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Background 

• Manual 9 and 10 
published 1992

• Based on 3-year study 
(98 road sections)

• Some aspects 
�Still valid 
�Outdated

Background



Updating Manual 9 and 10

• Revisit initial study documentation
• Reassess old sites
• Feedback from industry
• 40 New sites
• Update document

�Risks
�Surfacing selection
�Costs
�Warrants for upgrading



New Manual 10 
• Introduction
• Surfacing of unsealed roads

�Main considerations
�Levels and standards of upgrading
�Principles of pavement performance

• Selection of appropriate surfacings
• Definitions of surfacing types
• Prime coat need and selection
• New construction surfacings

�Temporary seals & deviations
�Forestry roads and nature reserves
�Footways and cycling lanes



New Manual 10 
• Appropriate standards

�Design
�Materials
�Construction

• Surfacing Costs
• Maintenance planning and management

�Reseal selection
�Seal maintenance
�When to reseal

• Warrants for upgrading
�Simple economic calculations
�Available software
�Multi-criteria analysis 



Need for surfacing

• Economic
• Social
• Environment
• Government 

strategies
• Quality of service 

delivery
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80% of Road Network 

20%  



Upgrading guidelines
 



Upgrading guidelines

Road bed formation

Compacted in-situ 

subgrade and, fill

Subbase

CL

BaseNatural in-situ 

subgrade

hmin

Natural ground level

Side drain

Natural 

ground level

dmin

Bituminous 

surfacing

Traffic Class 
grouping

Approximate 
AADT with 10% 
Heavy vehicles 

(Both Directions)

hmin

Dry Climate 
(Weinert N>5)

Moderate Climate
Weinert N (2-5)

Wet Climate
Weinert N <2

ES 0.003 – ES 0.01 < 200 250mm 300mm 350mm

ES 0.03 – ES 0.1 200 – 400 350mm 400mm 450mm

ES 0.1 – ES 0.30 >400 450mm 500mm 550 mm



DEFINITIONS

BITUMINOUS SURFACINGS

Asphalt overlays 

Spray 

Seals

Surface 

dressings

Slurry 

Seals

Combination 

Seals

Micro 

Surfacings
Thick overlays > 

30mm

Thin overlays < 

30mm

HMA CMAWMA UTFC
Sand 

Asphalt

HMA

WMA 

CMA

Single Stone  

Seal

Sand/ Grit Seal

Graded 

Aggregate Seal

Multiple Stone  

Seal



Surfacing strategies
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Climate risks

-5

0

5

10

15

20

25

Jan Feb Ma Ap May June Jul Aug Sept Oct Nov Dec

T
e

m
p

e
ra

tu
re

 (
C

e
ls

iu
s)

Month

Average Minimum Temperature (Coastal)

Durban

Cape Town

Mosselbaai

PE

-5

0

5

10

15

20

25

Jan Feb Ma Ap May June Jul Aug Sept Oct Nov Dec

T
e

m
p

e
ra

tu
re

 (
C

e
ls

iu
s)

Month

Average Minimum Temperature (Inland)

Sutherland

Upington

Bela Bela

Bloemfontein



Initial Surfacing Selection: 

Thin 

sand/ Grit

Thin 

Slurry

Thick 

graded 

sand

Single 

seal

Single 

plus 

sand seal

Double 

stone

Single 

Otta plus 

sand

Double 

Otta

13 Cape 

Seal

19 Cape 

Seal

SB 

Macadam

Thick 

Microsurfa

cing

Sand 

Asphalt

Thin 

Asphalt

Thick 

Asphalt

Suitability for labour 

Intensive construction

Risk of poor maintenance 

capability

High skid resistance 

required

Early road marking 

required

Suitability for turning 

actions

Sensitivity to gradient

Sensitivity to Urban 

drainage

Very Good Good Reasonable High Risk/ Not suitable

Double/ Comination seal strategyThin seal/ phased strategy Microsurfacing/Asphalt Strategy



Temporary deviations
Duration of 

temporary deviation 
(months)

Traffic Volume

500 vpd 2 500 vpd 10 000 vpd

1 Gravel (DP) DP DP
2 Gravel (DP) S1 S1
3 DP S1 S1

4 to 5 S1 S1 S2
6 S1 S1 S2
7 S1 S2 Asphalt

8 to 9 S1 S2 Asphalt
10 – 12 S1 Asphalt Asphalt
13 - 24 S2 Asphalt Asphalt

Notes:
Gravel - Properly compacted wearing course (Refer TRH20)
DP - Dust Palliative 

Both bituminous with sand or chemical products could work
S1 - Single seal with cover spray and preferably with sand 

blinding or  Thick graded sand
S2 - Multiple or combination seal type e.g.

Stone and Grit seals (9,5 or 13,2 mm plus grit)
Stone and slurry combination (9,5mm plus slurry )
Otta seals



Material standards

• Binders - No reduction in standards 
recommended

• Aggregate (Appropriate for LVSR) e.g.
�10% FACT  (150 for < 200vpd) (180 for up to 500 vpd)
�PSV (45 up to 500 vpd)
�ALD – target values (COLTO) reduced
�Grading of seal aggregate (Grade 3 COLTO acceptable)
�Flakiness (Grade 3 COLTO acceptable)
�Sand equivalent (Reduced - Dependant of seal type)



Construction

• Main reasons for poor performance
�Poor base construction
�Poor joint construction
�Transverse distribution
�Too low binder content
�Quality control



Nozzle angles

Observed

Transverse distribution



Nozzle alignment

Observed



Poor Longitudinal Joints

Main Cause ?
•Construction

Longitudinal joints



Longitudinal Joints

• Damage caused
�Chip spreader wheel 

running on bitumen 



Stringline could help

Longitudinal joints



Longitudinal joint overlap

200 mm overlap in 
case of triple overlap



Poor transverse distribution

Observed

Too low binder application Too high binder application

Transverse distribution



Tramlines
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Transverse Joints

Recommended

Observed



Over application of single sized aggregate

Impact

30% of ALD

30% of ELT

Flaky Aggregate “In Contact” – high spread rate Flaky Aggregate on ALD “In Contact”

30% of ALD

30% of ELT

Flaky Aggregate “In Contact” – high spread rate Flaky Aggregate on ALD “In Contact”



Impacts of wrong surfacing



QA on Slurry bound

New
9 years



Cost of bituminous surfacings

0 20 40 60 80 100 120 140 160

Small Close

Small Far

Average

Large Close

Large Far

% of Average 13mm Seal costs

Proportional costs for 13mm Single seal (80/100 Pen Bitumen)

Aggregate cost

Aggregate haul

Equip Establishment

Construction

Binder deliver &apply

Binder costs

Labour



Relative costs (Simplified cost model)

Type of surfacing Binder Cost ratio

Single seals 13,2 mm (precoated) Penetration grade bitumen 1
Bitumen rubber 1.49
Polymer-modified bitumen 1.25

13,2 mm + fog spray Emulsion 65% 1.11
13,2 mm + fog + sand Emulsion 65% 1.52

Latex emulsion 1.61
9,5 mm (pre-coated) Penetration grade bitumen 0.92

Polymer-modified bitumen 1.08
9,5 mm + fog spray Emulsion 65% 1.01
9,5 mm + fog spray + sand Emulsion 65% 1.24

Latex emulsion 1.41
6,7 mm (pre-coated) Penetration grade bitumen 0.6
6,7 mm + fog spray Emulsion 65% 0.87

Sand seals Sand seal (single) MC 3000 0.69
Emulsion 65% 0.73

Sand seal (double) MC 3000 1.4
Graded aggregate seals 10 mm graded coarse sand 

seal
MC 3000

1.16
Single Otta and Sand seal MC 3000 1.8
Double Otta seal MC 3000 2

Slurry/ Microsurfacing Fine slurry (3 mm) 0.87
Coarse slurry (6 mm) 1.32
Rapid setting coarse slurry (10 
mm) 2.1

Double seals 13,2 mm + 6,7 mm Penetration grade bitumen 1.43
Polymer-modified bitumen 1.82

19,0 mm + 9,5 mm Penetration grade bitumen 1.6
19,0 mm + 6,7 mm Split application Polymer-

modified



Binder cost increase (12-14% pa)
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Detailed cost model

• Seal type
• Binder type for 2 layers
• Area to be surfaced at a time
• Distance from binder depot
• Haul distance of aggregate
• Expected surfacing production rate
• Distance of surfacing team establishment

Note: Taxes, traffic accomodation, risks etc not 
included



Main binder distribution depots



Warrants for upgrading

• Simplified model for manual calculation
• Available software

�HDM4
�RED (Roads Economic Decision Model)
�Super Surf



Warrants for upgrading (Simple model)



Multi-Criteria analysis

• Principles to incorporate difficult quantifiable 
parameters e.g.
�Social
�Environmental

w1 w2 w3 w4 w5

Maximum Area = 1.0

h5
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h1

1.0
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Way forward

• Draft for review (Week 16 th May 2011)
• Feedback as soon as possible (Max mid 

June) gerriev@mycube.co.za
• Final adjustments
• Publishing



THE END


