature to 
the required 180-190⁰C at point of delivery.



Literature review – Class 170 binder 

Emery, S, O’Connell, J & White, L 2004, 
‘Monitoring bitumen quality from refinery to pavement’

Austroads 2014, ‘Technical report ap-t271-14: 
Effects of Hot Storage on Polymer Modified Binder 
Properties and Field Performance’, Sydney, Austroads 
Pty Ltd



Literature review – Class 170 binder for foamed bitumen

Technical Guideline 2 (TG2 South Africa)
Indicates that bitumen should never be heated above 195°C. The normal bitumen temperature for foaming is 
recommended at 175°C and must always be above 160°C to provide sufficient heat energy for the water to change state 
and create foam.

Transit New Zealand 2008, ‘Specification for in-situ stabilisation of modified pavement layers’, (TNZ B/5)

Asphalt Academy 2009, ‘A guideline for the design and construction of bitumen emulsion and foamed bitumen stabilised materials’, (TG2).

Unlike the NZ specification, the South African TG2 fails to adequately address a maximum storage duration for the 
bitumen binder at elevated temperatures.



Literature review – foaming properties

Hard bitumen should be avoided due to the poor quality of foam produced, 
which leads to insufficient dispersion of binder in the FBS mixture.

Wirtgen GmbH 2012, ‘Wirtgen cold recycling technology’, Wirtgen Group, Windhagen, Germany.

Jenkins theoretical explanation into the physics of bitumen foamability, the 
energy transfer when using a stiffer binder reduces the explosive expansion 
from the generation of steam, effecting surface tension of the bitumen film.

Jenkins, K, Van de Ven, M & De Groot, J 1999, ‘Characterisation of foamed bitumen’



Literature review – foamed bitumen performance

?

Research gap identified that warranted the investigation into the:
Effects of ‘hot storage and duration' on class 170 binder properties and foamed bitumen stabilisation performance.



Thesis testing strategy 

1. Hot Storage: 185⁰C, 200⁰C, 210⁰C, 220⁰C 2. Duration: @ 185⁰C  0, 2, 4, 6 and 8 days 

Thesis investigation split into two parts 



Materials
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Laboratory bitumen heating, binder properties testing 
and Foamed bitumen mix performance testing

Bitumen heating regime Bitumen viscosity Foaming properties (Expansion Ratio and Half-life)

Foamed bitumen equipment Foamed bitumen mix Compacted specimen Vacuum saturation (soaked) Indirect Tensile Resilient 
Modulus (ITRM)
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Hot Storage:
185⁰C, 200⁰C, 210⁰C, 220⁰C

Duration:
185⁰C @ 2, 4, 6, 8 days
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Heating simulations – Hot storage: 185⁰C, 200⁰C, 210⁰C, 220⁰C

1. Hot Storage: 185⁰C, 200⁰C, 210⁰C, 220⁰C 

Control is the Class 170 binder at 185 ⁰C  (0 days) 

• Four separate tins
• 8 Litres C170 in a 10L tin (20% air)
• Lids on
• Bitumen was initially heated overnight at 105⁰C
• Elevated temperature maintained for 1 hour
• C170 cooled to 185⁰C then transferred to WLB10s 

kettle for sampling and foaming at 185⁰C.



Heating simulations – Duration: @ 185⁰C  0, 2, 4, 6 and 8 days 

2. Duration: @ 185⁰C  0, 2, 4, 6 and 8 days 

Control is the Class 170 binder at 185 ⁰C at 0 days. 

• Four separate tins
• 8 Litres C170 in a 10L tin (20% air)
• Lids on
• Stirred daily
• Sampled and foamed at 185⁰C.



Testing - bitumen viscosity (AS 2341.2) 



Testing - foaming properties (AGPT301)



Manufacture of 8 foamed bitumen mix designs – (Q138)

• Karreman Quarry type 2.1 gravel

• 3% Bitumen

• 2% Hydrated lime

• Available lime index 94.5%

• 0.5% foaming agent

• Target 70% of OMC (Optimum 

Moisture Content)

• Foaming water 12 litres per hour 

(3.3%)



Compaction and curing of the 8 mix designs – (Q138)



Testing - Indirect tensile resilient modulus – (Q139)



Summary of test results



Laboratory test results – viscosity (at 60⁰C)



Laboratory test results – foaming properties



Laboratory test results – viscosity vs half-life



Laboratory test results – Viscosity vs Soaked after 3-day cured modulus



Laboratory test results – Viscosity vs Soaked after 3-day cured modulus



Analysis approach - effect on pavement life 

 Reduction in pavement design life (in years)

 Required layer thickness compensation to meet 

design life (in mm), and

 Additional costs of FBS material for layer 

thickness compensation: 

 IFBS (in $/m2)

 PMFBS (in $/m3)



Effect on pavement life – Traffic and pavement configuration 



Ef = soaked modulus from Q139 test results

Structural pavement design inputs for foamed bitumen 

Pavement design modelling 
software (CIRCLY 6.0) was used 
to analyse all the modulus test 
results data to assess the impacts 
on pavement life. 
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µƐ = induced horizontal tensile strain at bottom of FB 
bitumen layer

k (performance constant)
90%

7% bitumen volume (3% by mass)

Soaked after 3-day cured (Smix stiffness of mix = [Ef] design flexural modulus)

Performance Exponent

(1900MPa)



Effect on pavement life – Adopted design moduli and inputs



Effect on pavement – Life in years



Effect on pavement life



Effect on pavement life – Costs



Discussion - Summary

Foamed Bitumen base layer

Subgrade CBR 5

Granular improvement layer

20-year life1900 MPa 14 year life17.5-year life1700 MPa 16-year life1600 MPa 14-year life1450 MPa

300mm

150mm
Semi-
infinite

As bitumen ‘hot storage’ temperatures and ‘durations’ increase, Indirect Tensile 
Resilient Modulus (in MPa) decrease, and pavement life (in years) significantly declines.

Impacts are up to 30% reduction in pavement life from a 20-year design 
(14 years instead of 20 years). A 6 year loss of pavement life is not acceptable.



39 |

Recommendations

Improvements needed: Technical 
specifications, governance, and 
industry bitumen heating practices. 

6
7
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Adopted
The total time at which the Class 170 
bitumen shall be held in the bitumen tanker 
(or onsite bitumen storage container) at 
foaming temperature (170ºC to 190ºC refer 
to Clause 8.8.5), shall be no greater than 72 
hours. 

Remain Unchanged
The bitumen incorporation shall commence 
at a temperature between 180ºC and 190ºC. 
Bitumen temperature shall not fall below 
170ºC throughout the bitumen incorporation 
process. 

Recommendations adopted by TMR in specifications
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Refinery

Jobsite

Bulk bitumen tanker leaving refinery (point of release). 
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8https://www.amazon.com/Ideal-Sciences-Temperature-Monitoring-Historical/dp/B07SG7BPM3
All other photos, charts and wording produced by author.

Implementation of wireless data loggers in bulk bitumen tankers and 
auxiliary storage tanks to monitor bitumen temperatures during 
transport and storage between point of release from the manufacturer               

until such time the C170 bitumen is incorporated 
into the foamed 
bitumen works.

Future research, development and implementation considerations

Insitu Foamed Bitumen

Exsitu           Plant-Mixed Foamed Bitumen
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