


Road Economic Analysis Tools in RSA
Up to 1994... Since 2000
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The HDM 4 Predecessors



The ISOHDM Study – HDM-4

• Internationally sponsored
• Objectives

– Update the knowledge and technology
– user friendly 
– use in funding agencies & road authority PMS

• Was in progress for 7 years (1995 to 2002)
– technical studies
– software development and testing
– software release, support and training

• PIARC leading the implementation phase
– HDMGLOBAL from Version 2
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Asset reports
• tabular
• distance charts
• time charts
• summary graphs
• maps

Investment
Analysis reports
• summary
• detail
• graphical
• map-based

Policy
studies

Network 
strategies

Works 
programs

Project
evaluations

Asset
performance

feedbackinvestment 
study results

Works 
Programming

Network 
Performance  

Analysis

Road Asset Data Decision Support Tools

location reference
inventory
condition

traffic

Research
Studies

Reporting Tools Investment Studies

Strategic
analysis

Policy research

Project
Evaluationmodel default data

model calibration

planning data
network policies
works standards

Custom queries

financial data
geospatial data

Performance
reports
• asset state
• financial
• user impact
• value for money

HDM-4 in the Decision Framework



Levels of HDM Technology

Knowledge Base

Models
Software

RUE SEERDWE

Models



Analysis Tools

Project Program Strategy

File Converter

transfer data
to external 
systems

Model libraries 
can be used in 
other systemsCore Data

Vehicle Fleets
Road Networks

Road Works
Projects

Programmes
Strategies

External
Systems

Databases, 
PMS, etc.

HDM-4 System Architecture

RDWE : Road Deterioration and Works Effects
RUE : Road User Effects
SEE : Safety, Energy and Environmental Effects
PMS : Pavement Management System

RUE SEERDWE

Models

Road
Network

Vehicle 
Fleet

HDM 
Config.

Data Managers

Road
Works



HDM Knowledge Base - Manuals



























Local Calibration of HDM-4
• To ensure international application HDM a high degree

of transferability across technological and climate
conditions needed to be build into the models.

• Not all factors could however be incorporated:
– Was not measured during model development studies
– Would have made models to complex
– Effects could not be quantified in data ranges observed

• For these reasons calibration to local conditions is both
sensible and desirable.
– Data Inputs – Correct interpretation of data inputs
– Calibration of Outputs – Adjusting model parameters to

enhance correlation between forecasts and observations



Calibration Hierarchy of Effort

General Planning
Quick Prioritisation

Preliminary Screening

Coarse Estimates

Field Surveys

Experimental
Surveys and

Research

Desk Studies

Resources
Required

Time Required

Weeks

Months

Years

Limited Moderate Significant

Project Appraisal
Detailed Feasibility

Reliable Estimates

Research and
Development



36 out 160



25 out 159



Data vs Calibration

• Need to appreciate importance of data over 
calibration

• If input data are wrong why worry about 
calibration?

Data

Calibration

'The Depth of the Sea and
the Height of the Waves'







HDM Road 
User Effects



















Road Side Friction



















South African Pavement Design
Method

(SAPDM)



Why is Revision of SAMDM Required ?
• Summary

– Road Deterioration
• Classical ME design method - single estimate of bearing capacity - no lifecycle model
• Critical layer approach – distress mechanisms disconnected
• Separated resilient response and damage models

– Material resilient response
• Recommended Mr and Poisson’s Ratio values

– Conflict between slow (Deflectograph) and dynamic  (FWD) test results
– Road User Life Cycle Costs

• Not Included

• Users are disillusioned with the method
– Counter-intuitive and inadmissible results
– Extreme sensitivity of the method to input data
– Inconsistent input

• Resilient response (FWD, MDD, Laboratory)
• Strength parameters

• Statements made that ME-design is not possible due to:
– Too many unexplained effects (chaos)
– Getting the right answers for the wrong reasons (i.e. correctly predicted expected life, but wrong layer failing !) 

• New Technology
New Tire Technology

Increased Tire Pressure



• Appointment of Main Service Providers – September 2008

SAPDM Revision – Current Status

Information systems and software

SANRAL SAPDM

SC van As Traffic
Engineering

Pavement Modelling
Corporation

CSIR Built
Environment

SAPDM A-2
SCvA

Traffic

Materials

Analysis and simulation

SAPDM A-2
SCvA

SAPDM A-3
SCvA

SAPDM E-2
SCvA

SAPDM ILP
HLT

SAPDM B-1a
HLT

SAPDM B-4
HLT

SAPDM C-3
HLT

SAPDM D-2
HLT

SAPDM D-3
HLT

SAPDM E-3
HLT

SAPDM A-1
MdB

SAPDM A-1
MdB

SAPDM A-4
WS

SAPDM B-1b
BV

SAPDM B-1c
MM

SAPDM B-2
JM

SAPDM B-3
?

SAPDM C-1
JM

SAPDM C-2
WS

SAPDM D-1
BV

SAPDM E-1
PPG



SAPDM – Investigation Process Flow

AMS available data:

Operating conditions

Geometry

Pavement structure

Materials

Traffic

Instrument Survey

Visual condition

SAPDM Information systems: 

Traffic Volume/Axle load
- WIM Data

Contact stress
- SIM Data

Environment
- Temp/Rainfall/Moisture 

Materials
- Typical Values “Asbuilt” 

- Field Variations

Available Data
Project level

No

YesNo

Project Level Data Input
Data validation and 
processing:

Analysis sections:
• Visual condition
• Deflection parameters
• Profile (Rut and RQ)
• Laboratory data
• DCP data
• …

Homogeneous sections:
• Back-calculation
• DCP analysis
• Material classification
• Pavement number
• Condition classification
• …

Uniform Sections

Project Level Testing: 
•Visual

•Traffic (Count/WIM)
•FWD Project Level

•DCP
•Test Pits
•Lab Tests

•DCP, Test Pits, 
•etc

Statistical Test Criteria: 
•Prescribed list of tests
•Prescribed Frequency

AMS Data validation 
and processing:

Analysis sections:
• Visual condition

• Deflection parameters
• Profile (Rut and RQ)

• …

Risk Profile: 
•Road Category

•Traffic
•Climate
•Client

Problem fully 
characterised?

Output

Uniform section report: 
•Condition classification

•Cause of distress
•Material classification

•Remedial Options
•ME Simulation Inputs

Performance 
Simulation 



Deterioration models 
(empirical / ME):

Cracking

Rutting

Ravelling

Potholes

Edge-break

Roughness

Texture/skid 
resistance

….

Intervention 
Criteria and 

works effects

Design Investigation 
Inputs

Pavement model: 

HDM-4 type (SN or PN)

and

Mechanistic (MLLE)

and

Concrete / Block

Recursive increment step
Adjust parameters for:

• Operational conditions
• Deterioration
• Works effects

Output:

Condition and 
deterioration for 

recursive increment

Maintenance and 
rehabilitation 
interventions

SAPDM – Performance Simulation Process Flow

Life-Cycle Economic Analysis:

Maintenance Cost, Road User Costs, Traffic 
Accommodation Costs, etc

Auto Calibration

Historic Performance

Recommended Action



Primary Pavement Response Model

Layer thickness
model

Thickness specification
Construction

quality control

Material model
coefficient selector

Aggregate grading
Filler type and content

Load pulse
duration model

Air voids (volume)

Reference
temperature

Layer and sub-layer thickness

Initial stress
model

MLLE or FEM

Number of layers

HMA resilient response model
• Mix design
• Ageing
• Frequency/load pulse duration
• Temperature
• Damage

E*, ν

Environmental temperature
model

• Historical records

Project location

ε
0

Environmental
and spatial variation
information system

HMA
temperature

model

Materials
design input
information

system

Effective binder content
(volume)

Thermal conductivity

Ageing model

Original binder viscosity
Initial air voids

Depth
in layer

Mean Monthly Ambient
Temperature

Daily
minimum

temperature

Daily
maximum

temperature

Thermal expansion
coefficient

Depth in layer

Binder
viscosity

Reference
temperature

HMA
temperature
at depth

HMA
temperature

at depth

Binder
viscosity

Resilient
response
model
coefficients

Load pulse
duration

M
e
, ν

HMA fatigue model
• E*
• ε

h
@ M

e
• N, ∆N

HMA plastic strain model
• Temperature
• ε

v
@ E*

• N, ∆N

Damage model
coefficients

E*

ε
h

@ M
e

Temperature

ε
v

@ E*

Vehicle
speed

Layer
thickness

Vehicle loading input:
Wheel load and

contact stress modelsVehicle loading input:
Heavy vehicle speed

model

Vehicle loading input:
Static axle load and
HV volume model

Axle count for
time increment, ∆N

Steering, single,
tandem and tridem
axle count ratios

∆M
e

∆ε
p

HMA

Contact patch geometry
Contact stress profile

Load-centre coordinates
Analysis offsets

Sub-layering
model

Depth
in layer

Time

E-1

C-3

B-1b

C-3

C-3C-3

E-1

B-4

E-3

D-1

D-1
B-1b

SAPDM – Performance Simulation – Asphalt 



SAPDM Considered Costs ?



Thank You
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