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Whats news? 

 

 HDM addition for pavement performance 
prediction  

 Mechanistic Seal Materials and System 
Response Modeling for SAPDM (Godzilla) 

 Mechanistic  Empirical Design Method: Preview 
subject to change (TRH3) 

 

 

 



The Original Plan 

(B7)  Model seal and cracking geometry and base deflection

(B1)  Investigate 

appropriate mech. 

Behaviour model

(B8.1)  Model 

fatigue ageing and 

calibrate

(C1.1)  Identify road 

sections for ravel 

surfacing fatigue

(C2.1)  Assess, test 

permeability and 

sample

(C3.1)  Lab testing

(C4.1)  Verify ageing 

cracking/ ravel 

(adhesion) and 

permeability

(C1.2)  Identify road 

sections for crack 

reflection

(C2.2)  Assess, crack 

activity test and 

sample

(B6)  Performance 

testing for model 

parameters

(B3)  Investigate, 

purchase, and adapt 

simulation and analysis 

equipment

(B8.3)  Model crack 

reflection and 

calibrate

(C3.2)  Lab testing

(C4.2)  Verify crack 

reflection

C EMPIRICAL VERIFICATIONB MECHANISTIC MODELLING

D1 COLLATON

(B2)  Investigate 

appropriate existing 

contact stress

(B8.2)  Model and 

calibrate load 

transfer

(B5)  Develop Traffic 

Load Model

(C1.3)  Identify road 

sections for 

embedment

(C2.3)  Assess,  test 

and sample

(C3.3)  Lab  

evaluation

(C4.3)  Verify load 

transfer/embedment 

(macro-texture)

(B4)  Develop 

Behavioural Model

Modeling 
(System, 
Response 

and 
Damage) 

Verification 
and HDM 



Preview: Design Process in SAPDM 
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Seal Design preview (subject to 
change) 
 Seal design will be based on the current  TRH3 

platform 
 TRH3 Modules will be replaced /improved by SAPDM 

seal models as applicable and evolve 
 
 SAPDM seal system will be used to improve: 
 

Effect of Aggregate spacing per seal type - interlock 
(friction) in reducing embedment (Mat behavior) 
 Improve embedment model : less  embedment = 

more load before texture is lost 
 

Effect of existing macro-texture 
Wave length and amplitude –determine  voids 

requiring additional binder 
 



Seal Design preview (subject to 
change) 

 ELV’s  determination (per pavement type) based on 
RESPONSE and DAMAGE  

Minimum binder volumes 

Adhesive failure for minimum binder applications 

 Temperature for winter sealing 

Adhesive failure 

 Flushing/loss of texture (punching) 

Volumes of voids lost (texture or in the seal) 

 Climate   

Binder selection – Applicable DSR parameters 

 



Seal Design preview (subject to 
change) 

 Ageing  

Applicable DSR parameters  

Binder selection –  reflect effect of climate 

(Ageing : Seal design focusses on the early 
period when adhesion is critical, and texture 
depth loss as seal is trafficked) 

 

 On Line system based on the current TRH3 curves with 
adjustment factors 

 Expert system to ensure sanity check 

 Can determine binder application sensitive to geometry 
and microclimate 

 



Contribution to SAPDM 

 SAPDM seal response and damage curves to 
Godzilla  

 SAPDM cracking initiation, propagation and    
reflection  and permeability model to 
Godzilla  

 HDM (HDM calibration factors per binder) 

 



Verification and HDM 

 

 Gerrie van Zyl (My Cube) 
 



Crack Initiation & Progression 
(HDM) 
 Importance 

 

 

 

 

 New Surfacings on Granular base 

 Function of Climate, base type, SNP & E80s 
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Crack Initiation & Progression 
(HDM) 

 There IS a difference between seal types 

Seal type (geometry) 

Binder type 

Film thickness  

 Goal 

Quantify difference through HDM calibration 
factors 

Seal type category 

Climatic zone 



Field assessment input  

 70 Samples 
 6 Surfacing types 

 Single seal 

 13/6 Double 

 19/9 Double 

 19/6/6 Split 

 13 Cape seal 

 19 Cape seal 

 2 Binder types 

 80/100 

 SE-1 

 5 Macro Climatic  

 4 Traffic ranges 

 5 Age categories 

• Stiffness measurement  
– 4 Point beam test 

– Stiffness at different temp 

Seal 

Geometry 

MODEL SEAL 

STIFFNESS 
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• Binder 
measurements 

– Softening point 

– Penetration 

 

• Permeability measured  

• Initial binder quality  

• ROC measured  



Crack initiation 

 Seal fatigue cracking  function of: 

Seal stiffness development 

Binder Fatigue properties 

Base stiffness (Radius of curvature) 

Traffic loading 

 Correlate 

Binder hardening with 4PB seal stiffness 

Observed crack initiation with 4PBfatigue 

 

 Cumulative damage to 

fatigue 



Binder hardening 

 Different for  

Different seal types 

Age 

Climatic zones 

Binder type and initial 
quality (properties) 

 

 Results 
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Quantifying Stiffness & Fatigue 
Characteristics 

 Romei Cloete (SU M Student) 



Marvil Permeability 

 Only proportion through to base 

 

Single 

13/6 Double 

19/6/6 Double 

19 Cape Seal 

Slabs cracked during  

Marvil preparation 

Core permeability  

(US now busy) 



Crack assessment vs ROC 



  

 Johan Gerber 

Verification and HDM Verification and HDM 

Seal System 



Tyre loading & traffic loading   



Mechanistic Seal Model  

 X-ray 2D computer tomography model 
process 
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Performance Model  

 Performance measured in: 

Adhesion failure [ravelling/stripping] 

Cohesion failure  [fatigue/cracking] 

Embedment failure
 [punching/bleeding] 

 Performance model variables overview 

 

 
 

     
 

 



Improved Damage Models for 
Bituminous Materials: Bituminous 
Materials 

 

 Estimé Mukandila 

 

 

 



Integration Between Different 
Components Of Seal Project 



Deliverable of material 
characterisation and modelling 



Apparatus and Accessories 

 Accessories 



Binder Characterisation  
Binder Characterisation (B3)
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Figure 1.3: Prony series

E1: PROJECT MANAGEMENT



Current Progress on Bitumen 
charaterisation 
 General aging trend using G* 

   

 

 



Bitumen Charaterisation 

 General aging trend using δ 
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Adhesion model 

• Adhesion Model   

   

 

 



Cohesion model 

• Fatigue Model  Cohesion 
Model 

   

 

 



Progress 



Whats coming next? 

 Full single seal system 

– Binder types and application 

– Base types 

– Traffic 

– Environment 

– Ageing 

– Aggregate types and application 



Thank you 


