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Introduction

• Bitumen stabilised materials for cold recycling

– Existing granular or previously stabilized materials

– Bitumen emulsion or foamed bitumen

• How we do pavement design for BSMs 

• Design methods



Secret 

• Pavement Design is the easier part

• Materials characterization and design assumptions & 
inputs are the challenge!

If you don’t want to do materials investigations, don’t 
bother with pavement design



Materials Investigation

• Investigate whole 
pavement, not just BSM 
layer

• Get as much materials data as 
possible



Information Types
• Background info

– Pavement age, as-builts, 
maintenance and rehab, climate, 
geometry

• Visuals, rutting and roughness

• Deflections

• Dynamic cone penetrometer 
(DCP)

• Trial pits

– Lab testing



So what?  How classify materials for design?

• Material specifications

– Most countries have their own

– Often not with BSM criteria

• Traditional specifications do not 
account for existing materials in a 
pavement

–  In situ density and moisture conditions

–  Support under the layer

• Need to use what you have got, not 
specifying a new material



DEMAC

• Design Equivalent Materials 
Classification System

• In situ material equivalency in 
terms of shear strength and stiffness

– Considers in situ conditions

– Not rigid like traditional specifications

– What experienced designers do with 
materials data

  



DEMAC Tests

Soaked CBR   (0.25)

Percent passing 0.075 mm sieve (0.3)

Relative density   (0.3)

DCP penetration   (0.4) 

FWD stiffness   (0.3)

Linear shrinkage   (0.35)

Plasticity index   (0.3) 

PI of P0.075 mm   (0.3)

Relative moisture   (0.4)

Grading    (0.45)

Grading modulus   (0.2)

Fractured faces   (0.3)

Consistency   (0.2)

Visible moisture   (0.2)

Historical performance  (0.2)



BSM Mix Design

• Once know available materials

• Careful BSM mix design

– Add better quality materials?

– Add fines?

– Filler type and quantity?

– BSM type and quantity?

– BSM class  (BSM1 and 2)

• Remember, BSM only as good as parent materials

≠ + 



Survey & 

Testing
Data Analysis & 

Reporting

Design 

Calculations

Construction 

Contracts

Rehabilitation Design Process

• Test Pit 
Report

• Grading 
Analysis

• DCP 
Analyzer

• Stress Strain Calculator

• Standard Axle Design 

• 1986 AASHTO

• Axle Spectrum Analysis

• Multi-Pavement Tool

• Pavement Number

• Stripmap

• Backcalculation 

• DEMAC
Rubicon 
Toolbox

https://www.rubicontoolbox.com

https://www.rubicontoolbox.com/


Test Pit Summary 



Pavement Design 

• AASHTO 

• Mechanistic-Empirical

• Pavement Number



Wirtgen
Cold 
Recycling 
Manual

AASHTO BSM Layer Coefficient for BSM



BSM Performance under Repeated Loads

Flexural cracking?

Or, gradual consolidation ?

i.e. behave like asphalt

i.e. behave like granular material

and cement stabilised layers 

Continuously Bound

Unbound or Non-continuously Bound

Granular with increased cohesion



Mechanistic-Empirical

• Stress and strain calculations

• Materials inputs:

– Stiffness/Resilient Modulus

– Poisson’s Ratio

• Transfer Functions/Failure Criteria



h Asphalt

Granular base

Cemented subbase

Subgradev

1
2

3

h

Pavement Analysis Positions

BSM base (1/4)



APPLY CONFINING PRESSURE (AIR)

σ1

σ3

Triaxial

Shear Strength 



Shear Strength
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Stellenbosch ME Transfer Function

𝑙𝑜𝑔𝑁 = 𝐴 − 57.286(𝐷𝑆𝑅)3+ 0.0009159(𝑃𝑀𝐷𝐷. 𝑅𝑒𝑡𝐶)

PMDD = % MDD 
(Mod.AASHTO)

Retained CohesionDeviator Stress Ratio

After (Biermann, Stellenbosch University)



Retained Cohesion

• Triaxial test

– Equilibrium moisture content

– Saturated for 24 hours

• How much cohesion remains with “wet” materials



Rubicon Toolbox 
Standard Axle Tool



Pavement Number (PN) Design

AASHTO Structural Number on Steroids
– Robust and easy to use

– Clear, strong links to field testing (DEMAC material 
classification) and specifications

– Data from
• 69 field sites 

• Construction, maintenance & performance information

• Local southern African Catalogues

– Not really calibrated for High RAP BSMs



Pavement Number

• No stress and strain calculations

• Inputs

– Material classes (DEMAC), Climate (dry, moderate, wet)

• Builds stiffness of layers from bottom up

– Material class 

– Effective long term stiffness (ELTS)

– ELTS of layer underneath (Modular Ratio)

– PN ≈ thickness x ELTS + few other factors

• Calibrated from real LTPP pavement structures & 
catalogues



CBR 7-15%

150 mm G2

200 mm G6

40 mm AC

E1 = 300

E2 = 150

= 2

• The stiffness of one layer as a 
ratio of the layer underneath

Modular Ratio

SOFT

SUPPORT 

STIFF

SUPPORT

Pavement Balance



Design Criteria

Not a transfer function

Rather, design frontier



In brief

• Do detailed materials and pavement investigations

• Several structural design techniques available

• All are flawed - Use more than 1 to get a ball park

• Be careful!  

GIGO
Garbage In, Garbage OutGospel
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