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DISCLAIMER 
 

While considerable effort has been made to ensure the accuracy and reliability of the information contained in this 
publication, no warranty, assurance or representation is made in respect of fitness for purpose. Furthermore, neither Sabita 
nor any of its members can accept liability for any loss, damage or injury whatsoever resulting from the use of this 
information. 

The user of this manual is deemed to have the necessary knowledge, skill and judgment to design bituminous surfacings and 
to exercise the necessary care and diligence in the application of this knowledge, skill and judgment  The information in this 
publicaǘƛƻƴ Ŏŀƴƴƻǘ ǎǳǇǇƭŀƴǘ ǘƘŜ ǳǎŜǊ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴΩǎ ƪƴƻǿƭŜŘƎŜΣ ǎƪƛƭƭ ŀƴŘ ƧǳŘƎƳŜƴǘ ōŀǎŜŘ ƻƴ ǘƘŜ ǎǇŜŎƛŦƛŎ ǎƛǘŜ ŀƴŘ 
ƳŀǘŜǊƛŀƭ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǎǘŀǘŜ ƻŦ ǘƘŜ ŀǊǘ ŀƴŘ ǘƘŜ ǳǎŜǊΩǎ ŜȄŜǊŎƛǎŜ ƻŦ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ŎŀǊŜ ŀƴŘ ŘƛƭƛƎŜƴŎŜ ƛƴ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘis 
knowledge, skill and judgment. Hence neither Sabita nor any of its members can accept liability for any loss, damage or injury 
whatsoever from the application, or failure to apply such knowledge, skill and professional judgment with the necessary care 
and diligence by the user of the information in this publication. 

¢ƘŜ ŀōƻǾŜ ŜȄŎƭǳǎƛƻƴǎ ŀǇǇƭȅ ƛǊǊŜǎǇŜŎǘƛǾŜ ƻŦ ŀƴȅ ǊŜŦŜǊŜƴŎŜǎ ƛƴ ŀƴȅ /h¢h ŘƻŎǳƳŜƴǘ ǘƻ ŀƴȅ ƻŦ {ŀōƛǘŀΩǎ ƳŀƴǳŀƭǎΦ 

 

Copyright Notice: This document and the contents of these pages are the Southern African Bitumen Association (Sabita). The 

contents may be reproduced in whole or in part for the purpose of implementation of the systems described herein, provided 

that the source is acknowledged.  All other rights are reserved.  Any other use requires the prior written permission of Sabita.. 
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SERIES NAME 

SABITA Manuals comprise a series of publications that provide guidelines on various aspects related to flexible 

pavement engineering. The documents are primarily aimed at ensuring uniform application of best practice 

methods and procedures throughout South Africa.  Users of the documents must ensure that the latest editions 

or versions of the document are used. When a document is referred to in other documents, the reference should 

be to the latest edition or version of the document.  Any comments on the documents will be welcomed and 

should be forwarded to SABITA. When appropriate, such comments may be incorporated in future editions of 

the document. 

SYNOPSIS 

SABITA Manual 40 provides backgrounds, concepts, guidelines and procedures to assist practitioners with the 

selection, design and construction of bituminous road surface treatments on roads. This manual provides 

updates to TRH3 (2007) Design and Construction of Surfacing Seals and replaces the existing Manual 10 and 

Manual 28. 

MANUAL 40 COMPRISES OF THE FOLLOWING EIGHT PARTS:   

¶ Part A: General, page 5  

¶ Part B: Materials, page 43 

¶ Part C: Performance, page 69 

¶ Part D: Seal type and binder selection, page 109  

¶ Part E: Design, page 186  

¶ Part F: Construction, page 271 

¶ Part G: Quality Assurance, page 326; and 

¶ Part H: Repair of premature failures, page 358 
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Figure A 12  Thick graded aggregate seals ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 

Figure A 13  Single Seals ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 

Figure A 14  S2(20/10) and S2(14/7) with 1 ½ configuration ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Figure A 15  Stone + 1/3 combination ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 

Figure A 16  Full double seal configuration ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Figure A 17  Split application double seal ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 

Figure A 18  Cape Seals ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Figure A 19  Slurry-Bound Macadam Seals ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 

Figure A 20  Slurry and Microsurfacing Applications ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 

Figure A 21  Inverted, Geotextile and Choke Seals ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 
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A.1 INTRODUCTION 

A.1.1 CONTEXT    

 

Manual 40 comprises eight parts: 

¶ Part A: General (This document) 

¶ Part B: Materials 

¶ Part C: Performance 

¶ Part D: Seal type and binder selection 

¶ Part E: Design  

¶ Part F: Construction 

¶ Part G: Quality Assurance 

¶ Part H: Repair of premature failures 

 

A.1.2 OBJECTIVES 

PART A provides a background to the purpose and functions of surface treatments, the development of the 

local seal design method and a summary of typical seals used in South Africa. General terms and definitions, 

applicable to surface treatments are provided. 

 

A.1.3 SCOPE 

Important aspects relating to the design of different seal types are addressed under the following headings: 

A.2 Definition, functions and basic requirements 

A.3 Evolution of seal design in South Africa 

A.4 South African Environment 

A.5 Surface treatment types 
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 A.2     DEFINITION, FUNCTIONS AND BASIC REQUIREMENTS 

A.2.1 DEFINITION 

Bituminous surfacings could be divided into surface treatments and asphalt overlays. The surface treatments, in 

turn, could be further divided into sprayed seals, slurry seals and combination seals.  

In its simplest form a sprayed seal consists of a coat of bituminous binder sprayed onto the road surface which 

is then covered with a layer of aggregate (stone or sand).  The aggregate cover is applied immediately after the 

binder has been sprayed and then rolled to ensure close contact and thus good adhesion between the aggregate 

and the binder film. Rolling initiates the process of orientating the particles into a mosaic pattern and working 

the binder into the voids between the aggregate particles.  The process is completed by the action of traffic, so 

that finally a dense and relatively impermeable pavement surfacing is obtained. 

Slurry seals consist of a mixture of crusher dust, bitumen emulsion, an active filler, water and chemical additives 

(in case of microsurfacings) to control the rate of curing. 

A combination seal consists of a single seal or single sized aggregate matrix, with the voids filled with a fine 

graded slurry. 

 

Figure A 1  Bituminous Surfacing Types 

The different seal types are described in Section A.5. 

The main functions of a surface treatment are to: 

¶ Provide a waterproof cover to the underlying pavement 

¶ Provide a safe all-weather, dust-free riding surface for traffic with adequate skid resistance 

¶ Protect the underlying layer from the abrasive and destructive forces of traffic and the environment. 



MANUAL 40:  DESIGN AND CONSTRUCTION OF SURFACE TREATMENTS 

 

11 

 

Where appropriate, slurry seals are used for rut-filling or to improve the riding quality of the road by smoothing 

out small irregularities. 

Since most seals are relatively thin, they have no load distribution properties, whereby stresses in underlying 

layers are significantly reduces.  However, the seal itself should be able to accommodate the horizontal and 

vertical traffic-induced stresses, not to shear or lose aggregate. 

 A.2.2 BASIC REQUIREMENTS 

A.2.2.1 Skid Resistance 

{ƪƛŘ ǊŜǎƛǎǘŀƴŎŜ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŀ ǊƻŀŘ ǎǳǊŦŀŎŜ ǘƻ ǇǊŜǾŜƴǘ ŀ ǾŜƘƛŎƭŜΩǎ ǘȅǊŜǎ ŦǊƻƳ ǎƭƛŘƛƴƎ while the 

vehicle performs typical operational manoeuvres such as turning or braking. Since skid resistance plays a role in 

determining how a vehicle will respond to sudden braking or turning at speed, it is related to road safety and 

accident potential. As such, it is one of the most important features to consider during surface treatment 

selection and to monitor the performance as part of road network surveillance operations. 

Road accidents are caused by many factors such as driver behaviour, vehicle and tyre characteristics, vehicle 

speed, climatic conditions and roadway characteristics (which includes skid resistance properties). 

Equipment used for measuring skid resistance are: 

¶ Side-way Force Routine Investigating Machine (SCRIM) 

¶ Grip tester 

 

Figure A 2  SCRIM 

A smooth thread tyre is dragged at a 20° angle to the direction of travel on a water wetted surface at a speed of 

50 or 80 km/h. The friction value is calculated by the force at which the test tyre tries to straighten from the 20° 

angle. The higher the friction value, the better the skid resistance. 

Although no specifications exist for skid resistance in South Africa, international guidelines for different situations 

are provided in Table A 1 [3]. 

  

Suggested readings: 

Sections of PART A have been 

extracted from TMH13 [1]. More 

detailed information could be 

obtained from this document  
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Table A 1  Skid Resistance Investigatory Levels 

Site category and definition 
Investigatory levels (SFC) 

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 

A Motorway                 

B Dual carriageway non-event                 

C 
Single carriageway non-
event                 

Q 
Approaches to and across 
minor and major junctions, 
approaches to roundabouts                 

K 
Approaches to pedestrian 
crossings and other high-risk 
situations                 

R Roundabout                 

G1 
Gradient 5 - 10% longer than 
50m                 

G2 
Gradient > 10% longer than 
50m                 

S1 
Bend radius < 500m - dual 
carriageway                 

S2 
Bend radius < 500m - single 
carriageway                 

Notes:  

¶ The Side-way force coefficient values given in Table A 1 are not specifications, but merely trigger values 
to identify potential improvement projects and to assist with the selection of appropriate surfacing 
types 

¶ The darker shaded cells or range indicate the recommended SFC with the lighter shaded cells the 
suggested minimum 

Typical SFC values for different surface treatment types, as measured on an existing road network in South Africa 

[3], are provided in Table A 2. The measured values confirm that surface treatments could provide sufficient skid 

resistance in any situation. 

Table A 2  Typical SFC Values for In-Service Surface Treatment Types 

Surfacing type Condition Binder type 
Range of results 

at 50km/h 

Typical 

average 

Coarse slurry Sound Modified 0.6 - 1.00 0.8 

7 mm Single seal Sound Conventional 0.51 - 0.87 0.7 

10 mm Single seal Sound Conventional 0.36 - 0.64 0.5 

14 mm Single seal 

Sound Conventional 0.29 - 0.65 0.5 

Sound 

Bitumen 

rubber 
0.50 - 0.66 0.55 

20 mm Cape seal 

Sound Conventional 0.56 - 0.80 0.65 

Severe 

bleeding Conventional 
0.07 - 0.39 0.2 

Skid resistance is influenced by two key components of surface texture: microtexture and macrotexture and 

are described in the following sub-sections. 
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A.2.2.1.1 Microtexture 

Microtexture is provided by the irregularities on the surfaces of road surface aggregate. It increases friction by 

creating momentary molecular bonding (known as adhesion) between the tyre and aggregate surfaces. The 

smoothness or harshness of aggregate and sand in the road surface are the key elements that cause and influence 

microtexture. 

Microtexture is important at most vehicle speeds, and in wet and dry weather. At low speeds, microtexture is 

the primary contributor to skid resistance. However, microtexture will reduce significantly as the water film 

between the tyre and road surface increases, and the role that microtexture plays in skid resistance thus depends 

on how much water can be dispersed by the tyre tread and macrotexture. 

A.2.2.1.2 Macrotexture 

Macrotexture is caused by protruding aggregate (in the case of surface seals and asphalt) and by grooves or 

textures (in the case of concrete) in the road surface. Therefore, it is primarily influenced by design and 

construction aspects of seals, asphalt and concrete surfacings. 

Macrotexture contributes to skid resistance in two ways: (a) it deforms the tyre, thereby leading to energy loss 

(known as hysteresis); and (b) it provides the grooves and unevenness needed to rapidly disperse surface water 

at higher speeds. At vehicle speeds of more than 100 km/h, macrotexture is the dominant factor in determining 

skid resistance. 

Macrotexture is often referred to simply as texture depth, and different tests are designed to quantify 

macrotexture: 

a) Volumetric Texture Depth (VTD) 

In this method as described in SANS 3001-BT11, 50 or 100ml material (sand or glass beads) is spread out with a 

rubber pad in an approximate circular patch so that only the tops of the aggregate particles are just visible. The 

VTD is than determined by dividing the volume by the area. 

 

Figure A 3  Circular Sand Patch 
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b) Mean Profile Depth (MPD) 

High frequency laser measurements provide a two-dimensional profile from which the MPD is calculated. 

 

Figure A 4  Mean Profile Depth Calculation 

PIARC (1995) [4] developed an equation to relate texture depths obtained from texture profilers, referred to as 

Mean Profile Depth (MPD), and those measured using the volumetric patch method. MPD is transformed to an 

estimated volumetric texture depth (ETD) by applying the following equation: 

ETD = 0.2 x 0.8 MPD 

However, a study in South Africa [5] suggest the following transformation 

ETD = 1.35 x MPD 

 

Figure A 5  Correlation between MPD and ETD 

Note:  Different specifications exist for the material used to determine the volumetric texture depth (VTD) 
e.g. glass beads and sands with different grading specifications. These variances could result in up to 4% 
difference in the calculated VTD. 
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c) Mean Texture Depth 

Three-dimensional scanning of a road surface provides a profile, from which the mean texture depth over a 

selected area is calculated. 

 

Figure A 6  Three-Dimensional Scanning and Calculation of Mean Texture Depth (MTD) 

Typical in-service volumetric texture depths as measured on a rural road network in South Africa are provided 

in Table A 3. 

 Table A 3  Typical in-Service Average VTD of Different Seal Types 

  

Surfacing Type 

Grit 7 mm 10 mm 14 mm 20+7+7 mm 20+10 mm 

Average VTD (mm) 0.9 1.2 1.9 2.5 1.8 2.2 

A.2.2.2 Road Noise 

Clause 8.3.1.4 of SANS 10328:2008 specifies that the noise level emitted by traffic on roads is to be determined 

in accordance with SANS 10210:2004: Calculating and predicting road traffic noise.  

The procedures for assessing environmental noise, in general, are outlined hereunder. 

In accordance with SANS 10328, the predicted impact that noise emanating from a proposed development would 

have on surrounding land is assessed by determining whether the daytime rating level, LReq,d, and/or the night-

time rating level, LReq,n, of the predicted ambient noise would exceed the typical rating level of noise on that 

land as indicated in Table 2 of SANS 10103. If the rating level of the ambient noise under investigation exceeds 

the typical rating level, it is probable that the noise is annoying or otherwise intrusive to a community exposed 

to the noise.  This excess is then related to the probable response of a community to the noise as indicated in 

Table 5 of SANS 10103.  Tables 2 and 5 of SANS 10103 are reproduced in part hereunder as Table A 4. Below. 
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Table A 4  SANS 10103:2008, Table 2 ς Typical Rating for Noise in Districts 

 

Type of district 

 

Equivalent continuous rating level (LReq.T) for noise, dBA 

Outdoors Indoors, with open windows 

Day-night 

LR,dna 

Day-time 

LReq,db 

Night-

time 

LReq,nb 

Day-night 

LR,dna 

Day-time 

LReq,db 

Night-

time 

LReq,nb 

 

a)   Rural districts 

 

45 

 

45 

 

35 

 

35 

 

35 

 

25 

b)  Suburban districts 

with little road traffic 

50 50 40 40 40 30 

c)   Urban districts 55 55 45 45 45 35 

d) Urban districts with 

one or more of the 

following: workshops; 

business premises; and 

main roads  

 

60 

 

60 

 

50 

 

50 

 

50 

 

40 

e) Central business 

districts  

65 65 55 55 55 45 

f) Industrial districts 70 70 60 60 60 50 

 

Table A 5  {!b{ млмлоΥнллуΣ ¢ŀōƭŜ р φ /ŀǘŜƎƻǊƛŜǎ ƻŦ Community/Group Response 

Excess (DLReq,T) a dBA 

Estimated community/group response 

Category Description 

0 ς 10 

5 ς 15 

10 ς 20 

>15 

Little 

Medium 

Strong 

Very strong 

Sporadic complaints 

Widespread complaints 

Threats of community/group action 

Vigorous community/group action 

 

A.2.2.2.1 Regulation 

In terms of Regulation 3(d) of the Noise Control Regulations (NCR): 

άbƻ ǇŜǊǎƻƴ ǎƘŀƭƭ ōǳƛƭŘ ŀ ǊƻŀŘ ƻǊ ŎƘŀƴƎŜ ŀƴ ŜȄƛǎǘƛƴƎ ǊƻŀŘΣ ƻǊ ŀƭǘŜǊ ǘƘŜ ǎǇŜŜŘ ƭƛƳƛǘ ƻƴ ŀ road, if it shall in the opinion 

of the local authority concerned cause an increase in noise in or near residential areas, or office, church, hospital 

or educational buildings, unless noise control measures have been taken in consultation with the local authority 

ŎƻƴŎŜǊƴŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƭŀƴŘ ƛƴ ǘƘŜ ǾƛŎƛƴƛǘȅ ƻŦ ǎǳŎƘ ǊƻŀŘ ǎƘŀƭƭ ƴƻǘ ōŜ ŘŜǎƛƎƴŀǘŜŘ ŀǎ ŀ ŎƻƴǘǊƻƭƭŜŘ ŀǊŜŀΦέ 
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Therefore, in areas where the predicted noise level associated with a new road or a change to an existing road 

exceeds 65 dBA, legislation requires that noise mitigation measures be implemented in order to ensure that the 

LReq,T on affected land will not exceed 65 dBA. 

The World Health Organisation (WHO) recommends a maximum outdoor daytime LAeq of 55 dBA in residential 

ŀǊŜŀǎ ŀƴŘ ǎŎƘƻƻƭǎ άin order to prevent significant interference with normal activities of local communitiesέΦ Lǘ 

further recommends a maximum night-time LAeq of 45 dBA outside dwellings [6]and [7]. No distinction is made 

as to whether the noise originates from road traffic, from industry, or any other noise source. These 

recommended maximum levels correspond to the typical daytime rating levels for ambient noise in an urban 

(residential) district referred to in Table 2 of SANS 10103. 

By contrast the NCR does not consider the land use and zoning of the adjacent land such as residential, 

educational, hospitals and places of worship and explicitly omits the most noise sensitive period between 

midnight and 06h00. 

It is considered important to note that the NCR are not in line with World Best Practice and that the 65 dBA limit 

specified in the NCR exceeds by a significant 10 dB the maximum level of 55 dBA recommended by the WHO and 

the SANS 10103 typical level in an urban district. Thus, compliance with the NCR limit of 65 dBA would still cause 

considerable annoyance to a community exposed to such noise. 

The disparities mentioned plus various other shortcomings experienced in implementing the NCR has resulted in 

these being extensively revised by the Department of Environmental Affairs and Development Planning of the 

Province of the Western Cape to bring the Provincial NCR in line with SANS 10103. The revised NCR have been 

published in draft form in Provincial Gazette 6412, 25 January 2007. 

In the revised form of the NCR the 65 dBA limit for road traffic noise is removed and replaced by the SANS 10103 

typical levels for the particular affected land. However, the existing NCR remain in force until promulgated in 

revised form. 

A.2.2.2.2 Influence of road surface texture 

During the rolling of a tyre over the road surface the weight of the vehicle produces a constant deformation of a 

ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǘȅǊŜ ŎŀƭƭŜŘ ǘƘŜ ŎƻƴǘŀŎǘ ǇŀǘŎƘΦ ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŎƻƴǘŀŎǘ ǇŀǘŎƘΣ ŀΣ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ǘȅǊŜ άǇǊƻŦƛƭŜέ 

type, tyre diameter and the inflated air pressure. For standard tyres fitted to passenger vehicles the patch length, 

a, varies between approximately 100 mm and 130 mm as illustrated in Figure A 7 ŦƻǊ ŀ мт ƛƴŎƘ ŘƛŀƳŜǘŜǊ άƴƻǊƳŀƭ 

ǇǊƻŦƛƭŜέ ǘȅǊŜ ŀƴŘ ŀƴ му ƛƴŎƘ άƭƻǿ ǇǊƻŦƛƭŜέ ǘȅǊŜΦ  

Superimposed on the constant deformation is an alternating deformation due to the macro texture, or profile, 

of the road surface. The texture wavelength, l, which is the distance between peaks or troughs of the profile, 

and the texture depth, h, determine the extent to which the tyre can be deformed. If the wavelength of the 

profile is very much shorter than the length of the contact patch the tyre rolls over the surface without following 

the road texture. In practical terms this implies that the wavelength must be less than 1/10th of the patch length. 

Thus, l < a/10. When the profile wavelength is much longer than the footprint the alternate deformation is also 

small. 
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Figure A 7  Tyre Contact Patch Lengths of Two-Wheel Diameters and Tyre Type 

Between these two extremes, when the profile wavelength is close to that of the contact patch length, the 

alternating deformation and hence noise producing vibrations of the tyre are maximised. 

The road surface texture descriptors related to tyre contact patch length are summarised in Figure A 8. 

 

Figure A 8  Texture Descriptors Related to Tyre Contact Patch Length 

Where: 

a = Contact patch length of tyre with road surface l = 100 to 130 mm for passenger vehicles 

l = Road texture wavelength ς distance between adjacent peaks 

d = Vertical displacement of the tyre wall within contact patch 

h = Road texture depth (Not volumetric texture depth, but ½ of the wave amplitude) 
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There is a close positive correlation between texture depth for texture wavelengths from 12,5 mm to 160 mm 

and rolling noise produced [6]. This is illustrated by the middle diagram of Figure A 8 for l > a/10 and approaching 

contact patch length, a.  

Translated into road surface design, for aggregate sizes larger than 12,5 mm an increase in the texture depth of 

the gaps between the contact surfaces of the aggregates will cause an associated increase in the level of tyre 

impact noise in the frequency range between 600 Hz and 1 000 Hz. It is the fundamental, physical reason why 

surfacing seals produce high levels of rolling noise, or conversely, are inherently unable to produce low levels 

of rolling noise. 

A.2.2.2.3 Impact on surface treatment selection and construction 

All of the following are to be implemented in order to minimise impact noise that is the major contributor to 

road noise: 

¶ The aggregate exposed to the tyres should be of constant size and, preferably not exceeding 8 mm. 

¶ The aggregates should have a cubical shape to ensure a flat exposed surface after rolling. Stone chips with 

irregular shape and sharp edges are to be avoided. 

¶ The aggregate particles must be closely packedΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άŘŜƴǎŜ ƳŀǘǊƛȄέ. 

¶ They must be well rolled to produce a smooth surface with the flat faces of aggregates exposed. 

Omission of any one of these requirements will result in an increase in the level of tyre impact noise. 
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A.3 EVOLUTION 

A.3.1 ORIGIN AND EVOLVEMENT 1935 TO 1985 

F.M Hanson [8], was the first to publish his work describing the rational design of single chip seals in 1935. Hanson 

introduced the concept of partially filling the voids in the covering aggregate and that the volume of these voids 

is a function of the Average Least Dimension (ALD) of the aggregate. 

5ǳǊƛƴƎ ǘƘŜ мфрлǎ ŀƴŘ мфслǎ ŦǳǊǘƘŜǊ ŘŜǾŜƭƻǇƳŜƴǘǎ ōŀǎŜŘ ƻƴ IŀƴǎƻƴΩǎ ǿƻǊƪ ǿŜǊŜ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƻŦ 

America, Canada, United Kingdom, Australia, New Zealand and South Africa. These developments incorporated 

additional variables such as aggregate gradation, pavement condition, traffic volume and type of bitumen binder. 

Correction factors were also incorporated for binder absorption, existing surface texture and aggregate 

embedment.  

A better understanding developed for the impact of aggregate properties such as grading, shape and durability, 

while research extended to investigate aggregate retention under varying conditions. The long-term monitoring 

of trial sections assisted in developing design algorithms to predict the future service life of seals. 

aƻǎǘ ƻŦ ǘƘŜ ŘŜǎƛƎƴ ƳŜǘƘƻŘǎ ǳǎŜŘ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀ ŜǾƻƭǾŜŘ ŦǊƻƳ IŀƴǎƻƴΩǎ ŎƻƴŎŜǇǘ ƻŦ ǇŀǊǘƛŀƭƭȅ ŦƛƭƭƛƴƎ ǘƘŜ ǾƻƛŘǎ ƛƴ 

the covering aggregate. However, the different provinces in South Africa each made adjustments to suit their 

particular traffic situations, materials and different climatic environments, resulting in four different design 

methods, each giving a different recommended application rate for a given situation. 

During the 1970s investigations by CP Marais [6] and C Semmelink [10] resulted in a rational design method to 

incorporate the existing road macro texture, embedment potential and aggregate wear. 

A.3.2 TRH3 (1986) 

The edition of the TRH3 (1986) [11] included the different design methods of the Provincial road authorities and 

the rational design method. Design variables included Equivalent Light Vehicles (ELVs), with 1 Heavy vehicle 

accounting for 20 Light vehicles, existing texture, embedment potential and climate. Further adjustments made 

allowance for binder absorption, steep grades and construction traffic.  

A.3.3 TRH3 (1998)  

The Committee of Local Transport Officials (COLTO) identified the need for revision of TRH3(1986) and initiated 

an investigation whereby only one standard method of seal design would be accepted by the industry of South 

Africa. 

Based on good seal performance in each South African Province, the philosophy adopted was that none of the 

ŘŜǎƛƎƴ ƳŜǘƘƻŘǎ ƎŀǾŜ άǿǊƻƴƎέ ŀƴǎǿŜǊǎ ŀƴŘ ǘƘŀǘ ŀƴ ŀŎŎŜǇǘŀōƭŜ bŀǘƛƻƴŀƭ ŘŜǎƛƎƴ ƳŜǘƘƻŘ ǎƘƻǳƭŘ ŀƭƭƻǿ ŘŜǎƛƎƴŜǊǎ 

to obtain similar application rates by applying local provincial approaches and preferences. 

The investigation into different preferred application rates for similar conditions revealed the following reasons: 

¶ Majority recommend only one application rate. 

¶ Preferred aggregate matrix differs. 

¶ Preferred texture depth differs. 

¶ Climatic differences. 

¶ Different sources of binder.  
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The study further highlighted that the rational design method gave much too high application rates, beyond what 

any Province would recommend. 

Through adjustment of the basic assumptions of the rational design method, as described in TRH3 (1998)[13], 

the envelope of recommended application rates for any given situation, was moved downwards to ensure that 

Provincial recommendations would fall within the envelope. The principle is shown in Figure A 9. 

  

 

Figure A 9 Adjustment of the Initial Rational Design Method 

The red line approximates the άTPAέ1 design application rates as a minimum with the following reasons to 

ǎǳōǎǘŀƴǘƛŀǘŜ ŀ άƭŜŀƴέ ŘŜǎƛƎƴ ŀǇǇǊƻŀŎƘΥ 

¶ More than 50% of vehicles were registered in the centre of the old Transvaal Province (Now Gauteng 
Province).  

¶ Uncertainty in the attracted traffic after upgrading of roads with the philosophy that it is much easier to 
add additional binder than to rectify a bleeding seal. 

¶ Annual resealing and rejuvenation contracts, allowing the application of additional binder through diluted 
emulsions within days of visible or potential aggregate loss. 

¶ Excellent aggregate sources and sealing conditions. 

The increase in the heavy vehicle volumes, load and tyre pressures was accounted for by increasing the effect of 

one heavy vehicle to 40 equivalent light vehicles, compared to the previous assumed value of 20 light vehicles. 

 

1 Transvaal Provincial Administration 
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The concept of conversion factors for modified binders was introduced, whereby the Ring and Ball Softening 

Point of the modified binder and the design traffic (ELVs) was used to derive the conversion factor. The 

conversion factor made provision for the stone orientation that occurred at a slower rate (assumed to be half 

that of unmodified binders), resulting in higher void content that requires higher binder application to hold the 

stone.  

A.3.4 TRH3 (2007) 

Since publishing TRH3 (1998), a dramatic increase in the use of polymer modified binders for single and double 

seals was experienced in South Africa and it was soon realized that the conversion factors were not appropriate.  

Field experiments and observations since the publication of the TRH3 (1998) suggested that the application rates 

for bitumen rubber seals were too low, while too high for synthetic polymer modified binders. 

Adjustments on sites to obtain good performing modified binder seals were analysed, resulting in conversion 

factors, related to traffic and degree of polymer modification.  

A.3.5 TRH3/ Sabita Manual 40  

TRH3 (2007) [13] provided excellent guidelines for more than ten years. However, due to several reasons, the 

local industry identified the need to update the TRH3 (2007) to minimize risks, highlighting specific issues:  

¶ Several investigations into the cause of premature seal failure since 2007 indicated either poor seal 
selection, poor design or poor construction practices.  

¶ Significant research work into the performance of surface treatments has been done during the past 
decade, which should be incorporated in the National guideline document. 

¶ Given the need for development of contractors in the seal industry, much more attention should be given 
ǘƻ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ά[ƻǿ wƛǎƪ {Ŝŀƭ hǇǘƛƻƴǎέ. 

¶ Step by step assistance is required for design. 

¶ Practical minimum and maximum application rates are required for different seal types and layers. 

¶ Additional hints and warnings from good practice should be incorporated. 

¶ Summaries are required per Section.  

¶ The latest test methods and standard specifications for road and bridge works in South Africa must be 
incorporated.  

Urgency for new guidelines resulted in Sabita sponsoring the effort to update TRH3 (2007) 
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A.4  SOUTH AFRICAN ENVIRONMENT 

Air and road temperatures are strongly affected by altitude.  From the south coast northwards, the temperatures 

increase little, except in the lowland areas.  The duration of sunshine varies from more than 80 per cent of the 

possible duration in the north western parts to 70 per cent over most of the remainder of the interior and to less 

than 60 per cent in the coastal areas.   

Average annual air temperatures vary from less than 13oC in the central mountain areas to 17oC in the broader 

central and south coastal areas and to 22oC or more in the western, northern and eastern parts of the country.  

In all these areas maximum air temperatures may exceed 35oC (40oC in the northern and eastern parts of the 

country).  On the Highveld and in the mountainous regions, minimum temperatures may be as low as -8oC 

(temperatures of below -10oC have been recorded in places).  Minimum temperatures mainly occur during June 

and July.  

Air temperatures influence the road surface temperatures which, in turn, will influence the selection of seal type 

and binder to be used. 

Embargo on seal work during winter periods is enforced by road authorities throughout the world. In South Africa 

the embargo period generally accepted is from beginning May to end of August due to low day and night 

temperatures. 

The concept of having an embargo period to prevent seal work during winter was introduced due to the high risk 

of stripping during winter.  

In order to maximize seal work throughout the winter, risk levels have been defined to minimize risk (Refer PART 

D). The most important factors influencing the risk of sealing roads in South Africa during winter are: 

¶ Climatic conditions (Low night time temperatures). 

¶ Traffic volumes. 

¶ Seal and binder type selection. 

¶ Quality of design and construction. 

Figure A 10 depicts the minimum road surface temperature that could be expected at night during wintertime, 

highlighting areas of increasing risk (Red to blue).  
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Figure A 10  Minimum Road Surface Temperatures 

Notes: 

One component of risk not visible from Figure A 10, is the maximum road surface temperatures that could be 

expected during wintertime. From the figure sealing in the Cape Town area would seem to be less risky than 

in the Kimberly area. The truth is the other way around for the following reasons: 

¶ Road surface temperatures in the Cape Town area, due to cold winds and rain during winter, often do 
not increase above 20oC. As elaborated upon in PART C: Performance and PART F: Construction, the binder 
at these temperatures is too stiff to allow orientation of the aggregate into a stable low risk matrix 

¶ In the Kimberley area (summer rainfall), sub-zero road surface temperatures could be expected 
overnight. However, during daytime the temperatures could easily rise to 40oC, thus allowing the 
aggregate to orientate quickly.   
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A.5 SURFACE TREATMENT TYPES 

The most common surface treatment types used in South Africa are described in this section. Table A 6 provides 

a list of these surface treatment types and abbreviated codes for further use in this document. 

Table A 6  Most Common Surface Treatment Types in South Africa ς Reference Table 

Seal Code Description 

S3 (S <10) Graded aggregate seals - Single application (<10mm) 

S3 (S 10+) Graded aggregate seals - Single application (10mm or more) 

S3 (D <10) Graded aggregate seals - Double application (<10mm per layer) 

S3 (D 10+) 
Graded aggregate seals - Double application (10+mm per layer or first layer covered with 
sand seal) 

S7 (<10mm) Thin microsurfacing or Slurry seal 

S7 (>10mm) Thick microsurfacing or Coarse slurry seal 

S1 (7) Single seal with 7 mm aggregate 

S1(10)  Single seal with 10 mm aggregate 

S1(14)  Single seal with 14 mm aggregate 

S1(20) Single seal with 20 mm aggregate 

S2(10) Double seal with 10 mm aggregate and sand  

S2(14) Double seal with 14 mm aggregate and sand 

S4(10) Cape Seal with 10 mm aggregate and one layer of slurry 

S4(14) Cape Seal with 14 mm aggregate and one layer of slurry 

S4(20) Cape Seal with 20 mm aggregate and two layers of slurry 

S2(14/7) Double seal with 14 mm aggregate and a layer of 7 mm aggregate  

S2(14/5) Double seal with 14 mm aggregate and a layer of 5 mm aggregate 

S2(20/10) Double seal with 20 mm aggregate and a layer of 10 mm aggregate 

S2(20/7) Double seal with 20 mm aggregate and a layer of 7 mm aggregate 

S2(20/7/7) Double seal with 20 mm aggregate and two layers of 7 mm aggregate 

S8(14)  Slurry-bound Macadam seal with 14 mm aggregate 

S8(20)  Slurry-bound Macadam seal with 20 mm aggregate 

AC Asphalt layer with suitable grading and thickness 

Notes: 

¶ Seal codes have been adapted from TRH14 (1985) with S5 (Slurry-fine grading) and S6 (Slurry -coarse 
grading) combined under S7 with microsurfacing. 

¶ AC refers to an asphalt surfacing (premix). Although not discussed in this document, it is often identified 
as a more appropriate surfacing than a surface treatment (Refer PART D: Selection).   

 

A.5.1 GRADED AGGREGATE SEALS 

A.5.1.1 General 

A graded aggregate seal comprises an application of binder and a layer of graded aggregate. Distinction is made 

in this document for: 

¶ Single application (<10mm) ς Single sand or grit seal. 

¶ Double application (<10mm per layer) ς Double sand or grit seal. 

¶ Single application (10mm or more) ς Includes the Otta seal of 20mm. 
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¶ Double application (>10mm per layer) or first layer covered with sand seal. 

 

A.5.1.2 Thin Graded Aggregate Seals 

This seal type, commonly referred to as a sand seal is often used on lower volume roads as initial seals (Double 

application) or as reseals (Single application), preferably with a soft binder such as MC3000. The term grit seal is 

applied to a sand with a specific grading (-5mm with not more than 2% less than 0.075 mm).  

Thin graded seals are denoted S3 as shown in Table A 4 and summarised in Table A 7 below.  

Table A 7  Thin Graded Aggregate Seals 

Seal Code Description 

S3 (S <10) Graded aggregate seals - Single application (<10mm) 

S3 (D <10) Graded aggregate seals - Double application (<10mm per layer) 

The typical structure and images for thin graded aggregate seals are shown in Figure A 11. 

 

Figure A 11  Thin Graded Aggregate Seals (Sand Seals) 

Grit or sand is often used as a blinding layer on single seals constructed with emulsion cover sprays to prevent 

pickup and to stabilise the seal, locking the large aggregate to handle turning actions or to prevent stripping soon 

after construction. 

Precoated grit is recommended for the repair of stripped seals as discussed in PART H. 
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A.5.1.3 Thick Graded Aggregate Seals 

As per definition, these sprayed seals are more than 10mm thick and could comprise one or two layers e.g.: 

¶ One layer of more than 10mm thick. 

¶ Two layers, each more than 10mm thick. 

¶ One layer of more than 10mm thick plus one layer of less than 10mm thick (A 20mm Otta seal plus a sand 
seal would fit into this category). 

Thick graded seals are denoted S3 as shown in Table A 4 and summarised in Table A 8 below.  

Table A 8  Thick Graded Aggregate Seals 

Seal Code Description 

S3 (S 10+) Graded aggregate seals - Single application (10mm or more) 

S3 (D 10+) 
Graded aggregate seals - Double application (10+mm per layer or first layer covered with 

sand seal) 

The typical structure and images for a thick graded aggregate seal are shown in Figure A 12.  

 

Figure A 12  Thick Graded Aggregate Seals 
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Excellent performance for more than 15 years has been recorded on very low volume roads in the northern part 

of the country and in Botswana (neighbouring country north of South Africa). 

High application of a soft binder e.g. MC3000 is required, which can migrate upwards through the aggregate with 

rolling and trafficking. 

 

A.5.1.3.1 Single Seals 

A single seal is described as any seal with one application of binder as a tack coat, one application of aggregate. 

A cover sprays in the form of a diluted emulsion is often done close to, or during wintertime, in cold micro-

climates and essential with none-precoated stone and use of emulsion in the tack coat. 

Single seals are denoted S1 as shown in Table A 4 and summarised in Table A 9 below.  

Table A 9  Single Seals 

Seal Code Description 

S1 (7) Single seal with 7 mm aggregate 

S1(10)  Single seal with 10 mm aggregate 

S1(14)  Single seal with 14 mm aggregate 

S1(20) Single seal with 20 mm aggregate 

 

The typical structure and images for a single seal are shown in Figure A 18 below.  

 

Figure A 13  Single Seals 
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Due to the risk of nozzle blockage, poor transverse distribution and possible poor base finish, single seals are 

only recommended for resealing. 

A.5.1.4 Double Seals 

A double seal for purposes of this document is described as any seal with two applications of binder and two 

applications of aggregate. Cover sprays in the form of a diluted emulsion on top of the final aggregate is often 

done close to, or during wintertime and essential with certain type of double seals. 

Double seals are denoted S2 as shown in Table A 6 and summarised in Table A 10 below.  

Table A 10  Double Seals 

 

The typical structures and images for different type of double seals are shown in the figures below.  

 

 

Figure A 14  S2(20/10) and S2(14/7) with 1 ½ Configuration 

 

Seal Code Description
S2(10/S) Double seal with 10 mm aggregate and sand 

S2(14/S) Double seal with 14 mm aggregate and sand

S2(14/7) Double seal with 14 mm aggregate and a layer of 7 mm aggregate 

S2(14/5) Double seal with 14 mm aggregate and a layer of 5 mm aggregate

S2(20/10) Double seal with 20 mm aggregate and a layer of 10 mm aggregate

S2(20/7) Double seal with 20 mm aggregate and a layer of 7 mm aggregate

S2(20/7/7) Double seal with 20 mm aggregate and two layers of 7 mm aggregate
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Figure A 15  Stone + 1/3 Combination 

As shown, different macro textures could be obtained, suitable for different situations. The small aggregate fills 

the voids in the structure, making the seal much less sensitive to stripping. A cover spray is recommended for 

this seal. 

 

Figure A 16  Full Double Seal Configuration 

With high traffic volumes, it is possible that there could still be voids in the structure, requiring the use of a 

high viscosity binder (e.g. S-E1) as penetration coat. A cover spray is desirable on this seal. 
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Figure A 17  Split application double seal 

As shown, the dry aggregate layer creates voids in the structure. With embedment of the large aggregate, the 

voids accommodate the resulting upward movement of the tack coat binder, minimising the risk of bleeding. 

A.5.1.5 Cape Seals 

Cape Seal consists of a single seal of 20 mm, 14 mm or 10 mm aggregate, mostly penetrated with a binder (cover 

spray) and covered with a slurry seal.  If 20 mm aggregate is used, the slurry is applied in two layers. 

When hot binders and precoated aggregate are used, a cover spray is usually not applied. However, if emulsions 

are used as a tack coat with none-precoated stone, a cover spray is essential. 

Note: Some practitioners prefer to always apply a cover spray, regardless of whether the aggregate is 

precoated.  

Cape seals are denoted S4 as shown in Table A 6 and summarised in Table A 11 below.  

Table A 11  Cape Seals 

Seal Code Description 

S4(10) Cape Seal with 10 mm aggregate and one layer of slurry 

S4(14) Cape Seal with 14 mm aggregate and one layer of slurry 

S4(20) Cape Seal with 20 mm aggregate and two layers of slurry 
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The typical structure and images for different type of Cape seals are shown in Figure A 18.  

 

Figure A 18  Cape Seals 

The 20 mm Cape seal in Figure A 18 exhibits a very coarse texture that will provide excellent skid resistance but 

high tyre impact noise. The amount and timing of the second slurry application could result in a much finer macro 

texture, with much lower tyre impact noise. 

A.5.1.6 Slurry-Bound Macadam Seal 

Following the preparation of the base layer and priming thereof, single size aggregate (14 mm or 20 mm) is placed 

on the road surface and levelled to the required thickness (not less than 2 times the ALD of the aggregate) using 

thickness guides and straight edges.  A pedestrian roller, without vibration, is used to orientate and level the 

aggregate, where after a fine slurry is vibrated into the layer.  If necessary, a fine slurry is applied as a final layer. 

The Slurry-bound Macadam seal has been constructed with success from 20 mm to 50 mm and is highly effective 

in maximising labour and accommodating heavy vehicle turning actions. 

Slurry-bound Macadam seals are denoted S8 as shown in Table A 8 and summarised in Table A 12 below.  

Table A 12  Slurry-bound Macadam Seals 

Seal Code Description 

S8(14)  Slurry-bound Macadam seal with 14 mm aggregate 

S8(20)  Slurry-bound Macadam seal with 20 mm aggregate 

The typical structure and images for Slurry-bound Macadam seals are shown in Figure A 19 below. 

As shown, this seal type can effectively be placed on irregular base courses. 
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Figure A 19  Slurry-Bound Macadam Seals 

A.5.1.7 Slurry Seals and Microsurfacings 

Slurry normally consists of a mixture of crusher dust, stable grade bitumen emulsion, cement and water. In the 

case of microsurfacing, rapid setting cationic emulsions are used, and chemicals are added to control the rate 

of breaking and curing. 

Slurries are used for various purposes e.g.: 

¶ New construction surfacings (Normally > 10mm). 

¶ Resurfacing overlays (Normally > 6 mm). 

¶ Texture pre-treatment (2 ς 4 mm). 

¶ Rut filling, edge break and other repairs. 

Slurry and microsurfacing are denoted S7 as shown in Table A 8 and summarised in Table A 13 below.  

Table A 13  Slurry and Microsurfacing Seals 

Seal Code Description 

S7 (<10mm) Thin microsurfacing or Slurry seal 

S7 (>10mm) Thick microsurfacing or Coarse slurry seal 

The typical structure and images for slurry and microsurfacing applications are shown in Figure A 20. 

The macro texture obtained is highly dependent on the aggregate grading. 

 

 



MANUAL 40:  DESIGN AND CONSTRUCTION OF SURFACE TREATMENTS 

 

34 

 

 

Figure A 20  Slurry and Microsurfacing Applications 

A.5.1.8 Other Seal Types 

Other seal types used from time to time are: 

¶ Inverted double seals applied in the following situations:  
o A two-phased construction with half-width construction. A 7 mm single seal is applied after construction 

of the one lane to allow traffic accommodation while the other lane is constructed. Following the 
completion of the other lane, the road is opened to traffic for a while and then sealed with a 14 mm 
single seal. 

o The 7 or 10 mm aggregate is applied as an armouring layer on a soft substrate with a very low binder 
application rate, where after a single seal is applied. 

o The 7 or 10 mm seal is applied only in the wheel track of a rutted road and followed by a single seal over 
the full width of the road.  

Note: Each layer is design as a separate single seal 

¶ Geotextile seals 
o Geotextile seals are defined as bituminous surfacings consisting of a bitumen saturated geotextile and a 

conventional seal. 
o A geotextile is adhered to the existing surfacing by spraying a bituminous binder tack coat and rolling 

with a pneumatic roller.  Dependent on the application rate of the tack coat and the preference of the 
engineer, a conventional seal could be constructed directly on the geotextile, adding additional binder 
to compensate for absorption into the geotextile.  Alternatively, a saturation coat could be sprayed onto 
the geotextile and covered with small aggregate e.g. crusher dust before the conventional seal is 
constructed. 

Note:  Good performance has been recorded (refer PART C) and guidelines for the design of this seal type are 

provided in PART E.  
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¶ Choked seals (also referred to as racked-in seals elsewhere). 

o A choked seal can be described as an open single seal, choked with a smaller aggregate, without the 
application of a binder penetration coat.  Several roads have been successfully resealed with choked 
seals consisting of 14 mm and 7 mm or 20 mm and 10 mm aggregate. 

The large aggregate should be placed open and not shoulder-to-shoulder in order to leave room for the smaller 

aggregate. 

Note:  Although favoured in New Zealand, this seal type is not often constructed in South Africa. No design 

guidelines for this seal type are provided in this document. 

The typical structures for different above-mentioned seals are shown in Figure A 21. 

 

Figure A 21  Inverted, Geotextile and Choke Seals 

A 5.1.9  Rejuvenation/ enrichment sprays 

Application of a rejuvenation or an enrichment spray to old coarse or open textured single and double seals 

could extend the effective service life with three to four years. A diluted anionic stable grade emulsion or an 

invert cutback emulsion is typically used for this purpose. 

The effect of rejuvenation or enrichment sprays is shown in Figure A 22. 
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Figure A 22  Effect of rejuvenation and enrichment sprays 

 

 

 

 

 

 

 

  



MANUAL 40:  DESIGN AND CONSTRUCTION OF SURFACE TREATMENTS 

 

37 

 

A.6      TERMS AND DEFINITIONS 

Adhesion properties:  The ability of the aggregate to form a strong and lasting bond with the binder. 

Aggregate:  Inert hard rock-type material which has been crushed and screened to produce the stone, sand or 

grit used in surface seals. 

Aggregate crushing value:  A measure of the ability of the aggregate to resist crushing under a compressive load. 

(See also Hardness.) 

Asphalt:  A mixture of bituminous binder and aggregate in a prescribed ratio (this includes the terms premix and 

hotmix). 

Average Least Dimension of aggregate (ALD):  The overall average of the least dimension for a number of 

particles (approximately 250) where the least dimension of an aggregate particle is the smallest perpendicular 

distance between two parallel plates through which the particle will just pass.   

Ball penetration test:  A test for measuring the penetration resistance of a road surface using a steel ball with a 

diameter of 19 mm .  The result (corrected for temperature and nature of existing surface) is used in the design 

of surface treatments. 

Bitumen:  A non-crystalline solid or viscous mixture of complex hydrocarbons which possesses characteristic 

agglomeration properties.  Bitumen, obtained from crude petroleum by refining processes softens gradually 

when heated and is substantially soluble in trichloroethylene. 

Bitumen emulsion:  A liquid mixture in which a substantial amount of bitumen is suspended in a finely divided 

condition in an aqueous medium of one or more suitable emulsifying agents. 

Bitumen rubber:  Bitumen modified by the addition of approximately 20 per cent rubber crumbs to improve 

certain properties of the binder.  Additionally, 2 to 5 per cent of liquid additive is often added to further improve 

its properties. 

Bituminous binder:  A product such as bitumen or derivatives thereof (e.g. cut-back bitumen, modified binder 

or bitumen emulsion) which acts as a binder for the aggregate in surfacing. 

Bituminous surfacing:  A surfacing seal or layer of premix asphalt which is directly subjected to traffic forces. 

Bleeding:  The condition which arises when excess binder is present in the seal, causing a layer of tacky binder 

to appear above the aggregate. 

Blinding:  The application of fine aggregate such as crusher sand (not dust) at a low application rate (0,0025 

m3/m²) on top of fresh binder, to reduce the tackiness. 

Brittleness:  The condition which arises when the seal layer fractures, splinters or breaks under traffic impact or 

as a result of rapid deformation because of its rigidity, caused by ageing and/or thermal effects. 

Cape Seal:  An application of bituminous binder followed by a layer of stone followed by one or two applications 

of slurry. 

Choked seal:  This is an open single seal, choked with a smaller aggregate, without the application of a binder 

penetration coat. 
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Cover spray: The application of a diluted emulsion as a final binder application on single or double seals or before 

application of the slurry, in case of Cape seals (previously referred to as a fog spray) 

Cut-back bitumen:  A penetration grade bitumen whose viscosity has been reduced by the addition of 5 to 20 

per cent of a volatile solvent (kerosene or diesel). 

Design Traffic:  The total number of expected equivalent light vehicles per lane per day at the time of 

construction of the surfacing seal. 

Diluted emulsion:  A mixture of emulsion with water to obtain a lower binder content by volume.  It is sprayed 

to enrich and/or soften the binder of an existing seal (rejuvenation spray, normally anionic stable grade) or a 

cover spray during seal construction (normally cationic spray grade). 

Double seal:  An application of bituminous binder followed by a layer of stone followed by another layer of 

bituminous binder and a layer of smaller stone. 

Dryness:  The condition which arises when binder loses its elastic, plastic and adhesive properties. 

Effective layer thickness (ELT):  The volume of stone + voids covering the base of a tray or pan of a given area, 

divided by the area of the base of the tray or pan.  This is used in the original rational design method instead of 

ALD.  

Embedment:  The estimated total amount by which the sealing stone will be pressed into the underlying surface 

during the construction process as well as by traffic using the road after construction. 

Estimated Texture Depth (ETD): Refer A.2.2.1.2 for detail 

Equivalent light vehicles (ELV):  One car or light delivery vehicle per lane per day.  Any vehicle larger than a car 

or light delivery vehicle is taken to be equal to 40 light vehicles. 

Flakiness Index (FI):  The mass of particles in the aggregate, expressed as a percentage of the total mass of that 

aggregate, which will pass through the slot or slots of specified width for the appropriate size fraction.  The widths 

and lengths of the slots are respectively half and double those of the sieve openings through which each of the 

fractions passes.  

Flushing:  See Bleeding. 

Fog spray:  See cover spray and rejuvenation spray (A light application of bitumen emulsion binder to the final 

layer of aggregate of a surfacing seal or to an existing bituminous surfacing as a maintenance treatment). 

Geosynthetic: A synthetic material used in contact with natural building materials 

(soil/gravel/aggregate/bitumen) in civil engineering applications. 

Geotextile: A planar, permeable, synthetic textile material, which may be nonwoven, knitted, or woven, used in 

contact with natural materials used in civil engineering applications. 

Geotextile seal:  A single or double seal constructed on top of a geotextile material tacked with a bituminous 

binder to the existing road surface. 

Grit seal:  A sand seal with a coarse-graded aggregate, defined in PART B: Materials. 

Hardness:  The ability of the aggregate to resist crushing under a compressive load.  (See PART B Materials ς 10% 

FACT). (See also Aggregate Crushing Value.) 
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Inverted double seal:  This is a double seal in which the larger sized aggregate is applied on top of the smaller 

aggregate. 

Invert emulsion: The water is suspended in a finely dispersed state in bitumen. Water in oil compared to oil in 

water as with emulsion. 

Liquid limit:  The liquid limit of a soil is the moisture content of the soil at which the soil passes from a plastic to 

a liquid state. 

Macro texture: Refer A.2.2.1.2. 

Micro texture: Refer A.2.2.1.1. 

Mean Profile Depth (MPD): Refer A.2.2.1.2. 

Mean Texture Depth (MTD): Refer A.2.2.1.2. 

Modified binder:  Any standard bituminous binder which has been modified with polymers to produce a more 

durable binder with better rheological properties and/or lower temperature susceptibility than the original 

binder.   

Paving fabric: A geotextile used for either stress relief, or waterproofing (when impregnated with selected 

bituminous binders) 

Penetration coat:  The second binder layer of the seal which is sprayed after the first layer of stone of a double 

seal is spread and rolled. 

Penetration grade bitumen (bitumen):  That fraction of the crude petroleum remaining after refining processes, 

which is solid or near solid at normal air temperature and which has been blended or further processed to 

products of varying hardness or viscosity. 

Permeable surfacing:  The condition which exists when an undesirable amount of water seeps through the 

surfacing to the base and subbase layers.  The degree of permeability can vary. 

Plasticity Index (PI): An indication of the clay content of soils or crushed aggregate; the larger the PI, the larger 

the clay content. Calculated as Liquid Limit  ς Plastic Limit  

Plastic limit:  The plastic limit of a soil is the lowest water content at which the soil remains plastic. 

Polishing:  The tendency of certain stone types to become smooth and rounded under the action of traffic.  This 

should not be confused with attrition or bleeding. 

Polishing Stone Value (PSV): Provides a measure of the resistance of aggregate to the polishing action of vehicle 

tyres under conditions similar to those occurring on a road surface, using a standardised test (SANS 3001 AG 11) 

Polymer-modified binder (PMB):  Any standard bituminous binder to which a polymer has been added to 

produce a more durable binder with improved rheological properties. 

Porous seal:  A seal which contains internal voids such that water can pass through with ease (e.g. honeycomb 

structure).  The degree of porosity can vary. 

Precoating:  The precoating of the seal stone with a binder (normally bitumen-based) to improve the initial 

adhesion between the stone and the seal binder. 
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Prime coat:  A layer of binder applied directly on top of the base course to promote and maintain adhesion 

between the surfacing and the base.  This layer also prevents the absorption of surfacing binder by the base and 

assists in sealing the voids near the surface.  It acts as a curing membrane on stabilised bases. 

Rejuvenation spray: A mixture of anionic stable grade emulsion with water, generally in a 50/50 ratio, to obtain 

a lower binder content by volume or, an invert cutback emulsion.  It is sprayed to enrich and/or soften the binder 

of an existing seal. 

Reseal:  A surfacing seal applied to an existing bituminous surfacing for maintenance purposes. 

Residual binder:  The residual binder or tar remaining after evaporation of any volatile constituents such as oils 

in cut-back bituminous binder or water in bituminous emulsion. 

SAMI:  See Stress Absorbing Membrane Interlayer. 

Sand seal:  An application of bituminous binder followed by a layer of clean natural and/or crusher sand. 

Service life:  The period from the construction of the seal to the time when the functionality of the seal ceases. 

Sideways Force Coefficient (SFC): Refer A.2.2.1. 

Single seal:  An application of bituminous binder followed by a layer of stone. 

Skid resistance:  The ability of a surfacing layer through friction to provide resistance to skidding of a vehicle tyre 

which is moving over the surface. 

Slurry:  A mixture of suitably graded fine aggregate, cement or hydrated lime, bitumen emulsion and water. 

Slurry seal:  A surfacing seal consisting of a layer of slurry. 

Split seal:  This consists of a double seal in which the top layer of aggregate is split into two applications.  The 

first application of the top layer of aggregate is usually done without a penetration coat. 

Spray rate:  ¢ƘŜ ǊŀǘŜ ƻŦ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ōƛǘǳƳƛƴƻǳǎ ōƛƴŘŜǊ ŜȄǇǊŜǎǎŜŘ ƛƴ ƭƛǘǊŜǎ ǇŜǊ ǎǉǳŀǊŜ ƳŜǘǊŜ όҚκƳчύ ŀǘ ŀ 

given temperature. 

Spread rate:  The rate of application of the surfacing stone (chips) expressed in cubic metres per square metre 

(m3/m²) of stone applied at the loose bulk density in the truck or heap. 

Stone:  A single-sized aggregate used in single or double seals. 

Stress Absorbing Membrane Interlayer:  A single seal with a polymer-modified binder (usually bitumen-rubber) 

placed on the existing substrate immediately below an asphalt overlay.  Its purpose is to prevent or retard 

stresses or cracks penetrating into the overlying asphalt layer. 

Surfacing:  Surfacings consist of two components, namely aggregate and binder.  The purpose of a surfacing is to 

provide a uniform, skid-resistant impermeable coating to the underlying pavement structure. 

Surfacing maintenance:  Measures which maintain the integrity of the road surface in respect of skid resistance, 

disintegration and permeability without necessarily increasing the structural strength of the pavement. 

Surfacing seal (surface treatment):  A thin layer of aggregate and bituminous binder which, being the uppermost 

pavement layer, is directly subjected to the forces of vehicular traffic. 
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Surfacing stone:  Crushed aggregate with a specified gradation. 

Tack coat:  First spray of bituminous binder applied during the sealing process.  (This should not be confused 

with a coat of suitable binder applied to an existing surface as a preliminary treatment to promote adhesion 

between the existing surface and a subsequently applied asphalt layer which is now termed a bond coat.) 

Texture depth:   A measure of the relative height difference between the troughs and the crests of the aggregate 

in the seal (Refer macro texture). 

Texture treatment:  The treatment of an existing seal in order to achieve a more uniform texture or to make a 

rough texture finer in preparation for resealing.  Texture treatment usually takes the form of a thin sand seal or 

a slurry that is swept or brushed into the existing seal. In the context of this document, texture treatment does 

not include treatments to increase skid resistance. 

Varying texture:  A non-uniform texture across the width of the road surface, e.g. where the surface appears 

smooth in the wheel paths and has a different texture elsewhere. 

Viscosity:  (resistance to flow). 

Dynamic viscosity is the measure of the resistance to flow of a liquid. The ratio between the applied shear stress 

and the rate of shear is called the coefficient of viscosity, dynamic viscosity, or simply viscosity. The SI unit of 

dynamic viscosity is the Pascal-second (Pa.s) which is 1N.sec/m2, and the cgs unit is the gm/cm.s which is the 

poise (or more conveniently, centipoise cP), such that at a given temperature: 

1 Pa.s = 1 000 mPa.s = 10 poise = 1 000cP 

The Brookfield model RV with Thermosel system is used in South Africa, measuring the torque required to rotate 

a SC-4 type spindle immersed in bitumen. 

Kinematic viscosity (v) is the ratio of the dynamic viscosity (h) to the density (d) of a liquid such that 
v = h / d 
Where: 
v = kinematic viscosity in mm2/s 
h = dynamic viscosity in Pa.s 
d = density in kg/l at the temperature under consideration. 
The SI unit of kinematic viscos ity is mm2/s and the cgs unit is cm2/s which is a Stoke or more conveniently, 
centiStoke (cSt), such that: 
1mm2/s = 0,001cm2/s = 1 cSt 

Since densities of South African penetration grade bitumen vary between 0.970 and 1.040 kg/l at 600C, a dynamic 

viscosity of 1 Pa.s would equate to a kinematic viscosity of between 962 and 1 031 mm2/s (at 600C). 

Saybolt Furol viscosity, providing a measure of kinematic viscosity, is the efflux time in seconds required for 60 

millilitres of a petroleum product e.g. bitumen emulsion, to flow through the calibrated orifice of a Saybolt Furol 

viscometer, under carefully controlled temperature, as prescribed by test method ASTM D 88.  

Volatiles:  Solvents used in cutting-back agents and those constituents of bituminous binders which are readily 

vaporisable at relatively low temperatures.  
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B.1 INTRODUCTION 

B.1.1 CONTEXT  

Manual 40 comprises eight parts: 

¶ Part A: General  

¶ Part B: Materials (This document) 

¶ Part C: Performance 

¶ Part D: Seal type and binder selection 

¶ Part E: Design  

¶ Part F: Construction 

¶ Part G: Quality Assurance 

¶ Part H: Repair of premature failures 

B.1.2      OBJECTIVES 

The purpose of PART B is to provide the currently recommended specifications for materials used in surface 
treatments. It should be noted that: 

¶ More relaxed standards are now recommended for lower volume roads. 

¶ Several test methods have been adjusted to SANS test methods 

B.1.3      SCOPE 

PART B provides recommended properties/ specifications for: 

¶ Surface treatment aggregate  

¶ Active fillers for slurries 

¶ Water for diluting emulsions 

¶ Conventional bituminous binders 

¶ Modified bituminous binders 
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B.2      AGGREGATES 

B.2.1       FUNCTION 

The aggregate in a seal has four main functions: 

¶ It provides resistance to the abrasion of moving wheel loads and transfers the wheel load to the underlying 
pavement structure; 

¶ It provides a skid-resistant surface; 

¶ It provides body and a structure to accommodate the visco-elastic and impermeable bituminous binder 
and has sufficient voids to prevent the binder flushing to the surface under loading, and   

¶ It protects the binder from the harmful ultra-violet rays of the sun. 

Note: 

Certain aggregate characteristics may have additional functional value, for example: 

¶ Use of light-absorbing qualities to prevent glare, and 

¶ Provision of a different texture or colour to define demarcated areas.   

 

B.2.2      FACTORS AFFECTING PERFORMANCE 

Aggregate-related factors which affect the performance of a seal are: 

¶ Shape, nominal size and grading;  

¶ Spread rate; 

¶ Adhesion characteristics, micro texture, cleanness and dust content; 

¶ Strength, durability and wearing characteristics, and 

¶ Porosity/absorption. 

 

B.2.2.1      Shape, nominal size and grading 

The shape of the aggregate affects its interlocking in the compacted layer and, hence, the stability of the seal. 

The more angular the aggregate, the better the interlock because there are more points of contact. The shape 

and size also affect the void content in a seal and the ability of the seal to displace surface water (macro texture).  

A single-sized stone develops good interlock and provides maximum contact between the tyre and stone surface. 

This increases the friction area, causes the stone to resist polishing and abrasion and gives good skid resistance, 

provided the correct quantity of binder is used. 

More voids are available with large single-sized aggregates to accommodate a variation in binder application rate 

than in small single-sized aggregates. The smaller the aggregate size, the greater the possibility of the voids in 

the layer being filled with binder. This will cause flushing unless very strict control is exercised during 

construction. 

Larger aggregates allow more binder to be used, resulting in a more impermeable, longer lasting seal. 
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The use of aggregate which does not have a uniform size results in firm tyre contact over a smaller area (which 

decreases the skid resistance, especially in wet weather), a higher noise level (because the larger particles are 

spaced further apart), loss of the larger stone by traffic action, and concentrated wear on the larger particles. 

Note:  Design methods, as discussed in PART E of this manual have, to a large extent, been developed and 

refined while applying strict standards with regard to size, shape and grading. Changing specifications could 

lead to current design methods not being appropriate to ensure optimal performance.  

B.2.2.2      Spread Rate of Aggregate 

The aggregate protects the substrate against traffic abrasion and should be applied at such a rate that complete 

cover with a uniform mosaic is achieved after construction and traffic compaction. The aggregate should lie 

shoulder-to- shoulder, in a single layer and in a tightly knit pattern.  All design assumptions are made on this 

basis.   

Excessive ultra-violet damage to the binder, ravelling of the seal and subsequent damage of the lower pavement 

layers may occur if the spread rate is too low. If the spread rate is too high, the aggregate cannot properly 

orientate, may not be properly covered with binder film, leading to whip-off of the poorly bonded aggregate. 

Degradation due to crushing and grinding of the aggregate, unnecessary waste of material, and claims for 

damage resulting from aggregate whip-off and broken windscreens may occur. 

B.2.2.3      Adhesion characteristics, micro texture, cleanness and dust content 

The aggregate should have good binder adhesion characteristics, which it should retain throughout the life of 

the seal for it to remain stable under the action of traffic. 

Dusty aggregate adversely affects the adhesion between the aggregate and the binder. (The presence of as little 

as 1 per cent by mass dust may result in a substantial loss of aggregate.) Moist aggregate does not adhere well 

to binders (except to bituminous emulsions) and, if traffic is allowed to use the seal coat before adequate bonding 

has occurred, excessive whip-off may occur. Precoating the aggregate with a thin layer of bitumen improves 

adhesion and obviates the problems associated with hot bituminous binders and aggregates which are not free 

of dust or moisture. 

Note:  Some granite, felsite and quartzite sources in South Africa are known for poor adhesion (mainly because 
of smooth micro texture), but have performed reasonably well through careful design, the use of precoating 
and/ or wetting agents as well as the addition of a cover spray. 

B.2.2.4      Strength and durability characteristics 

The aggregate should be hard enough (crushing strength) to allow only minimal breakage during rolling or under 

traffic and should not weather significantly during the life of the seal. In addition, the aggregate should be 

inspected visually and tested for the presence of inferior material and harmful minerals. Durability tests should 

also be carried out.  

Apart from this, aggregate exposed to abrasion by traffic will attain a smooth surface in time, i.e. it will polish 

and/or abrade. The degree of possible polishing depends on its mineral composition and crystal structure. The 

presence of minerals of similar or different hardness in a rock and their grain sizes therefore determines the 

potential wearing characteristics of the aggregate and the rate at which wear takes place.  
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B.2.2.5      Porosity / Absorption 

Porous aggregate absorbs the oily components of the bitumen, i.e. maltenes, a process called exudative 

hardening. This may then result in the binder no longer being suitable (too brittle) to retain the aggregate on the 

road. If the only aggregate available is a porous aggregate, then the use of modified binders is recommended. In 

addition, porous aggregates should be precoated prior to use. 

B.2.3      SPECIFICATIONS FOR SPRAYED SEAL AGGREGATES 

B.2.3.1       General 

All the aggregates used in seals, whether stone, crusher dust or natural sand, should, in general, conform to the 

specifications given in COTO 2019 [1]. 

B.2.3.2      Relaxation of Specifications 

The recommendation to use marginal aggregates in low volume roads was originally made by the Southern 

African Bitumen Association (SABITA)[2] and is based on the results of a survey carried out in this and 

neighbouring countries in southern Africa, where high quality aggregates meeting all the requirements of  COLTO 

1998 [3] are not always available. 

It sometimes occurs that, while the available aggregates may comply with the relevant specifications, their 

dimensional properties (such as ALD or Flakiness Index) may show great variation. This would impact on the 

design of the seal and may make it necessary to design and apply the seal in many short sections. In such cases, 

the use of aggregates which are slightly outside the specifications, but whose properties are consistent, may be 

considered. 

If the aggregate comes from a source whose origins and geological properties are not well documented it is 

essential that they be thoroughly investigated, as there are many recorded instances of apparently suitable 

aggregates being totally unacceptable and performing very poorly (stripping, disintegration, extremely water 

sensitive etc.). 

It has been found (Wright et al 36) that, by the use of marginal materials, savings of up to 30 per cent in the cost 

of aggregate alone could be realized, resulting in an overall saving of as much as 7 per cent of the total cost of 

the seal. Furthering this work through investigations as described in [4] [5] [6] [7] [8] [9] [10] [11] specifications 

from COLTO 1998 [3] and recommendations in TRH3 2007 [12] have been relaxed for lower volume roads.   

Note:  It is emphasized that relaxation of some of the aggregate standards should not be construed as a 
lowering of quality or as a means of disposing of sub-standard materials by using these to construct sub-
standard roads in communities and suburbs whose roads carry light traffic. 

Three grades of aggregate are defined as appropriate for traffic ranges as provided in Table B 1. 

Table B 1  Aggregate Grade Classification 

Traffic (AADT) Less than 300 300 - 3000 More than 3000 

Relevant Aggregate Grade C B A 
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B.2.3.3      Grading 

The minimum specifications for single sized aggregates are summarized in Table B 2. 

Table B 2  Grading Specifications for Single Sized Aggregate 

Sieve size (mm) 
 

Grade 

Percentage by mass passing 

Nominal size (mm) 

20 14 10 7 5 

37.5  
 
 
 

A & B 

     

28 100     

20 85 - 100 100    

14 0 ς 35* 85 - 100 100   

10 0 ς 5**  0 ς 35* 85 - 100 100  

7.1  0 ς 5**  0 ς 35* 85 - 100 100 

5   0 ς 5**  0 ς 35* 85- 100 

3.35     0 ς 35* 

2.0    0 ς 5**  0 ς 5**  

  
C 

Grading shall comply with the requirements for grades A and B 
with the following exceptions: 

ϝ л ҍ рлΣ ᶻ zл ҍ млΣ 

Fines content passing 
0,425 mm sieve 

A 0.5 0.5 0.5 0.5 1.0 

B 1.5 1.5 1.5 1.5 2.5 

C 2.0 2.0 2.0 3.0 3.5 

Dust content: Material 
passing at 0,075 mm 
sieve (max) 

A 0.2 0.2 0.2 0.5 0.5 

B 0.5 0.5 0.5 1.0 1.0 

C 1.5 1.5 1.5 1.5 1.5 

The recommended specifications for sand seals and blinding sand are provided in Table B 3. 

 

Table B 3  Grading Specifications for Sand Seals and Sand Blinding 

Sieve size (mm) Percentage passing by mass 

7.1 100 

0.300 0 - 15 

0.150 0 - 2 

Sand Equivalent [%] (min) 35 

Plasticity Index: Non-Plastic 

Note: It might not always be possible to get aggregate with grading fully within specification. Further 
relaxation of standards could be considered for very low volume roads i.e. less than 300 vpd. 
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Table B 4  Grading Specifications for Grit Seals 

Sieve size (mm) Percentage passing by mass 

5 100 

2 0 - 100 

1 0 - 50 

0,600 0 - 20 

0,300 0 - 10 

0,150 0 - 5 

0,075 0 - 2 

Sand Equivalent [%] (min) 35 

 

B.2.3.4      Hardness 

Whereas aggregates with a maximum ACV of 21 or a minimum 10% FACT of 210 kN were recommended [12], 

satisfactory results have been achieved on low volume roads (less than 300 vpd) with ACVs as high as 30 

(equivalent to a dry 10% FACT value of approximately 130 kN). 

In view of the satisfactory performance of aggregates in seals on relatively lightly trafficked roads, the crushing 

strength requirements for the aggregate have been relaxed. 

Note:  In order to prevent crushing of the aggregate during construction of the seals (single or double) the use 
of steel-wheeled rollers on irregular substrates should be avoided for Grade B and C aggregates. 

When tested in accordance with SANS 3001-AG10, 10 % FACT values as provided in Table B 5 are now 

recommended. 

Table B 5   Recommended Hardness Specifications 

Relevant Aggregate Grade C B A 

Dry 10 % FACT [kN] (min) 130 180 210 

Wet 10 % FACT [kN] (min) 100 135 160 

 

B.2.3.5      Polishing stone value (PSV) 

On high-speed rural roads, the skid resistance of the surfacing is a major functional aspect. For this reason limits 

are placed on the Polished Stone Value (PSV) of aggregates, since polishing of the stone reduces the skid 

resistance thereby rendering the surface hazardous at high speeds, particularly in wet conditions, or at locations 

where braking is likely to take place, such as at approaches to intersections, traffic circles, or at tight bends where 

there is insufficient super-elevation. 

However, risks related to skid resistance are lower on low volume roads, specifically in low rainfall areas with low 

curvature and flat terrain. Consequently, the PSV requirement has been relaxed for Grades B and C, except, 

possibly at intersections etc., as described in the preceding paragraph.  
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The recommended polishing stone values for the different aggregate grades, measured according to SANS 3001-

AG11 are provided in Table B 6. 

Table B 6  Recommended PSV 

Relevant Aggregate Grade C B A 

Aggregate position in seal 

Exposed aggregate 48 49 50 

Underlying aggregate 45 47 48 

B.2.3.6      Shape 

B.2.3.6.1   Crushed aggregate 

Crushed aggregate is used for single seals, double seals, combination seals and slurries. The ideal is that 95 % 

percent of the particles should have at least three fractured faces. 

B.2.3.6.2   Flakiness 

The maximum flakiness index, when tested in accordance with SANS 3001-AG4, should comply with the 

requirements in Table B 7. 

Table B 7    Recommended Minimum Flakiness Index 

Relevant Aggregate Grade C B A 

20 mm nominal size 30 30 25 

14 mm nominal size 30 30 25 

10 mm nominal size 35 35 30 

7.1 mm nominal size 35 35 30 

B.2.3.6.3   Average Least Dimension 

Based on experience in South Africa, the recommended Average Least Dimension (ALD) of the relevant nominal 

aggregate sizes, measured according to SANS 3001-AG2 & AG3, is provided in Table B 8. 
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Table B 8   Recommended ALD specifications 

Relevant Aggregate Grade C B A 

Nominal Aggregate Size (mm) 

20 10.8 12 12 

14 7.4 8 8 

10 single layer 5 5.5 5.5 

10 second layer NA 5 5 

 

B.2.3.7      Durability (Resistance to weathering) 

Grade A aggregate used in seals should have a durability index of less than 4 as determined by the Ethylene glycol 

durability method (SANS 3001-AG14). 

B.2.3.8      Additional indicators 

The following weathering tests may be conducted on aggregate for seals: 

¶ Sulphate soundness tests; 

¶ Freezing and thawing test; 

¶ Wetting-drying test; 

¶ Los Angeles abrasion test; 

Note:  None of these tests are specified in [1] and it should be noted that not all laboratories possess the 

facilities to conduct these tests. 

B.2.3.9      Specifications for slurry aggregate 

The aggregate used in the manufacture of slurries generally consists of crusher sand or of a blend of crusher sand 

and natural sand. 

The aggregate should preferably be obtained from a parent rock having a 10 % FACT value (dry) of at least 150 

kN or a mixture of angular crusher sand and a clean natural sand, where the mixture does not contain more than 

25 % of natural sand (by dry mass). Further increase of the natural sand in the aggregate blend could be evaluated 

using a cationic bitumen emulsion, addition of an adhesion agent and/or addition of polymers. 

The gradings of aggregate recommended for slurries are given in Table B 9. 
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Table B 9   Recommended Gradings for Slurry Applications 

 

Sieve size 

(mm) 

PERCENTAGE PASSING SIEVE, BY MASS 

Fine slurry Coarse slurry 

Fine Grade Medium grade Coarse grade Type 1 Type 2 

14     100 

10    100 85 ς 100 

7.1  100 100 85 ς 100 70 ς 90 

5 100 82 - 100 70 ς 90 70 ς 90 60 ς 80 

2 90 - 100 56 ς 95 45 ς 70 45 ς 70 40 ς 60 

1 65 - 95 37 ς 75 28 ς 50 25 ς 45 25 ς 45 

0.600 42 - 72 22 ς 50 19 ς 34 15 ς 30 15 ς 30 

0.300 23 - 48 15 ς 37 12 ς 25 10 ς 20 10 ς 20 

0.150 10 - 27 7 ς 20 7 ς 18 6 ς 15 6 ς 15 

0.075 1 ς 15 4 ς 15 2 ς 8 4 ς 10 4 ς 10 

The sand equivalent determined in accordance with SANS 3001-AG5, should be at least 35. 

The immersion index of briquettes made with slurry aggregate and 70/100 penetration-grade bitumen at the 

specified net bitumen content for the slurry should be not less than 75. 

The slurry for Cape seals shall conform to the specifications in Table B 9 for Fine Slurry, Fine or Medium grade.  

The aggregate used in rapid-setting slurries should have the same properties as those specified for conventional 

slurries. The recommended gradings of the aggregate to be used in rapid-setting slurries are given in Table B 10. 

Table B 10   Recommendations for Rapid Setting Slurries and Microsurfacing 

Sieve Size 
(mm) 

Type II Percent Passing Type III 
Percent Passing 

Stockpile Tolerance 

 Overlay or Rut fill 
(up to 12 mm) 

Rut fill 
(more than 12 mm) 

 

10 100 100  

7.1 100 85 - 100 5% 

5 90 - 100 70 - 90 5% 

2 65 - 90 45 - 70 5% 

1 45 - 70 28 - 50 5% 

0.6 30 - 50 19 - 34 5% 

0.3 18 - 30 12 - 25 4% 

0.15 10 - 21 7 - 18 3% 

0.075 5 - 15 5 - 15 2% 

Note: The compatibility of the binder with aggregates from suitable sources should be evaluated (Refer PART 

E). 
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B.2.4      ACTIVE FILLERS 

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ŀƴ άŀŎǘƛǾŜ ŦƛƭƭŜǊέ ŦƻǊ ǎƭǳǊǊƛŜǎ ƛǎ ƴƻǘ ǘƘŜ ǎŀƳŜ ŀǎ ŦƻǊ ŀǎǇƘŀƭǘΦ CƻǊ ǎƭǳǊǊƛŜǎ ǘƘŜ Ƴŀƛƴ ǇǳǊǇƻǎŜ ƻŦ ƛǘǎ 

addition is to obtain a smooth, creamy consistency and to prevent segregation. 

Ordinary Portland cement, Portland blast-furnace cement (PBFC) conforming to SANS 50197 and road lime (Lime 

for Soil Stabilization) conforming to SANS 824 can be used. 

A maximum of 1 - 1,5 % of cement or lime (by mass of dry aggregate) is recommended. 

Note: Certain aggregates might not react sufficiently with cement or lime. The use of Calcium Chloride could 

solve this problem and could be tested, starting with 0.5% addition (Refer PART E).  
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B.3      BITUMINOUS BINDERS 

B.3.1      INTRODUCTION 

The behavioural characteristics of bituminous binders and modification thereof are well described in companion 

documents SABITA Manual 2 and TG1. 

For various reasons, the need exists to classify bituminous binders based on its properties and appropriateness 

of use for specific situations. The following sub-sections describe the classification systems applied in South 

Africa.  The Performance Grade classification has not yet been implemented for surface treatment binders. 

Therefore, this manual still refers to the various unmodified (conventional) binders as per SANS specifications 

and modified binders as per SABITA manual TG1 [13]. 

B.3.1.1      Penetration Grade 

The bitumen is classified in terms of the penetration of a standard needle into the bitumen under standard 

conditions of load, time and temperature. The penetration is expressed in units of dmm  (0.1) mm of a standard 

needle. The standard conditions are a load of 100 g, time of 5 sec and a temperature of 25°C. The higher the 

penetration the softer the bitumen. 

B.3.1.2     Performance Grade 

Key aspects of this classification are as follows: 

¶ The specified criteria remain constant, but the temperature at which the criteria must be achieved changes 
for the various grades.  

¶ The tests specified measure physical properties that can be related directly to field performance by 
engineering principles and are conducted at temperatures that are encountered by in-service pavements. 
A central theme of the Specification is its reliance on testing bituminous binders in conditions that simulate 
the three critical stages during the binder's life: 
o Tests performed on the original binder represent the first stage of transport, storage, and handling.  
o The second stage represents the binder during mix production and construction and is simulated for 

the Specification by ageing the binder in a rolling thin film oven. This procedure exposes thin binder 
films to heat and air and approximates the ageing of the binder during mixing and construction. 

o The third stage occurs as the binder ages over a long period as part of the asphalt or surface treatment 
layer. This stage is simulated for the Specification by the pressure ageing vessel (PAV). This procedure 
exposes binder samples to heat and pressure in order to simulate years of in-service ageing in a 
pavement. 

South Africa is in the process of changing to Performance Grade (PG) classification, which will be specified in 

SANS 4001 BT ς 10. Currently the specifications are provided in a technical specification (SATS 3208). The 

classification for asphalt denotes a maximum temperature (Tmax) and a minimum temperature (Tmin) together 

with a traffic category i.e. Standard (S), High (H), Very High (VH) and extreme (E). 

Example: PG 64 -16 H 

Where: 

Tmax = The maximum pavement design temperature at a depth of 20 mm in asphalt and allowable rut 
depth of 12.7 mm 

Tmin  = The actual minimum grading temperature for fatigue related cracking 
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Important Notes: 

¶ The PG binder classification and specifications have been implemented for asphalt (Refer SABITA 
Manual 35) [14], but not yet for surface treatments. 

¶ Designers, in future, will specify the appropriate binder according to the performance grade required, 
regardless of any possible modification. 

¶ Different to asphalt surfacings, where the relevant temperatures apply to 20mm from the surface, the 
critical temperature for surface treatments is at the surface (typically 3oC higher than 20mm below). 

¶ This manual will be updated when PG binder specifications have been finalised for surface treatments. 

 

B.3.2      UNMODIFIED BINDERS (CONVENTIONAL BINDERS) 

Unmodified bituminous binders used in the construction of surfacing seals should conform to the specifications 

of the latest SANS specifications, which are listed below. 

ω Penetration-grade bitumen complying with SANS 4001-BT1 
ω Cut-back bitumen complying with SANS 4001ςBT2: 
ω Anionic bitumen emulsion complying with SANS 4001ςBT3 
ω Cationic bitumen emulsion complying with SANS 4001ςBT4 

If a decision is made to cut back penetration grade or polymer modified bitumen (to improve aggregate adhesion, 

facilitate the spraying of bitumen at a low residual binder application rate, reduce the viscosity of the binder or 

for any other reason), only MC30 (cut-back bitumen) is recommended. (Refer PART E). 

Note: The reader is also referred to the Sabita publication: Guide for the control of HSE hazards associated with 

the field production of medium curing cutback bitumen. 

B.3.3      MODIFIED BINDERS 

The Technical Guideline for the use of Modified Binders in Road Construction (TG1) describes the different binder 

classifications and applications thereof in great detail. The product requirements for binders used in surface seals 

are reproduced in this document. It is important that the reader refers to the latest version of TG1 as the 

specifications may change from time to time.  

A generic system has been developed for classifying modified binders according to four main criteria based on 

application type and temperature, type of polymer used, and a numerical value. The following codes are used to 

designate the different classes of modified binders: 

ω Type of application: 

o Spray seal (S); 
o Asphalt (A); 
o Crack sealant (C). 

ω Type of binder system: 

o Emulsion ς If the product is an emulsion then the letter C would follow directly after the letter 
indicating the type of application; 

o Hot applied ς No letter is used after the letter indicating the type of application. 
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ω Predominant type of modifier used: 

o Elastomer (E) e.g. A-E1; 
o Plastomer (P) e.g. A-P1; 
o Rubber (R) e.g. S-R1; 
o Hydrocarbon (H) e.g. A-H1. 

¶ Level of modification: 

This is indicated by a numerical value. The higher the number the higher the softening point value of the 
binder, but this does not necessarily imply improved overall performance properties.  

An additional code can also be used for classification purposes to indicate whether or not the use of a fluxing 

ŀƎŜƴǘ ƻǊ ŎǳǘǘŜǊ ƛǎ ǇŜǊƳƛǘǘŜŘΦ {ƘƻǳƭŘ ǘƘŜ ōƛƴŘŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ƴƻǘ ǇŜǊƳƛǘ ǘƘŜ ǳǎŜ ƻŦ ŦƭǳȄ ƻǊ ŎǳǘǘŜǊ ǘƘŜ ƭŜǘǘŜǊ άǘέ 

should be shown in brackets after the classification. 

As an example, a classification of SC-E2(t) indicates the following: 

¶ S - The binder is intended to be used in a surfacing seal; 

¶ C - The binder is an emulsion; 

¶ E - The main modifier is an elastomer type; 

¶ 2 - The binder has a higher softening point than an SC-E1; 

¶ (t)  - The use of a fluxing agent or cutter is prohibited. 

The properties for hot applied polymer modified binder for surface seals are given in Table B 11.  Table B 12 

contains the properties for cold applied modified binders for surface seals. The properties of bitumen-rubber 

binders used in surface seals are contained in Table B 13. The test methods with MB pre-script refer to the test 

methods contained in the TG1 document. 

Table B 11  Properties of Hot Applied Polymer Modified Binders for Surfacing Seals 

Property Unit Test Method Class 

Before ageing   S-E1 S-E2 

Softening Point1 °C MB-17 50-70 60-80 

Elastic recovery @ 15°C % MB-4 >50 >60 

Dynamic Viscosity @ 165°C Pa.s MBς18 ҖлΦрр ҖлΦсл 

Storage Stability @ 180°C2 °C MB-6 Җр Җр 

Flash Point °C ASTM D92 җнол җнол 

After ageing (RTFOT) 

Mass change3 % MB-3 ҖмΦл ҖмΦл 

Elastic recovery @ 15°C % MB-4 >50 >60 

Notes: 

1. The softening point values obtained for bitumen modified with SBS will tend to fluctuate over time 
 and on reheating.  

2. Certain base bitumens, when used in the production of modified binders, are prone to cause 
 segregation of the modified binder. The Storage Stability test result should be interpreted as an 
 indicator of the compatibility of the base bitumen and the modifier used. In cases where compliance 
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 limits are not met, proposals of site agitation procedures of the binder to prevent segregation shall 
 be submitted to the client for consideration. In all cases whenever there is any reason to believe that 
 the composition of the base bitumen has changed, the test shall be repeated to ensure compliance or 
 to determine the need for measures to prevent segregation 

3. Mass loss gives an indication of the presence of volatiles in the binder. 

 

 Table B 12  Properties of Polymer Modified Emulsions for Surfacing Seals 

 

Property 

 

Unit 

 

Test Method 

Class 

SC-E1 SC-E2 

Binder content (m/m)1 % MBς22 65-68 70-73 65-68 70-73 

Saybolt Furol viscosity @ 50°C sec MBς21 51-200 51-400 51-200 51-400 

Residue on 

sieving2 

(/100 ml) 

710µm sieve g MB-23 ҖлΦм ҖлΦм 

150µm sieve ҖлΦр ҖлΦр 

Particle charge  MBς24 positive positive 

Sedimentation after 60 rotations  SANS 4001 BT3  

nil 

 

nil 

Recovered binder residue  MB-203   

Softening point  °C MBς17 җпу җрр 

Elastic recovery @ 15°C  % MB-4 җрл җрр 

Notes: 

1. For steep inclines, severe cross fall and higher application rates it is advisable to use the higher binder 
content emulsion to reduce runoff. 

2. Pour the emulsion through the larger sieve to remove the skin and larger particles before passing the 
 emulsion through the finer sieve. 

3. Either the rotary vacuum or the simple evaporation method can be used. For on-site testing the 
 simple method is more practical and is thus recommended. The simple method retains most of the 
 fluxing oils whereas these are removed in the rotary vacuum method. The latter method renders a 
 better indication of the binder properties after in-service curing. 
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Table B 13  Properties of Bitumen Rubber for Surfacing Seals 

 Property Unit Test Method 
Bitumen Rubber Class 

S-R1 S-R2 

Softening Point °C MB-17 55 ς 65 65 ς 80 

Dynamic viscosity at 190°C 
dPa.s MB-13 

20 ς 40 - 

Dynamic viscosity at 170°C - 10 ς 40 

Compression 

Recovery 

5 minutes 

% MB-11 

> 70 > 70 

1 hour > 70 > 70 

24 hours > 40 > 25 

Resilience at 

25°C 
  % MB-10 13 ς 35 10 ς 40 

Flow at 60°C   mm MB-12 15 ς 70 0 ς 40 

 

Table B 14  Properties of Polymer Modified Emulsions for Machine-Applied Microsurfacing 

Property Unit Test Method 

Class 

AC-E1 AC-E2 

(Overlay) (Rut filling) 

Binder content (m/m) % MBς22 62-65 62-65 

Residue on 
sieving1 
(/100 ml) 

710µm 

g MB-23 

ҖлΣм ҖлΣм 
sieve 

150µm 
ҖлΣр ҖлΣр 

sieve 

Particle charge  MB-24 positive positive 

Sedimentation after 60 rotations  SANS 4001 BT3 nil nil 

Recovered binder residue  MB-202   

Softening point °C MB-17 җпу 

Elastic recovery @ 15°C % MB-4 җрл 

Notes: 

1. Pour the emulsion through the larger sieve to remove the skin and larger particles before passing the 
 emulsion through the finer sieve. 

2. Either the rotary vacuum or the simple evaporation method can be used. For on-site testing the simple 
method is more practical and is thus recommended. The simple method retains the fluxing oils whereas 
these are removed in the rotary vacuum method. The latter method renders a better indication of the 
binder properties after in-service curing. 
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B.3.3.1      Prime Coats 

The main function of a prime is to partially penetrate the (granular) layer to which it is applied while leaving a 

small residue of binder on the surface to: 

¶ Assist adhesion between the base and the newly applied bituminous surfacing or layer; 

¶ Inhibit the ingress of water from rain into the base prior to the construction of the new bituminous 
surfacing while not hampering the migration of water in the vapour phase out of the base; 

¶ Limit the absorption of binder from the next spray application of bituminous binder into the base; 

¶ Bind the finer particles on the upper zone of the base to accommodate light construction traffic for a limited 
period until the new surfacing can be placed and to limit damage due to rain. 

Standard products available in South Africa are shown in Table B 15. 

Table B 15  Standard Products for Prime Coats 

Bituminous binder for priming  Specification 

MC-10 cut-back bitumen  SANS 4001 ς BT2 

MC-30 cut-back bitumen SANS 4001 ς BT2 

Inverted bitumen emulsion SANS 4001 ς BT5 

Various proprietary products have been developed by local suppliers and/or are still in phases of development. 

The efforts of suppliers to improve the properties of prime coats and to minimize the use of solvents are 

acknowledged. Therefore, COTO (2019) allows different products to be evaluated on the completed base against 

specific criteria. The factors influencing the selection of an appropriate product are: 

¶ Penetration depth 

¶ Drying time 

¶ Softening of the base  

¶ Permeability  

¶ Carbonation (in case of stabilised layers) 
 

Note:  More detail on prime coats can be obtained from the companion document SABITA Manual 26: 

Guidelines for primes, bond coats and stone precoating fluids.  

 

B.3.3.2     Precoating Materials 

A precoating fluid assists in reducing the surface tension between the cold surfacing aggregate and the freshly 

sprayed hot viscous binder during construction of the seal, thereby aiding the initial bond between the aggregate 

and the binder as the latter cools down 

The precoating fluid should have a low enough viscosity to coat damp or dusty surfacing aggregates and be able 

to dry within a reasonable period to deposit a thin, non-tacky residual film on the surface of the aggregate. The 

fluid should not cause a deposit of binder to be left on the site that would be harmful to the environment. 

Note: 

¶ The aggregate should conform to the specifications for dust before precoating. 

¶ ¢ƻƻ ƘƛƎƘ ŀǇǇƭƛŎŀǘƛƻƴ ŎƻǳƭŘ ŎŀǳǎŜ ŀ ΨǘŀŎƪȅ ǎǘƻƴŜέ ƛƴŦƭǳŜƴŎƛƴƎ ǘƘŜ Ŧƭƻǿ ƻŦ ŀƎƎǊŜƎŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ ŎƘƛǇ 
spreader gates. 
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Several proprietary products are available on the local market, typically manufactured using a bitumen-based 

cutback, blended from selected petroleum derivatives and a chemical adhesion agent. The addition of 0.1 - 0,5% 

amines (chemical adhesion agent) or very low percentage of nano products to the total mass of the typical 

precoating fluids is used to: 

¶ Enhance the adhesion of aggregate to the binder in the presence of moisture; and 

¶ Improve the adhesion of aggregates that have a poor affinity for bitumen for e.g. quarzitic or siliceous 
aggregates. 

In the absence of a national standard specification, the following recommendation is made based on the 

successful use of proprietary bitumen-based precoating fluids. 

Table B 16  Recommended Requirements for a Cutback Bituminous-Based Precoating Fluid 

Property Requirement Test method 

Density @ 25°C, kg/l 0,922 ς 0,928  

Dynamic viscosity @ 25°C, Pa.s 0.075 ς 0.13 ASTM D4402 

Distillation to 360°C, v/v%  

ASTM D 402 

To 190oC 0 ς 15 

225oC 15 - 55 

260oC 50 - 75 

316oC 80 - 95 

Residue from distillation to 360oC, v/v% 42 - 50 ASTM D 402 

Penetration @ 25oC of residue distilled to 
360oC 

300 EN 1426 

 

B.3.4      WATER FOR DILUTING EMULSIONS 

Water used for the dilution of emulsions on site must be suitable potable water and should be tested for 

compatibility with the emulsion before it is added to the bulk emulsion. 

B.3.5    IMPLEMENTATION GUIDELINES FOR PERFORMANCE-GRADE SPECIFICATION 

B.3.5.1  General 

The new Performance-ƎǊŀŘŜ όtDύ ǎǇŜŎƛŦƛŎŀǘƛƻƴ {!¢{ онлу ƛǎ ŀ άōǳȅŜǊΩǎέ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ŀǎ ƛǎ {!b{ пллмΥ.¢м ŀƴŘ 

ǊŜƭŀǘŜŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ ! άōǳȅŜǊΩǎέ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƛǎ ŀƴ ŜŦŦƻǊǘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ŘƛŦŦŜǊŜƴǘ ǇǊƻŘǳŎǘǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ƻƴ 

an equal footing and the best product is selected for a specific application. With the PG specification the basis 

for comparison rests on fundamental material properties that can be related to actual performance criteria. A 

detailed description of the PG specification is given in [15]. 

The PG specification framework now allows critical factors such as traffic levels and speed, climate (especially 

temperature ranges) and critical performance characteristics such as excess viscous flow during periods of 

elevated temperatures or elastic recovery after a load application to be considered. 
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It was mentioned previously that the PG implementation in SATS 3208 is based on asphalt, it is therefore 

necessary to look at some definitions and guidelines that must be considered when SATS 3208 is adopted for 

application in surfacing seal project. 

B.3.5.2   Maximum temperature (Tmax) 

The maximum pavement temperature for an asphalt layer is the average annual seven-day maximum at 20 mm 

depth in the asphalt layer, adjusted to reflect a 98% statistical reliability using climatic data from a minimum of 

20 years. Surface treatments are obviously not thick enough to satisfy this 20 mm depth definition. Research has 

shown that road surface temperatures are on average approximately 3,9°C hotter than at 20 mm depth, thus it 

is recommended to use a shift of 3°C when specifying Tmax. A PG58-22 would thus become a PG61-19 for a 

surfacing seal. The choice of a 3°C shift is purely for practical reasons.  

In the PG specification the Useful Temperature Interval (UTI), the span between the maximum and minimum 

temperatures, is maintained at a minimum of 80°C to ensure acceptable rheological properties for a binder over 

a possible variation in climatic conditions (temperature). An unmodified binder will have a UTI that cannot be 

changed even although the penetration and SP of bitumen can be changed due to further refining. The UTI can 

only be increased above 80°C by adding modifiers and the rule of thumb is that a UTI > 92°C indicates 

modification. 

B.3.5.3   Low temperature limits 

In the USA research is done on the implementation of a Seal Performance Grade (SPG) specification and the 

major difference with the PG specification lies in the low temperature requirements. Since a bituminous binder 

is a viscoelastic material conforming to the principal of the Time-Temperature Superposition (TTS) principle and 

stiffness and relaxation are critically important to cracking, both at cold temperatures and after ageing, these 

parameters are essential. The latest proposals from Texas are compared with the SA PG specification in the Table 

B 17 below. 

Table B 17 Comparison of Texas SPG proposal with SA PG specification 

Property SA PG specification Texas SPG proposal 

BBR Stiffness 

BBR Relaxation 

ɲ¢Ŏ 

{όслύ Җ олл atŀ 

m(60) җ 0.3 

ɲ¢Ŏ җ -5°C 

{όуύ Җ рлл atŀ 

m(8) җ 0.24 

ɲ¢Ŏ җ -3°C 

Texas chose to use the BBR stiffness and relaxation parameters at a shorter application time because the 

surfacing layer is so thin the frequency of the load application should be higher. The higher stiffness and lower 

relaxation now compensate for the higher load frequency, due to the TTS principal. At the time of going to press 

with this document the SPG was not calibrated yet. 

The meaning of ɲ¢Ŏ is demonstrated in Figure B  below. In the reduced time space, the ɲ¢Ŏ is the gradient 

between the critical temperatures where S and m reach their respective critical values and is closely related to 

ductility. 
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Figure B 1  Master curve of stiffness from BBR test 

It is not recommended, at least at this stage, that any adjustments be done to the PG implementation for surface 

dressings as the TTS principal should take care of any load frequency differences between an asphalt layer and a 

surfacing seal. 

B.3.5.4  South African Binders 

Engelbrecht [16] researched the performance grade properties of South African binders and found that all spray 

grade bitumen and modified binders tested complied with the SATS 3208 specification. Engelbrecht found that 

a 70/100 pen grade bitumen has a PG58-22 PG-grade, S-E1 a PG70-22 or PG76-22 depending on the base bitumen 

and an S-E2 PG76-22. No binder was found to show any signs of not complying to the SATS specification. 

B.3.5.5  Penetration and Softening Point reference to SANS 4001:BT1 

Practitioners in the surface treatment field are used to Penetration and Softening Point parameters. Research on 

ǳƴƳƻŘƛŦƛŜŘ ōƛƴŘŜǊǎ ǎƘƻǿŜŘ ǘƘŀǘ ŀ ǾŜǊȅ ƎƻƻŘ ǊŜƭŀǘƛƻƴǎƘƛǇ ŜȄƛǎǘ ōŜǘǿŜŜƴ ǘƘŜ Dϝκǎƛƴʵ ǇŀǊŀƳŜǘŜǊ ŦǊƻƳ ǘƘŜ tD 

testing and the Penetration and Softening point from conventional tests. Similar relationships exist for the 

modified binders. Initial testing on binders available for a project should explore these relationships as it will 

assist in better understanding and acceptance of the PG specifications. 
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Figure B 2  wŜƭŀǘƛƻƴǎƘƛǇ ƻŦ ǇŜƴŜǘǊŀǘƛƻƴ ŀƴŘ ǎƻŦǘŜƴƛƴƎ Ǉƻƛƴǘ ǿƛǘƘ Dϝκǎƛƴ ʵ 

B.3.5.6   Project Specifications 

The SATS 3208, like SANS 4001:BT1, is a buyer specification, allowing the user to compare binders on an equal 

basis and select a binder that will perform the best. Project circumstances will differ, both in terms of traffic 

ŀƴŘ ŎƭƛƳŀǘŜΦ /ƭƛƳŀǘŜ ŀƴŘ ǘǊŀŦŦƛŎ Ƴŀȅ ŜǾŜƴ ŘƛŦŦŜǊ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛƳƛǘǎΦ ¢ƘŜ /ƭƛŜƴǘ ƻǊ /ƻƴǎǳƭǘŀƴǘ ƻƴ ŀ ǇǊƻƧŜŎt 

may have the desire to use a specific binder determined by the circumstances on the project. For this reason, it 

is proposed that a slightly modified designation is used, i.e. 

P58H-22(CRM) or PG58H-22(PMB) 

The (CRM) and (PMB)would then force the use of crumb rubber modified (CRM) binder or polymer modified 

binder (PMB). This is acceptable in a project specification. 

SANRAL is at present busy preparing new pro-forma project specifications based on the new COTO 

specification that will be implemented in 2021. 

B.3.5.7  Conclusion 

There is no compelling reason why the SA PG specification SATS 3208 cannot be used for surface treatment 

applications. The only important adaptation that is required is the 3°C shift in the maximum temperature. The 

design engineer should test the available binders and make a judgement from the results from these tests. 
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B.4      SUMMARY OF TEST METHODS 

All materials used in surfacing seals should comply with the relevant specifications mentioned in this document. 

In order to ensure compliance with the specifications, all tests on these materials should be carried out according 

to standard test methods.  

Several of the standard test methods have been or are in the process of adjustment to SANS Specifications. Table 

B 17 and Table B 18 provide lists of relevant tests, the existing/ old test method and the replacement test method. 

Note: Tests for modified binders are available the companion document TG1. 

Table B 18   Aggregate Tests 

Aggregate tests Test method 

Sieve Analysis  SANS 3001-AG1 

Aggregate crushing value 
 SANS 3001-AG10 

10% FACT 

Flakiness Index  SANS 3001-AG4 

Polished Stone Value  SANS 3001-AG 11/EN 1097 

Fines content  SANS 3001-AG1 

Magnesium Sulphate soundness tests  SANS 3001-AG12 

Los Angeles abrasion test,  AASHTO T96, ASTM C131 

Ethylene glycol durability index       SANS 3001-AG14 
  
Sand Test method 

Sieve Analysis  SANS 3001-AG1 

Sand equivalent  SANS 3001-AG5 
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Table B 19  Tests for Conventional Bituminous Binders 

Penetration grade bitumen Test method 

Penetration  EN 1426 

Softening Point  ASTM D36 

Viscosity (before and after Rolling Thin Film Oven 
Test)  ASTM D4402 

Ductility (before and after Rolling Thin Film Oven Test)  ASTM D92  

Change in mass after Rolling Thin Film Oven Test  ASTM D2872 

Spot Test  AASHTO T102 
  
Cutback bitumen   

Kinematic viscosity  ASTM D2170 

Distillation  ASTM D402 

Penetration of residue  EN 1426 
  
Cationic bitumen emulsions  
Viscosity  ASTM D244 

Binder content  ASTM D244 

Fluxing agent content   ASTM D244 

Particle charge  SANS 4001-BT4 

Residue on sieving  SANS 4001-BT4 

Binder deposit on cathode   SANS 4001-BT4 

Sedimentation  SANS 4001-BT4 

   
Anionic bitumen emulsions  
Viscosity  ASTM D244 

Binder content  ASTM D244 

Residue on sieving  SANS 4001-BT3 

Sedimentation  SANS 4001-BT3 
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C.1     INTRODUCTION 

C.1.1      CONTEXT  

Manual 40 comprises eight parts: 

¶ Part A: General  

¶ Part B: Materials  

¶ Part C: Performance (This document) 

¶ Part D: Selection of Seal type and binder  

¶ Part E: Design  

¶ Part F: Construction 

¶ Part G: Quality Assurance 

¶ Part H: Repair of premature failures 

C.1.2      OBJECTIVES 

The purpose of PART C is to discuss the performance of surface treatments and factors that could influence the 

expected service life. PART C provides a background to the selection of appropriate seal and binder types and 

highlights important aspects that should be taken into consideration during design and construction. 

C.1.3      SCOPE 

PART C first discusses the influence of several factors as listed below and then provides a summary of the main 

ŘƛǎǘǊŜǎǎ ǘȅǇŜǎ ǊŜǎǳƭǘƛƴƎ ƛƴ ǘƘŜ άŜƴŘ ƻŦ ǎŜǊǾƛŎŜ ƭƛŦŜέ ōŜƛƴƎ ŀƎƎǊŜƎŀǘŜ ƭƻǎǎΣ ǘŜȄǘǳǊŜ ƭƻǎǎΣ ŎǊŀŎƪƛƴƎ ŀƴŘ ǇŜǊƳŜŀōƛƭƛǘȅΦ 

¶ Pavement structure and condition 

¶ Existing substrate 

¶ Traffic  

¶ Road geometry 

¶ Design 

¶ Materials 

¶ Preparation, pre-treatment and repairs before construction 

¶ Seal structure 

¶ Construction and supervision 

¶ Maintenance 

¶ Physical and social environment 
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C.2      GENERAL 

The main functions of a surfacing as discussed in Part A are to: 

¶ Provide a waterproof cover to the underlying pavement 

¶ Provide a safe all-weather, dust-free riding surface for traffic with adequate skid resistance 

¶ Protect the underlying layer from the abrasive and destructive forces of traffic and the environment. 
 
Since most seals are relatively thin, they have very little load distribution properties.  However, the seal itself 
should be able to accommodate the horizontal and vertical traffic-induced stresses, not to shear or lose 
aggregate. 

Failure of the surfacing to fulfil any one of these functions would indicate the end of its effective service life. 

Performance is related to both the effective service life and the degree to which the functions are fulfilled. 

The performance of a seal is influenced by various factors and combinations thereof. In this PART the most 

important factors influencing initial and long-term performance are discussed. This chapter also serves as an 

introduction to materials selection (PART D), design of appropriate surfacings (PART E), and construction (PART 

F). 

Notes:  

¶ The first and most important factor influencing the performance of a surface treatment is the selection 
of the appropriate seal type and binder for a given situation. Any initial surface treatment selected 
according to PART D should give a service life of at least ten years. 

¶ The expected service life of a reseal is highly dependent on the condition of the existing pavement. 
However, selecting the appropriate reseal seal type and binder according to the guidelines in PART D will 
maximise the service life 

The performance of a surface treatment and conditions causing a terminal state (end of life) could be measured 

in terms of: 

¶ Aggregate loss (stripping). 

¶ Reduced skid resistance influenced by texture loss and polishing of the aggregate. 

¶ inability to retard crack initiation and crack reflection. 

   

Figure C 1  Distress DŜŦƛƴƛƴƎ άEnd-of-LƛŦŜέ 

Following discussion on influencing factors, a summary is provided in C.5, highlighting the main risks related to 

premature failure as well as the best performing seal and binder types for specific situations. 

 

C.3 PAVEMENT STRUCTURE AND CONDITION 
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The performance of a seal is, to a large extent, governed by the structural adequacy of the pavement layers under 

the influence of wheel loads. A seal acts mainly as a wearing course resisting the abrasive action of the moving 

wheel load and it seals the road pavement to prevent the ingress of surface water. 

C.3.1 BASE OR EXISTING SURFACE CONDITION  

C.3.1.1 Soft Upper Base 

C.3.1.1.1  Embedment 

The resistance to aggregate penetration into the base could be influenced by: 

¶ The type of material in the base, the degree of compaction and the moisture content. 

¶ A layer of fine material on a crushed stone base (not properly broomed). 

¶ High application of a prime coat with solvents. 

¶ Seal type (structure) and stiffness. 

As shown in Figure C 2, the stress concentration with a passing wheel on a single seal (still with a new soft binder) 

extends to approximately the ALD of the aggregate.  

 

Figure C 2  Stress Concentration [1]  

Figure C 3 shows high embedment of a single aggregate layer into a soft wet base during construction. 

 

Figure C 3  Effect of a Soft Wet Base on Stone Embedment During Construction 

Notes: 

¶ The moisture content in a granular base will increase after application of a prime and seal, resulting in 
a higher sensitivity to embedment [2]. Figure C 4 highlights the increase in embedment potential due to 
the increase in moisture content. 

¶ This is also true for emulsion treated or foam treated bases. 
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Figure C 4   Increase in Ball Penetration after Prime on a Foam Treated Base 

The embedment of surfacing aggregate into the base will reduce the voids in the seal and may result in a fatty or 

bleeding surface and/or in skidding problems. 

C.3.1.2 Flexural Properties of the Pavement Structure 

High deflections in the upper part of the pavement structure may result in fatigue of the pavement layers and 

the surfacing. Rigid seals, cold temperatures and oxidation of the binder will aggravate cracking and ravelling of 

the surfacing. It is, therefore, important to: 

¶ Ensure that the base (if granular and not stabilised) is at dried out to below 50% of Optimum Moisture 
Content (OMC) before application of the prime coat and before application of the seal.  

¶ Select a seal and binder suitable for the existing or expected pavement behaviour characteristics. 

The degree to which embedment and/or fatigue cracking will occur is a function of the seal structure and 

stiffness. 

As explained in Figure C 5, whereas the individual aggregate of a new single seal would embed in a soft substrate, 

a stiffer seal (e.g. Cape seal) or an aged seal would rather act as a mat, which would fail in cohesion (fatigue) with 

repeated loads on a soft layer. 

 

Figure C 5  Effect of Ageing (Oxidative Hardening) 
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Figure C 6 shows and example of a stiff Cape seal failing on a thin soft layer.  

 

Figure C 6  Cracking of a Cape Seal on a Thin Soft Layer 

A thin loose layer or a wet layer directly under the seal will result in a low radius of curvature (ROC) and rapid 

fatigue of the seal layer.  Conducting numerous Road Surface Deflection (RSD) and Falling Weight Deflectometer 

(FWD) tests on sound and cracked seals resulted in the conclusion that the Radius of Curvature (ROC), or 

alternatively the difference between the peak deflection and the deflection closest to the impact load, provides 

a good indication of the expected seal performance [3]  

The effect of a wet and dried out upper base layer (50mm) underneath the seal is shown in Figure C 7. Deflection 

measurements were taken before and after removal of the seal and then, after one and two days after allowing 

the base to dry out. 

 

Figure C 7  Effect of Moisture Content in the Upper Base on ROC 

Notes: 

¶ Cracking only occurred in the seal and not in the base. 
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¶ Sound areas (non-cracked) all exhibited ROC of more than 120m and upper base MC less than 2.4%.  

C.3.1.3 Coarse and Varying Substrate Macro Texture 

Coarse textures on a new base could result in the base aggregate being in contact with the vehicle tyres as 

shown in Figure C 8 and Figure C 9. 

 

Figure C 8  Base Aggregate Visible in Seal Structure 

 

Figure C 9  Base Aggregate Protruding above Seal 

Dependent on the seal type this could lead to cracking in the seal, water ingress and failures in the upper base 

as shown in Figure C 10. 

 

Figure C 10  Base Aggregate in Contact with Tyres and Subsequent Failures 

As discussed in PART D and PART E, large aggregate could also bridge on the existing coarse texture, requiring 

additional binder to fill the voids. The effect is shown in Figure C 11. 
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Figure C 11  Bridging of Large Aggregate Reseal 

Although not impossible to obtain a good performing seal if the existing texture is uniform, experience indicates 

that the risk of poor performance could be minimized by applying a void-filling seal (texture treatment) such as 

a thin slurry seal before the final seal is constructed. 

Based on the above discussion, recommended maximum texture depths for different seal types are provided in 

Table C 1. 

Table C 1  Recommended Maximum Texture Before Applying a Texture Correction Layer 

Seal Code Final surfacing type Max Texture 

allowed 

S1(10)  Single seal with 10 mm aggregate 0.8 

S1(10)  Single seal with 10 mm aggregate (with cover spray) 1.0 

S1(14)  Single seal with 14 mm aggregate 0.8 

S1(14)  Single seal with 14 mm aggregate (with cover spray) 1.5 

S1(14)  Single seal with 14 mm aggregate (with Bitumen rubber) 1.2 

S2(10/S) Double seal with 10 mm aggregate and sand  1.0 

S2(14/S) Double seal with 14 mm aggregate and sand 1.5 

S4(10) Cape Seal with 10 mm aggregate and one layer of slurry 1.5 

S4(14) Cape Seal with 14 mm aggregate and one layer of slurry 2.0 

S4(20) Cape Seal with 20 mm aggregate and two layers of slurry 2.5 

S2(14/7) Double seal with 14 mm aggregate and a layer of 7 mm aggregate  1.5 

S2(14/5) Double seal with 14 mm aggregate and a layer of 5 mm aggregate 1.5 

S2(20/10) Double seal with 19 mm aggregate and a layer of 9,5 mm aggregate 2.0 

S2(20/7) Double seal with 19 mm aggregate and a layer of 6,7 mm aggregate 2.0 

S2(20/7/7) Double seal with 19 mm aggregate and two layers of 6,7 mm aggregate 1.5 

 

C.3.1.4 Surface Irregularities 

Apart from the effects of coarse and varying macro texture, surface irregularities (small undulations) could 

result in: 

¶ Accumulation of a low viscosity binder in hollows with bleeding. 
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Figure C 12  Undulations Causing Ponding of Binder and Bleeding 

¶ Poor compaction of the seal. 

Undulated/irregular surfaces result in flat steel wheel rollers bridging and not able to properly compact the seal 

layer. It is essential that pneumatic tyred rollers are used for single and double seals. 

 

Figure C 13  Loss of 7 mm Aggregate on a S2(14/7) Double Seal due to Poor Compaction 

C.3.1.5 Reflection Cracking 

The reflection of cracks through the surfacing can be related to the magnitude and frequency of the movement 

between the crack walls due to load repetitions, chemical reactions (which cause shrinkage), temperature 

changes or changes in moisture condition. The greater the crack activity the more quickly crack reflection will 

occur. However, the binder film thickness and binder rheological properties have a significant influence on the 

time to crack reflection. 

Following a study, using performance data on more than 600 road sections with different seal types and binders 

[4], calibration factors for use in the HDM4 software have been determined. Figure C 14 highlights the following: 

Increase in aggregate size (surrogate for binder film thickness) increases the time before crack reflection 

Seals with polymer modified binders perform approximately 25% better than conventional binders to retard 

crack reflection 

Bitumen rubber has the ability to retard crack reflection with 70% - 200% longer than conventional binders 

Calculating the calibration factors from study results on the former Transvaal Roads Department network [5], a 

similar range for bitumen rubber performance was obtained. However, the results from this study [5] showed 

better performance of the polymer modified binders.  
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Figure C 14  Effect of Binder Type and Film Thickness on Crack Reflection 

Note:  The calibration factor Kcia for time to crack initiation in HDM4, is calculated by the measured time to 
0.5% crack reflection divided by the HDM4 predicted time to 0.5% crack reflection. 

 

Although mainly used for patching and not on a large scale as full-width seals in South Africa, geotextile seals 

have shown remarkable resistance to crack reflection. One example highlighted in Figure C 15 shows a geotextile 

seal with a polymer modified binder, applied on a severely cracked asphalt layer with no crack reflection after 10 

years. The section in the foreground shows a 40mm continuous graded asphalt, placed on the same severely 

cracked asphalt layer at the same time. 

 

 

Figure C 15  S2(20/7/7) Geotextile Seal with S-E1 Compared with 40mm AC after 10 Years 

 

 

 



MANUAL 40:  DESIGN AND CONSTRUCTION OF SURFACE TREATMENTS 

 

83 

 

C.3.2 TRAFFIC 

C.3.2.1 General 

The number, type and combination of vehicles have a marked influence on the performance of a seal.  Heavy 

vehicles have a much greater influence on the performance of a seal (embedment of aggregate) than light 

vehicles. In this document, for purposes of seal design, the effect of one heavy vehicle is considered to be equal 

to that of 40 light vehicles. In earlier guidelines [6] an equivalency factor of 20 was used, but increases in axle 

loads and tyre pressures have necessitated the use of a higher value. 

Although the influence of traffic is interrelated with other factors such as road geometry, the influence of the 

following traffic parameters is considered important. 

C.3.2.2 Volume 

The number of vehicles (especially heavy vehicles) greatly affects embedment, with all vehicles contributing to 

stone orientation, wearing and polishing of the stone. These factors reduce the voids in the seal and could result 

in flushing and reduction in skid resistance. Although it is believed that a seal requires a minimum number of 

vehicles per day to keep the binder alive and flexible, a recent study recovering binders from the wheel track and 

from untrafficked shoulders, suggested no significant difference in binder stiffness development over periods up 

to twenty-four years [3].  

C.3.2.3 Loading 

Heavy axle loads cause more rapid embedment of the stone into the existing surface than light vehicle loads. 

Cognizance should be taken of the continuous increase in axle loads occurring in South Africa. 

C.3.2.4 Tyre Pressures 

Recent research shows that tyre inflation pressure (or rather contact stress) has a major influence on bleeding 

and that certain vertical stresses induced on the surfacing can be much higher than the tyre inflation pressures. 

Heavy Vehicle Simulator tests showed that there was a significant increase in flushing on sections trafficked with 

similar wheel loads but with higher inflation pressures. It should be noted that the typical heavy vehicle tyre 

pressures increased over the past two decades from 520 kPa to 700 kPa or more.  

C.3.2.5 Vehicle Type and Actions  

Vehicles with tandem or tridem axles, turning at intersections, or into/from access roads, cause severe damage 

to surfacings.  Distress typically observed is slippage, scuffing, debonding of the surfacing or ravelling. 

C.3.2.6 Speed 

Surfacings under slower-moving traffic (typically less than 40km/h) generally do not perform as well as those 

trafficked by fast-moving vehicles. The reasons for this are the extended period of loading, visco-elastic behaviour 

of the binder, higher horizontal stresses induced as a result of traction, particularly of heavy vehicles accelerating 

or braking, and fuel or oil spillage. 

C.3.2.7 Traffic patterns? 

Traffic which is concentrated in particular wheel paths (typical on narrow roads), or which occurs early on during 

the life of the seal (when the binder is still soft), or during cold temperatures (when the binder is brittle), will 

adversely affect the performance of the seal. 
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C.3.3 ROAD GEOMETRY 

Several aspects of the road geometry may contribute to the poor performance of the surfacing seal, as 

highlighted below: 

C.3.3.1 Gradient 

Steep gradients may, because of the traction force of vehicle tyres, may result in debonding or slippage of the 

surfacing, or in flushing.  The risk of poor seal performance on ascents and descents increases because of 

construction difficulties at these sites. 

 

Figure C 16  Shear and Slippage of a Microsurfacing on a Smooth Base 

Steep gradients cause slower vehicle speeds and often result in flushing.  

Canalized water flow down steep gradients can have a severe erosion effect on stone seals. This is particularly 

true for roads and streets with kerbs in wet, hilly environments. 

 

Figure C 17  Erosion of a Double Seal in a Wet Hilly Urban Environment 

Low viscosity binders, such as standard emulsions (discussed under C.4.2.4.2), after application run off the road 

surface resulting in too little binder to hold the aggregate and subsequent aggregate loss. 
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C.3.3.2 Sharp Curves 

Sharp curves cause vehicles to induce high horizontal stresses on the surfacing. These may result in ravelling and 

ǎƭƛǇǇŀƎŜ ƻŦ ǘƘŜ ǎǳǊŦŀŎƛƴƎΦ ±ŜƘƛŎƭŜǎ ƻƴ ƭƻǿŜǊ ǾƻƭǳƳŜ ǊƻŀŘǎ άŎǳǘέ ŎƻǊƴŜǊǎΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ǘƘŜ ƻǳǘŜǊ ǇŀǊǘ ƻŦ ǘƘŜ ǊƻŀŘ 

becoming dry and brittle, with consequent stone loss. Because of the super-elevation on curves, higher loads are 

transferred to the inner side of curves, often resulting in fattiness. The situation may be aggravated by excess 

ōƛƴŘŜǊ ŀŎŎǳƳǳƭŀǘŜŘ ŀǘ ǘƘŜǎŜ ǇƻǎƛǘƛƻƴǎΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ άǊǳƴ-ƻŦŦέ ŘǳǊƛƴƎ ŎƻƴǎǘǊǳŎǘƛƻƴΦ 

 

Figure C 18  Run-off on Camber Resulting in Fattiness 

C.3.3.3 Intersections 

Braking and acceleration, particularly of heavy vehicles, create high horizontal stresses in the surfacing, which 

may result in the slippage, flushing and deformation of the surfacing. Fuel and oil spillages at intersections 

aggravate flushing and deformation. 

As mentioned in C.3.5.4, turning actions of heavy vehicles, particularly those with tandem or tridem axles, may 

cause ravelling and slippage of surfacings at intersections. 

 

Figure C 19  Sensitivity of a Single Sand Seal at Intersections 

Therefore, sand seals, thin slurries, single and double seals are sensitive to turning actions soon after 

construction. 

Cape seals, double seals and single seals, locked-in with coarse sand or slurry, are much more resistant to 

raveling. 
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C.3.3.4 Road width 

Concentrated wheel movements occur on narrow roads, usually resulting in fattiness in the wheel tracks, 

brittleness between the wheel tracks, and in edge breaks. This aspect is accommodated for in the design ς PART 

E. 

 

C.3.4 DESIGN 

During the design process care should be taken to allow for all the different situations which might occur on a 

specific road. The pre-design investigation is, therefore, regarded as very important to ensure proper design and 

maximum seal performance.  During construction the designs may be adjusted to incorporate new information 

or changed conditions. 

  

C.3.5 AGGREGATE 

C.3.5.1 Function 

As stated in PART B: Section B.2.2, The aggregate in a seal has four main functions: 

¶ It provides resistance to the abrasion of moving wheel loads and transfers the wheel load to the 
underlying pavement structure; 

¶ It provides a skid-resistant surface; 

¶ Lǘ ǇǊƻǾƛŘŜǎ ŀ ǎǘǊǳŎǘǳǊŜ ǘƻ ŀŎŎƻƳƳƻŘŀǘŜ ǘƘŜ ŜƭŀǎǘƛŎ ŀƴŘ άƛƳǇŜǊƳŜŀōƭŜέ ōƛǘǳƳƛƴƻǳǎ ōƛƴŘŜǊ ŀƴŘ Ƙŀǎ 
sufficient voids to prevent the binder flushing to the surface under loading, and   

¶ It protects the binder from the harmful ultra-violet rays of the sun. 

Notes: 

Certain aggregate characteristics may have functional value, for example: 

¶ use of light-absorbing qualities to prevent glare, and 

¶ provision of a different texture or colour to define demarcated areas. 

The factors affecting performance are well described in Section B.2.2.   
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C.4 BINDER 

C.4.1 GENERAL 

The service life and performance characteristics of a seal depend on good adhesion between the binder, stone 

and road surface and on the durability and flexibility of the binder under different climatic conditions. Adhesion 

is one of the paramount functions of the binder. Loss in retention of the aggregate, the degree of aggregate 

whip-off and durability are all related to the adhesive strength developed by the binder, which depend on the 

type, grade and amount of binder applied. 

A properly selected binder fulfils two primary functions - it develops both adhesive and cohesive strength. Initially 

it is fluid to allow time for placing and wetting of the stone and then rapidly becomes harder. The cohesive 

strength of the binder facilitates opening to the traffic and prevents the stone from rolling over and adhering to 

vehicle tyres. 

The binder should be able to withstand "softening-up" under the higher temperatures encountered in service 

and to retain the stone under the action of moving wheel loads. On the other hand, at colder temperatures, the 

binder should stay flexible for as long as possible to prevent reflection cracking, to accommodate road deflections 

and to prevent, as far as possible, the ingress of moisture into the base. 

Notes: 

¶ The performance grade classification (PG grades) currently being implemented is, amongst other reasons 
aimed at selecting a binder that could perform well under expected road surface temperatures. 

¶ Cutback binders such as MC3000 could be extremely sensitive when applied during high road surface 
temperatures ς typically higher than 40oC. 

 

C.4.2 FACTORS AFFECTING PERFORMANCE 

Binder-related factors which affect the performance of a seal are: 

ω Binder type and properties. 
ω Grade of binder. 
ω Binder application rate. 
ω Viscosity at time of application. 

 

C.4.2.1 Binder Type and Properties 

C.4.2.1.1 General 

Penetration grade bitumen, cut-back bitumen, bitumen emulsions and modified bitumen are used as binders for 

the construction of seals. If the appropriate conventional binder type (penetration grade, cut-back bitumen and 

bitumen emulsion) is selected for the specific conditions, the longer-term performance of seals with these 

binders should be comparable.  

The use of modified binders in South Africa (hot modified binders and modified emulsions) has increased greatly 

in recent years because of improved performance regarding adhesion, elasticity, lower sensitivity to bleeding 

and ability to retard crack reflection - even at sub-zero temperatures. Although these products are more 
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expensive than conventional binders, their improved properties can be cost-effective by ensuring extended 

pavement life, less maintenance and, consequently, lower life-cycle costs.  

The selection of the appropriate type of binder for the prevailing conditions and critical binder combinations are 

discussed in Part D. If these guidelines are followed, the risk of poor performance will be minimized. 

The results shown in Figure C 14 above confirm that the rate of crack reflection through a new reseal is a function 

of the type of binder and the film thickness. [3]  The results further indicate that polymer modified binders (S-

E1) provide approximately 25%, and the bitumen rubber (S-R1)  more than 70% additional service life, when 

compared to conventional binders.  

Macro texture depth data collected over a period of five years on highly trafficked road sections (3500 ς 4000 

vehicles per lane per day), after sealing with bitumen rubber single seals, were analysed and expressed as texture 

retention over time [8]. Figure C 20 shows the much slower loss in macro texture of bitumen rubber seals, when 

compared to single seals with other binders.    

 

Figure C 20   Macro Texture Retention of Bitumen Rubber Seals Compared With Other Binder Seals 

C.4.2.1.2 Ageing characteristics 

Several factors contribute to age hardening of bitumen [4] and include: 

¶ Oxidation: Reaction of oxygen with the binder, the rate depending on the character of the bitumen (source) 
and the temperature 

¶ Volatilisation: The evaporation of the light fractions from binders (Primarily a function of temperature) 

¶ Polymerisation: A combination of like molecules to form larger molecules, resulting in progressive 
hardening. 

¶ Thixotropy: (Steric Hardening) A progressive hardening due to the formation of a structure within the 
binder over a period of time. 

¶ Syneresis: A reaction in which the expulsion of thin oily liquids to the surface of the binder film 

¶ Separation: (exudation) The removal of the oily constituents, resins, or asphaltenes from the bitumen 
caused by absorption into porous aggregates. 
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The hardening of the binder during the service period of a seal (long term aging) is mainly due to oxidation with 

the rate of the oxidative hardening a function of the binder properties, the environment and the degree of 

exposure to oxygen and water within the seal structure.  

aŜŀǎǳǊŀōƭŜ ŎƘŀƴƎŜǎ ǘŀƪŜ ǇƭŀŎŜ ǿƛǘƘ ōƛƴŘŜǊ ŀƎŜƛƴƎ ǎǳŎƘ ŀǎ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǇŜƴŜǘǊŀǘƛƻƴΣ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ΨǎƻŦǘŜƴƛƴƎ 

ǇƻƛƴǘΩΣ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǾƛǎŎƻǎƛǘȅΦ 

Recovering the binder from seventy-four seals, constructed over a period of twenty-four years in different 

climatic regions [3] confirmed differences in the ageing characteristics of one binder type in different seal 

structures (refer Figure C 21) and also highlighted a significant difference in stiffness development of different 

binders as shown in Figure C 22. 

 

Figure C 21  Difference in Age Hardening of a Binder in a Single and a Double Seal 

 

 

 

 

 

 

 

 

 

 

Figure C 22  Difference in Stiffness Development between Conventional and Polymer Modified Binders 
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Note:  

G* = Complex Shear modulus 

Figure C 22 suggests that the rate of stiffness development of polymer modified binders (as used in South Africa) 

is much higher than a conventional 70/100 Pen bitumen. However, when evaluating the initial stiffness 

development between the two binders, it appears as if the rate of development for 70/100 Pen bitumen during 

the first five years is higher than the S-E1 (Polymer modified binder). 

With reference to the discussion under C.3.1.5: Reflection cracking and the extended life obtained by the use of 

modified binders, it is clear that G* by itself does not define ageing or the sensitivity to cracking.  

C.4.2.2 Binder Grade 

C.4.2.2.1 General 

The selection of the appropriate grade of conventional binder to be used is governed by: 

ω The expected climatic conditions during construction 
ω The long-term performance at local ambient temperatures. 

Note: 

Refer to PART B: Materials regarding the development of Performance Grade (PG) binder specifications 

C.4.2.2.2 Penetration grade 

Each grade of penetration grade bitumen is characterized by its own temperature/viscosity relationship and 

has an optimum range over which the bitumen can be sprayed, stored, mixed or pumped. It is essential that 

the viscosity be kept within the range for spray application in order to obtain optimum performance of the 

binder, and it is important to refer to the temperature/viscosity curve for the particular binder to determine 

the temperature range for spray application. 

C.4.2.2.3 Cut-back bitumen 

Cut-back bitumen is classified in terms of kinematic viscosity and, like penetration grade bitumen, they also have 

characteristic temperature/viscosity curves for each grade of cut-back bitumen. Because of their lower viscosity, 

they promote initial adhesion at the time of construction and are generally used under lower temperature 

conditions. 

C.4.2.2.4 Emulsion 

Bitumen emulsions are classified according to the percentage by mass of the penetration grade bitumen 

contained in the emulsion and according to whether the emulsifying agent has imparted a stabilizing positive 

charge (cationic) or a stabilizing negative charge (anionic) to the bitumen globules in the emulsion.  

Cationic emulsions are mostly used in a rapid setting form in spray applications and, are due to its positive charge 

compatible with most types of aggregate (being negatively charged).  Anionic emulsions are not as compatible 

with certain quartzites and granites to develop quick adhesion (Both materials are negatively charged). However, 

due to the negative charge and stability anionic emulsion has the benefit that it would easily flow into the seal 

structure to fill voids and rejuvenate the old bitumen.  

The concept is explained in Figure C 23. 
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Figure C 23  Effect of Different Emulsions 

Invert cutback emulsions are used as prime coats and rejuvenators. Due to the low viscosity and solvents, it has 

the ability to easily penetrate into a new base or to penetrate and rejuvenate an existing dry/brittle surfacing 

such as shown in Figure C 24.  

 

Figure C 24  Dry/Brittle Double Seal 

Figure C 25 highlights the results of a study on the ability of an invert cutback emulsion rejuvenator to retard 

crack initiation in a seal. 

Detailed assessment of twenty road sections measured initiation of all load associated cracks as 0.4% of the total 

surface area. Application of a cutback invert emulsion resulted in four years before the same percentage of cracks 

were visible. 
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Figure C 25  Four-Year Extended Seal Life due to Application of a Rejuvenator 

Notes: 

¶ A similar study was carried out using diluted anionic emulsion and resulted in a crack retardation factor 
(CRT) of 3 years. 

¶ Rejuvenators should be applied when fine cracking (less than 1mm) starts to develop as it becomes less 
effective when applied on surfaces with wider cracks. 

 

The addition of up to 5% low flashpoint solvents (LFS) are allowed in cationic emulsions. Although of value for 

coagulation of the bitumen droplets and use during cold temperatures, the presence of cutters reduces the 

softening point of the binder and could lead to fattiness or bleeding in Cape seals with high road surface 

temperatures. Figure C 26 shows the implication of using a binder with LFS (cutter). 

 

Figure C 26  Bleeding and Fattiness on a Cape Seal due to Solvents in the Tack Coat 

C.4.2.2.5 Modified binders 

Different grades of modified binders are available in South Africa for application during high and low 

temperatures. Cognisance should be taken that although modification of binders has numerous benefits, cases 

have been recorded where highly modified binders performed poorly [11] in Cape seals in cold temperatures 

soon after construction. 
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Figure C 27  Crack Development and Progression in Stiff Cape Seal with Modified Binders 

 

Figure C 28  S-E2 Binder Layer with Poor Adhesion to Base and Seal Aggregate 

The mechanism of this distress is deemed to arise from: 

¶ Should bonding between the base and the bituminous be poor or nonexistent, vehicle movement could 
result in the surfacing forming a wave in front of the wheels, resulting in a small enough radius of curvature 
(ROC2) to cause the surfacing to crack. The typƛŎŀƭ ǇŀǘǘŜǊƴ ƛǎ ŎƭƻǎŜƭȅ ǎǇŀŎŜŘ άǘƻǇ-Řƻǿƴέ ǘǊŀƴǎǾŜǊǎŜ ŎǊŀŎƪƛƴƎΦ  
 

¶ Moisture/water entering through the cracks, softening the upper base with the effect that the surfacing 
deflects with a small radius of curvature (ROC1), resulting in the typical irregular crocodile pattern cracking. 

 

Figure C 29  Cracking as result of Small ROCs 
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C.4.2.3 Binder Application  

For maximum performance the optimum amount of binder should be correctly determined and applied during 

the construction of seals. A minimum amount is required to hold the stone firmly in place and bind it to the 

underlying surface. There is also a maximum amount, which, if exceeded, will overfill the voids in the compacted 

layer, cause flushing and result in reduced skid resistance, particularly in wet weather. 

The binder application rate which results in optimal performance is determined by the type of binder selected, 

volume of the voids in the compacted stone layer, the shape and size of the stone, the amount and type of traffic 

and the condition of the underlying surface. Adjustments in spray rates are required for steep gradients and 

other special conditions. These recommendations, as well as construction limitations, are discussed in PART E.  

Poor transverse distribution of the binder could lead to tramlining (streaking) as discussed in PART F: 

Construction. 

C.4.2.4 Viscosity at the Time of Application 

C.4.2.4.1 General 

Uniformity in the application of the binder is a function of viscosity, which varies with temperature. Each grade 

of binder has its own temperature/viscosity characteristics, which will indicate the optimum viscosity required 

for the best spray application. Operating outside this range will result in streaking if the binder is too cold and 

therefore not fluid enough, or will cause binder degradation, run-off on steep gradients, and increased fire risk 

if the binder is too hot. 

C.4.2.4.2 Run-off 

 

Figure C 30  Run-Off of Low Viscosity Emulsions 

 

Figure C 31  Increase in Run-Off at Steeper Grades 
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Previous manuals [12] made recommendations regarding the maximum emulsion application rates, based on 

macro texture. Research on this topic has shown that this is not valid as the run-off is also influenced by other 

factors e.g. [13] highlighted the fact that the run-ƻŦŦ ōŜŎƻƳŜǎ ƳƻǊŜ ŀǘ ŀ ŎŜǊǘŀƛƴ ƳŀŎǊƻ ǘŜȄǘǳǊŜ ŘǳŜ ǘƻ άǎƳŀƭƭ 

ǊƛǾŜǊǎέ ŦƻǊƳƛƴƎ ǿƛǘƘ 5ŀǊŎȅΩ ǎ ƭŀǿ ƻŦ Ŧƭƻǿ ōŜŎƻƳƛƴƎ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ŀǘ ƭƻǿŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ǊŀǘŜǎ ǘƘŀƴ ƻƴ ǎƳƻƻǘƘŜǊ 

textures.  

  

Figure C 32  Increase in Run-off with Texture Depth >1 mm at 2 l/m2 [13]  

C.4.2.4.3 Run-in  

The binder application reduces with increase in traffic. Experience indicates that the penetration coat for double 

seals on high volume roads should always be a high viscosity binder e.g. modified binder. Low viscosity binders, 

such as emulsions tend to run into the structure of the seal not keeping sufficient binder in the upper structure 

for the second aggregate layer to adhere properly. Figure C 33 shows the difference in binder retained on the 

aggregate to adhere the second aggregate layer of a double seal. 

 

Figure C 33  Difference in Binder Retained 

Note: The binder codes are described in PART B: B.3.3, with: 

¶ SC-E1 a modified emulsion (elastomer modifier) 

¶ S-E1 a hot modified binder (elastomer modifier) 

¶ S-R1 a hot modified binder (crumbed rubber modifier) 

 

Figure C 34 below ŘŜǎŎǊƛōŜǎ ǘƘŜ άǊǳƴƴƛƴƎ-ƛƴέ ŜŦŦŜŎǘ ƻŦ ŀƴ ŜƳǳƭǎƛƻƴ ǇŜƴŜǘǊŀǘƛƻƴ Ŏƻŀǘ ǘƘŀǘ ƭŜŘ ǘƻ ǎŜŀƭ ǎǘǊƛǇǇƛƴƎ. 
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Figure C 34  Effect of Run-in on Double Seals 

C.4.2.4.4 High viscosity emulsions  

Following good performance of high viscosity emulsions in other countries, local binder suppliers have developed 

products and processes to overcome the problems with run-off and run-in as discussed above. 

Three alternatives are available in South Africa namely: 

¶ Multi-grade rapid setting cationic emulsion (Also referred to as a high shear/Low flow emulsion). The 
characteristic of this product is that it has a low viscosity under pressure (when sprayed through the 
nozzles), but gels immediately under normal atmospheric pressure (on the road). 

¶ Double bar spray bar system. Normal rapid setting cationic emulsion or polymer modified cationic emulsion 
is sprayed through the first bar. Directly afterwards, a catalyst is applied through a second spray bar, 
resulting in immediate breaking of the cationic emulsion. 

¶ Good experiences have been recoded with imported high viscosity emulsions. 

 

Notes: 

With all the benefits related to low flow characteristics, the following aspects could adversely affect the 

performance of the seal: 

¶ Too high viscosity at time of application could result in uneven binder distribution.  

 

Figure C 35  Too High Viscosity Emulsion 

¶ Transverse distribution of the binder must be perfect as the binder will not even itself like the low 
viscosity emulsions, which could result in tramlining (Refer to PART G: Quality Control). 
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¶ It is recommended that the surface be slightly damp before spraying as the surface tension could result 
ƛƴ άŦƛǎƘ ŜȅŜǎέ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ / осΣ ǇŜǊƳŜŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎŜŀƭ ŀƴŘκƻǊ ŀƎƎǊŜƎŀǘŜ ƭƻǎǎ. 

   

Figure C 36  Effect of Surface Tension on Flow 

Different to standard emulsions, there is quite a difference in curing time after breaking. Breaking of the emulsion 

occurs rapidly (evaporation of the water in the emulsion). However, it could take some time before proper 

cohesion and adhesion development (curing). This period is often referred to as a cheesy state. 

 

Figure C 37  Slow Development of Cohesion and Adhesion to the Aggregate 

 

C.4.3 SEAL STRUCTURE 

The seal structure (also referred to as the seal geometry) has a major influence on the stability of the seal to 

resist ravelling and to retain macro texture.  

As a simple example, the effect of a cover spray and small aggregate blinding on a single seal is shown in Figure 

C 38. 
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Figure C 38  Increasing Seal Stability with Alternative Seal Geometry 

The structure of a double seal reduces embedment and orientation of the large aggregate resulting in better 

macro texture retention. Even though the texture depth of a single seal is higher, the retention expressed as a 

percentage of the initial texture, of a double seal is much better as shown in Figure C 39 [5].  

 

Figure C 39  Texture Retention Between Single and Double Seals 

Note:  BP refers to the embedment potential (Corrected ball penetration of the existing substrate in mm) as 

determine through SANS 3001-BT10. 
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C.4.4 PRE-TREATMENT AND REPAIRS 

C.4.4.1 General 

Preparation of the road surface, timeous pre-treatment and repair of defects before seal work commences are 

of vital importance to the initial and long-term performance of a seal. 

Failure to provide a clean, uniformly, dense surface will result in a poor bond between the underlying surface 

and the seal and will add to the risk of aggregate loss or embedment of the seal.  

C.4.4.2 Pre-Treatment 

If the existing surface texture varies, or if there is any unevenness (small irregularities or rutting), pre-treatment 

is advisable to ensure a uniform texture and a smooth riding surface for the effective design and construction of 

the new seal. 

Dry or porous surfaces can be treated by:  

¶ Spraying a diluted emulsion or rejuvenator.   

¶ By applying a sand seal or a small aggregate seal. 

Coarse textured surfaces can be treated with fine or medium slurry or small aggregate seals to fill the voids in 

the surface. 

  

 

 

 

 

 

Figure C 40  Effect of Sealing on Different Existing Textures 

Varying textured surfaces can be treated with slurry before application of a single seal. 

Microsurfacing is often used to improve small irregularities or rutting as an alternative to asphalt on roads with 

lower traffic volumes. 

Areas with excess binder should receive special attention to prevent similar problems occurring prematurely on 

the new seal. The recommended procedure is either to roll aggregate into the existing surface or to do hydro 

cutting.  
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Figure C 41  Implication of Not Pre-treating a Variable Existing Surface 

C.4.4.3 Repairs 

Failure to repair defects such as potholes, sub-surface failures, poorly constructed patches and active or wide 

cracks will result in these defects reflecting through, or in debonding of the new seal (generally within 3 to 6 

months). 

One of the most effective ways of treating cracked areas is the application of geotextile patches. Figure C 42 

highlights the ability of a geotextile patch, acting as a stress absorbing membrane to retard crack reflection. 

 

Figure C 42  Ability of a Bitumen Impregnated Geotextile to Retard Crack Reflection 

C.4.4.4 Timing of Pre-Treatment/Repairs 

All repairs should be done well in advance of the construction of the seal, mainly to ensure stability of the 

treatments so as to minimize embedment of aggregate. 

Details and recommendations for preparation, pre-treatment and repairs are discussed in Part F: Construction. 
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C.4.5 CONSTRUCTION AND SUPERVISION 

C.4.5.1 General 

Poor performance of seals is often caused by poor construction practices, inadequate plant, inadequate 

supervision or by lack of attention to detail. Trial sections are required and each section should be inspected and 

assessed prior to continuation of operations.  Good supervision in all aspects of surface preparation and 

application is essential. 

The correct, uniform application of binder and aggregate, as well as rolling and brooming with properly operated, 

correctly adjusted and calibrated plant and equipment, is essential for the construction of a seal to ensure that 

it will perform efficiently during its design life. 

Check lists, guidelines and practical hints to ensure good performance are given in PART F and PART G. 

C.4.5.2 Opening to Traffic 

Depending on the binder type and road surface temperature, rolling during construction will not fully orientate 

the aggregate to the least dimension being perpendicular to the road surface. Therefore, controlled traffic 

compaction at road surface temperatures still allowing orientation (typically more than 20oC), is essential to 

obtain a stable seal with most of the large aggregate on the same plane, in touch with the vehicle tyres. 

It is essential to reduce the initial maximum speed of the traffic on a seal to 60 km/h, or, specifically when using 

emulsions during colder periods, to extend the initial non-trafficked time so that the binder can develop sufficient 

cohesion to retain the aggregate under traffic. 

 

C.4.6 MAINTENANCE 

Some types of seals are much more responsive to timely maintenance than others. Although some problems 

may be avoided by good design and construction practice, timely maintenance can considerably extend the life 

of the seal and the pavement structure. A typical maintenance action on a seal is to spray diluted emulsion or 

inverted cut-back emulsion to increase and rejuvenate the existing binder before loss of aggregate occurs (Refer 

C.4.2.2.4). Other maintenance actions would be patching of small areas where delamination/debonding of the 

previous surfacing occurred, or application of fine slurry to isolated areas where ravelling has occurred as a result 

of turning movements or concentrated water flow.  

The role of maintenance capability in the selection of an appropriate surfacing is discussed in Part D. 

C.4.7 PHYSICAL AND SOCIAL ENVIRONMENT 

Several factors related to the specific environment can adversely affect the performance of the seal and the 

pavement structure. The majority of these are inter-related with factors already discussed, but are worth 

mentioning. 

C.4.7.1 Climatic Conditions 

The climatic conditions in the region where the seal is to be laid should be correctly evaluated to enable the 

appropriate grade and type of binder to be determined. These include: 

ω Extremely hot weather, which will reduce cohesion.  
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ω Cold weather, which can result in a brittle, hard binder and subsequent aggregate loss or cracking. 
ω Variable weather and/or temperature. 
ω Ultra-violet radiation, which accelerates ageing of the binder. 
ω Humidity, which influences the evaporation of volatiles. 

C.4.7.2 Drainage Systems/Kerbs 

Roads are often used to carry storm water, especially in the urban environment. High flow speeds and volumes 

erode the seal. In this process soil particles and/or detergents are often carried in suspension which aggravates 

the situation. Research in South Africa has shown that single seals and thin sand seals or slurry seals are 

particularly vulnerable to erosion and should not be applied on steep gradients with urban-type drainage. 

C.4.7.3 Mechanical Damage 

Damage to seals is often caused during construction or by agricultural equipment crossing roads, by vehicle wheel 

rims of flat tyres, or by cargo falling off vehicles at sharp corners. Damaged areas should be repaired as soon as 

possible to prevent rapid deterioration of the surfacing. Although the damage cannot be prevented by the road 

authority, in the selection of appropriate seals cognizance should be taken of the likelihood of the occurrence of 

mechanical damage, and maintenance strategies should be developed to ensure good seal performance. 

C.4.7.4 Dust or Wind-Blown Sands 

Dust or sand covering a freshly applied bituminous binder has, in many cases, been the cause of poor aggregate 

adhesion and subsequent poor performance of seals. 

C.4.7.5 Fuel Spillage and Organic Matter 

Intersections, steep gradients and access roads to fuel depots and filling stations are particularly vulnerable to 

fuel spillage, which softens up the bituminous binder and results in failures.  Guidelines for selection of a suitable 

binder are given in Part D. 

The effects of animal droppings are often visible on surfaced roads in game parks and rural areas. Because of 

deterioration of the contaminated areas, particularly in the drier parts of the country, seal lives are markedly 

reduced. The presence of sugar cane, saltwater or detergents also has a detrimental effect on the life of a seal. 

C.4.7.6 Developing Areas 

Stresses induced on the seal can vary significantly between developing areas and developed areas. Building 

materials, such as stone, sand, bricks etc. are often found on streets in developing urban areas. Standpipes are 

often provided next to road/streets in developing areas, resulting in people doing their washing at these 

locations. The building materials and detergents can damage the seal and result in poor performance of the 

surfacing.  
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C.5  SUMMARY 

C.5.1 GENERAL 

The influence of different factors on the performance of bituminous surfacings has been discussed throughout 

this document. The purpose of this summary is to highlight the most important distress types and recommended 

actions to mitigate or to retard the development and progression thereof. Aspects covered are: 

¶ Aggregate loss (Ravelling/stripping) 

¶ Texture loss 

¶ Cracking 

¶ Permeability 

 

C.5.1.1 Aggregate Loss 

C.5.1.1.1 Initial loss 

The key factors contributing to stripping shortly after construction, reported by [9] are: 

¶ The seal strength (resistance to stripping), which is a function of the seal geometry (structure), the cohesive 
strength of the binder and the adhesive bond strength between the binder and the aggregate. 

¶ External influences, with the main factors being climatic conditions (temperature and moisture) and traffic. 

 
Recommendations to reduce the risk of stripping focus on: 

¶ Defining high risk situations (Refer Part D: Seal selection ς Winter sealing). 

¶ Selection of the correct seal type and binders (Refer Part D: Seal selection ς Geometry & Microclimates). 

¶ Design, with specific attention to interpretation of design parameters and compensation for stiff binders 
which do not allow for quick orientation of aggregate (Refer Part D: Design).  

¶ Construction, with specific emphasis on aggregate spread, rolling and controlled opening to traffic. Key 
aspects, as discussed in PART F: Construction are: 
o Not to over-apply the aggregate. The designs are based on sufficient binder to hold the stone after 

orientation. The spread rate should be open enough to allow orientation into a stable matrix. 

 

Figure C 43  Open Spread will allow Orientation 

o Controlled opening to traffic. Dependent on the binder type and road surface temperatures, rolling 
during normal construction does not fully orientate the aggregate. An initial stable matrix could take 
up to 10000 vehicle passes to develop. Refer case study results in Figure C 44. 
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Figure C 44  Impact of Initial Traffic Compaction 

C.5.1.1.2 Long-term loss 

Loss of aggregate after several years is normally a slow process, easily identified through regular visual 

inspections (part of Pavement Management System processes) and effectively treated through rejuvenation 

sprays. 

C.5.2 TEXTURE LOSS 

Loss of macro texture mainly occurs as a result of: 

¶ Aggregate embedment (Refer C.3.1.1) with the most import aspect to ensure that the base has dried out 
sufficiently. The degree of potential embedment is taken into consideration during design (PART E). 
Corrected ball penetration values of more than 3 mm are considered a problem requiring special 
pretreatment such as an armouring layer (new seals) or, hydro cutting to remove excess binder on the 
surface before reseal. 

¶ Aggregate orientation (Refer Figure C 20 and Figure C 39) regarding the influence of binder type and the 
structure of the seal). Adjustment factors are applied during design (PART E) to compensate for slow 
orientation of aggregate in stiff binders. 

¶ Binder rise. Migration of the binder to the surface could occur as a result of moisture in the base or solvent 
volatiles.  

¶ Aggregate wear (Abrasion and polishing). Selecting aggregate within specification (PART B) will eliminate 
this problem.  
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Figure C 45  Causes of Texture Loss 

 

C.5.3 CRACKING 

C.5.3.1 Crack Initiation 

Existing performance models predicting crack initiation e.g. as currently described in HDM4 [14] are not providing 

accurate answers. Even though models could be calibrated, the principle of using a structural number, 

incorporating the contribution of the total pavement structure, is not considered appropriate when evaluating 

bituminous surfacings. 

Fatigue of the bituminous surfacing as discussed in C.3.1.2 is highly dependent on the radius of curvature (or 

difference in the deflection under the load and at the first sensor), providing a parameter for deflection high up 

in the pavement. 

Models developed [3], using the above-mentioned deflection contribution, repeated standard axles, 

environment and age of the surfacing provide more reliable answers. An example of one set of results is shown 

in Figure C 46.  
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Figure C 46  Tentative Model for Crack Initiation (Double Seals with Conventional Binder) 

C.5.3.2 Crack Retardation 

The use of cut-back invert emulsions and diluted stable grade emulsion could extend the service life of a single 

or double seal with four years (Refer C.4.2.2.4). 

C.5.3.3 Crack Reflection 

The key aspects to retard crack reflection (Refer C.3.1.5) is to use a larger stone size (increase in binder film 

thickness) and modified binders. 

C.5.4 PERMEABILITY 

Permeability has been mentioned in this document but not discussed in detail. Investigation of permeability of 

seals (Aged 1 to 24 years) confirmed an increase with age and oxidative hardening. 
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Figure C 47  Increase in Permeability with Age 

The true pressure when heavy vehicles pass over a road with a layer of water could be between a 100kPa and 

300 kPa (significantly higher than the pressure created with the Marvil permeability meter). Studies by [15] 

highlighted permeability differences in different seal types, in and out of the wheel tracks and at different applied 

water pressures. An example is provided in Figure C 48.  

 

Figure C 48  Increase in Permeability with Pressure Increase 

With reference to results highlighted, and discussion in C.3.1.3 regarding the structure of double seals, the 

following should be noted: 

¶ The principle of determining the binder volume to fill a percentage of the voids in the 20/7/7 split 
application double seal is not valid (due to the dry aggregate layer).  

¶ For a double seal, such as a 20/10 seal designed for very high traffic volumes, there are still voids 
underneath the 10 mm aggregate during the orientation and initial embedment phase.  

If the above-mentioned seals are constructed on a very coarse textured substrate, the probability is high that 

there will also be voids underneath the 20 mm, increasing the risk of permeability. 

Ingress of water through the seal will soften a granular upper base resulting in a low ROC and rapid fatigue. 


