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Parameter Otta Seal Conventional Chip Seal
Aggregate quality Relaxed requirements for:

-
-
-
-
-

strength
grading
particle shape
binder adhesion
dust content

Maximises use of locally available natural
gravel or of the crushed product.

Stringent requirements for:
-
-
-
-
-

strength
grading
particle shape
binder adhesion
dust content

Maximised use of the crushed product is
difficult, use of natural gravel is in practice
inappropriate

Binder type Relatively soft binders (low viscosity) are
required: 150/200 penetration grade or
MC3000 or MC800 cutback bitumen.

Relatively hard binders are required for
necessary stone retention: (80/100 pen.
grade under Botswana conditions).

Design Empirical approach to design. Relied earlier
to a large extent on experience and site
trials.

Empirically based rational design methods.

Construction
technique

Relatively little sensitivity to standards of
workmanship. Labour intensive methods
easy to apply if desired.

Sensitive to standards of workmanship.
Labour intensive methods difficult to apply.

Construction costs In most instances costs are lower than Chip
Seals, up to 40% depending on the
availability of aggregate.

Cost competitive only where good quarries
are located nearby; the bitumen price is
high and the traffic volumes are high
(> 500 vpd).

Contractual matters Additional contractual issues need to be
resolved.

Contractual issues well-known

Aesthetics An appealing, uniform appearance can be
difficult to achieve. However, such an
achievement is not necessarily an indicator
of a good result for Otta Seals.

Ranges between a very appealing and a
poor appearance depending on quality of
construction workmanship.

Skid resistance in
wet weather

Poorer than a Chip Seal that is well designed
and constructed using large chipping.
However better than Slurry Seals and
Asphalt Concrete.

Ranges between the extremes of excellent
and very poor depending on quality of
construction workmanship.

Use on fresh
bituminous base
layers

Not suitable due to the need for high bitumen
contents required for quick rise of the binder
through the aggregate interstices.

Suitable, but requires careful design and
construction if excessive bleeding is to be
avoided.

Periodic maintenance
between reseals

Generally little need for periodic
maintenance between reseals.

Rejuvenation with emulsion fog spray
between reseals is normally required for
maintaining stone retention.

Durability of the seal The use of relatively soft binders and a
dense matrix enhances durability of seal.

The use of relatively hard binders reduces
the durability of the seal.

Typical service life Typical service life:
-
-
-

Double Otta Seal:  12 – 15 years
Single Otta Seal with a sand cover seal:
9 – 11 years

Typical service life :
        - Double Chip Seal: 8 - 10 years
        - Single Chip Seal:  5 - 6 years
Adequately workmanship is essential
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100
80 - 100
52 - 100
36 - 98
20 - 80
10 - 70
0 - 48
0 - 38
0 - 25
0 - 10

Material
properties

  Plasticity Index

  Flakiness Index

max 10  

max 30  (applies only for crushed 
material)

A 3

B 3T

A 1

 Overall grading requirements 
[% passing]

Sieve sizes
[mm]

19
16

13,2
9,5
6,7

4,75
2,00
1,18

0,425
0,075

TMH test
method
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< 100 >10 0

90 kN 110 k N

0. 60 0. 75

Aggregate strength 
requirements

Vehicles per day at the time 
of construction

Min. Dry 10% FACT
Min. Wet/Dry strength ratio

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0
0,075 0,425 1,18 2,0 4,75 6,7 9,5 13,2 1916

P
er

ce
nt

 p
as

si
ng

Sieve (mm)
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Cutter

RC

Grade of the
produced
cutback

(Rapid Curing)

Kerosene (Power paraffin 
Illuminating paraffin, JetA1
aviation turbine fuel)

Petrol Hazardous, should not 
be used

Suitable for Otta Seals
MC
(Medium Curing)

SC
(Slow Curing)

Diesel or heavy fuel oils Curing process too 
slow for Otta Seals
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80/100 base
bitumen

150/200 base
bitumen

*) The durability of the binder can be improved by replacing 3% - points of the cutter with 
flux oil where the 80/100 penetration grade is used as base bitumen.

Required 
product

Cutter (power paraffin) in percent of total 
mixture

150/200

MC 3000

MC 800

3-5% (flux oil is used 
instead of cutter)

8 - 10 %      *)

18 - 20 %    *)

-

5 - 8 %

15 - 18 %
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165 115

155 100

120 75

Bitumen
product

Storage temp. oC
< 24 hours            > 24 hours

150/200
MC 3000
MC 800

165 - 180
135 - 155
110 - 135

Spraying 
temp. oC
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9 - 11

10 - 12

12 - 15

6 - 10

2 - 3

Single Otta Seal

Single Otta Seal with a 
sand cover seal

No cover seal Varies depending on type 
of surfacing and quality 
of workman-ship 

Fine sand in the sand 
cover seal

Crusher dust or river 
sand in the sand cover 
seal

Double Otta Seal

Double Chip Seal

Frequency of rejuvenation (fog spray)

Type of Otta Seals Expected service life 
[years]
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 0,8   0,7

1,1 1,0

Long haulage of acceptable 
chipping (> 100 km)

Quarry sites for chipping are close 
to project ( < 25 km)

Note: The cost of a Chip Seal = 1,0

Project Features High traffic
AADT > 500

Low traffic
AADT < 500

Double
Chip Seal 

11 15 7

None None

1.0 1.2 1.2

Chipping size used for 11 and 15 years analysis period 13.2 mm + 6.7 mm and 19.0 mm +  
13.2 mm, respectively.

To simplify the life-cycle cost analysis it has been assumed that no other type of 
maintenance will take place during the analysis period and that vehicle operation 
costs are the same for both Otta Seals and Double Chip Seal.

Life expectancy
(years)

Maintenance activities
(years)

Fog sprays after
3 and 10 years.
Reseal after 
8 years. Road 
marking after 
each intervention (3 
times).

Initial relative cost of 
construction

Life expectancy, 
activities and 

construction costs

Single Otta 
Seal + sand 

cover

Double Otta 
Seal

���������
	�������
���������
���	������	����
�
�
���	���������
�������
������

���	�
�����	��
	
�	����� ���
	�!�����	�
�����	��
	��

���������������������������
�����������������������������������������������������
���������



�� ��������	�
���
� ����������
����
��
�����
��
�����
��
�
����������������

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

���������	
���
����
��
�����������

���������	�
���

�������� ���������
	�������������
�
������
���� 
��	�
��
�
�����
�
	�����
�
���������
�������������

�������	��������
���	�	��
��������	�
���

��������������������
�����
	�
��
�	
�������
�
	�������
���	�
����������
��������	��
�����	��������
��
���	�
��������
�����
�
�������������	��
��
�
�����	�������������������������
���
���


�
���
����
���������
����
������

�

����������������
	�
���
����������	����
���
��������������
��
����
�
�
��
��	���
�����������	��
�����
����
�������
�������
����
���

����������	
������
������
	�
����
��
��	���
	������
�
	��

� ��
���
����
�������������������
�

� 
��������
����

� �
	�
���
�
	��
�


� ���������������������

 	�
��������	�
���

���������
���
����
����
���	��	��
�����
���	���������
��
���� �	�
������ ��
���������������
	� 
������� �������
�� 
������	�������
���
��
����	�	��
��������	��!����
�
	���	�
�����
���
	��
�
	��
���������
�������
�	���
�
���
����
���
	�
���
�
	���������������"��
��	
��
����������
���
	
��
������	�����	���	��������
��
���������
����	���������������
��������
�
	�
�	���
���
	��
�
	��
����
��������������	�����	
�

������
��������

�����
��
�����	�
��������	�
���

��������������
�	�����
��
������
��	�#������$�%

��� �������	
�	����������������
��������		
���
�
����&
������

����������
����
�
������������
����
�
����
�
����'��	������	�
������
���	�����
�����	��
����������	��������
������
��
��������&
����
�

����������
�����
������	���������������
����������������

�
���������
�
�
���	�������	�����	���
��

��
�����		
���
����	���

����������
�
�����
���	�
�
	�
������	�����

��������
��
�����������	���
�������������
��������
�
�
	�
��	���&
������

�������������������������������
���������
��
�
������
� 
����
�������
��������������
�
�������
�����
��
�
	��
���
���
��
��((&����	������������
��	�)**��������	���
��
�����	������	���
��������
����
����
��
��	��

� ����
�����

	����
�	
�
	��	�
����	������	������+

� �	��	������������
������

��	����������	����
���,	�����	��
����
���	�

������	�����������
�'
���+

� ��

��
�
	�
��
����������
���	�
����	������	��������	�
��������
��������
	�� �����
��
����
������+

� �����������,�
����������	�
��������
����������
�
	���	�
����	������	�
�����

��������

��������������	
��	���
������	������������	�����������
�����������
�������������	�����������������������
����������	�������
������������������������������	�����	��
��������������������
�������	���	��������	��
������	�������������
��������	���	��������	���������
�����������
������	�������	���
������������������
�����������������



������������	
���	�
���
��	��	�����	
�	�	�������

������� �����������
��	


○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

��������		
���
��
��������		
���
���
����
	��
��
������������	�����
��	����
��	�����������
������	
��
����
���
���
������	
�����
���������
�����	����
����
��
���	����

�����������
���

�
����������
������
���������		
���
��	�����������
	�
��	
�	�
����������

��� 	��� 	���� 
�� ��
������
��� 	
� ��� �
������ 
�	�� 
������� 	��� �����
���
�����
	�
���
������!�����
�������������
"��	���������	�

��������	��
���

������������������������������������������������������

General grading envelope for
Otta Seal
aggregate

NO

Adjust aggregate
production

"Dense"
grading

"O pen"
grading

AADT
> 1000

Grading to
be altered

AADT < 100 Any AADT Any AADT

Produced 
aggregate within 
general envelope

Choose binder types 
and spray rates 
according to Table 8.3

Choose binder types 
and spray rates 
according to Table 8.3

Choose binder types 
and spray rates 
according to Table 8.3

"Medium" 
grading

���������	���������������������������������������������������

Temporary seal (diversions, haul roads, 
temporary accesses, etc.)
Maintenance resealing (all traffic classes to 
which sprayed surfacings are 

AADT less than 500                 

Single Otta Seal

Single Otta Seal

Single Otta Seal + sand 
cover seal

AADT more than 500      Double Otta Seal

Traffic levels and type of work Type Otta Seal 
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19 100 100 100 A 1
16 80 – 100 84 – 100 93 – 100

13,2 52 – 82 68 – 94 84 – 100
9,5 36 – 58 44 – 73 70 – 98
6,7 20 – 40 29 – 54 54 – 80

4,75 10 – 30 19 – 42 44 – 70
2,00 0 – 8 3 – 18 20 – 48
1,18 0 – 5 1 – 14 15 – 38

0,425 0 – 2 0 – 6
0,075 0 – 1 0 – 2

7 – 25
3 – 10

Any material falling within the Open, Medium and Dense grading envelopes may be used as aggregate in an Otta Seal. 
However, for a traffic level AADT > 1000 vpd. at the time of construction. Material within the Open grading envelope shall 
NOT be used. 

Not applicable

150/200 pen. grade

150/200 pen. grade

150/200 pen. grade

150/200 pen. grade in 
cold weather

MC 3000 

MC 3000 
MC 800 in cold 
weather

MC 3000
MC 800 in cold 
weather

MC 800

80/100 pen. grade bitumen shall NEVER be used in Otta Seals unless softened or cut back to meet the above 
viscosity requirements.

The cut back bitumen grades can be made by blending 80/100 pen. grade on site using the following 
proportions:
To make 150/200 pen. grade: 3 - 5% softener mixed with 95 - 97 % 80/100 pen. grade.

Softener can be a purpose-made petroleum distillate, 
alternatively engine oil, old or new.  In addition 3% points of power paraffin 
shall be used.

The cut back bitumen grades can be made by blending 150 /200 pen. grade on site using the following 
proportions: 
To make MC 3000:                    5 - 8% power paraffin mixed with 92 - 95% 150/200 pen. grade.
To make MC 800:                     15 - 18 power paraffin mixed with 82 - 85% 150/200 pen. grade.  

Circulation in the tank shall be carried out for at least 1 hour after mixing.
Diesel shall not be used for cutting back to MC grades.

                                 

1. ALTERNATIVE GRADING ENVELOPES

Sieve sizes 
(mm)

Open grading
(% passing)

Medium grading
(% passing)

Dense grading
(% passing)

TMH test
method

2. CHOICE OF BITUMEN IN RELATION TO TRAFFIC AND GRADING

AADT at the 
time of 

construction

Type of bitumen

Open grading Medium grading Dense grading

More than 1000

100 - 1000

Less than 100
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(*) On a primed base course the spray rate shall be reduced by 2,0 l/m 2 in the first layer.

Notes: - Where the aggregate has a water absorbency of more than 2%, the bitumen spray rate shall be 
increased by 0,3 l/m2.

- Binder for sand cover seal shall be MC 3000 for crusher dust or coarse river sand, MC 800 for fine 
sand.

4. AGGREGATE APPLICATION RATES

Aggregate spread rates (m3 /m2)Type of seal

Open grading Medium grading Dense grading

Otta Seals 0,013 – 0,016 0,013 – 0,016 0,016 – 0,020

3. BITUMEN SPRAY RATES

Hot bitumen spray rates for un-primed base course (l/m2)

Grading
Dense

Type of
Otta Seal

 Open  Medium
AADT
<100

AADT
>100

Double 1 st layer 1,6 1,7            1,8     1,7

2 nd layer (*) 1,5 1,6                     2,0                1,9   

Fine sand 0,7 0,7      0,6

Crusher dust or
coarse river sand               0,9 0,8      0,7

Single, with
a sand cover 
seal

1 st layer (*) 1,6 1,7 2,0      1,9

Single (*) 1,7 1,8 2,0 1,9

Maintenance reseal (single) 1,5 1,6  1,8 1,7

Sand cover seals    0,010 – 0,012

In practice, the aggregate application rates will very often be increased in order to reduce the risk of bleeding.
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Rolling after treatment Minimum requirements

15 passes with pneumatic roller 
(weight > 12 tonnes)
+ 1 pass with a static steel roller

On the day of construction

For each of the next two days 
after construction

15 passes with pneumatic roller 
(weight > 12 tonnes)

2-3 weeks after construction Sweep off any excess aggregate

Note: During construction a minimum of two pneumatic tyred rollers are required. One 
pneumatic tyred roller will either delay the surfacing operations or worse, not be able to roll 
the newly laid surfacing sufficient.
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4903C CONSTRUCTION

rmally require a prime, unless
ays be primed.

es of a pneumatic tyred roller
rect one pass with a 10 - 12
, the entire sealed area,
passes daily, unless otherwise
 rollers with a minimum

d area and channelling of the
imilar may be required.

 the sealing operations are
nforced during the initial  2 -

 immediate post construction
the first 2 - 3 weeks, as

all be swept off the road
ise directed by the Engineer. If
riod may be extended to 6

leeding if required. The team
l as during the first hot season

se between construction of
 the road should receive as

by the Engineer.

a shall be broomed free of

ing not less than 15 passes of

ediate post construction
the first 2 - 3 weeks as

als, as specified in Clause
n site.

00 shall apply.

tes, of the size specified in
lied in accordance with the
(a) General

(i) Granular bases of non-calcareous materials do not no
otherwise directed by the Engineer. Calcrete bases shall alw

(ii) The sealed surface shall receive not less than 15 pass
on the day of sealing. On the same day, the Engineer may di
tonnes heavy tandem steel roller. During the following 2 days
including the shoulders, shall receive a further minimum of 15 
approved by the Engineer. A minimum of two pneumatic tyred
weight of 12 tonnes shall be used for the rolling operations.

(iii) The Engineer may direct even trafficking of the surface
traffic may be required for certain periods and traffic cones or s

(iv) The road should be opened to traffic immediately after
completed, but a maximum speed limit of 50km/h should be e
3 weeks after construction.

(v) Aggregate that has been dislodged by traffic during the
period shall be broomed back into the exposed areas during 
directed by the Engineer.

(vi) After 2 - 3 weeks of trafficking the excess aggregate sh
surface and the speed limitations can be lifted, unless otherw
natural gravel is used with a fairly high content of fines, the pe
weeks or as directed by the Engineer.

(vii) A team shall be retained on site to deal with areas of b
will be required during the normal construction period as wel
following the completion of sealing operations.

(viii) A minimum period of 8 - 12 weeks should normally elap
the subsequent layers of the surfacing, and during that period
much heavy trafficking as possible, unless otherwise directed 

(ix) Prior to applying the sand cover seal, the surfaced are
dust and loose stones or other foreign matter

(x) The sand cover seal shall receive on the day of surfac
a pneumatic tyred roller with a minimum weight of 12 tonnes.

(xi) Sand that has been dislodged by traffic during the imm
period shall be broomed back into the exposed areas during 
directed by the Engineer.

(b) Equipment

Plant and equipment required for the construction of Otta Se
4303 and Sub-Clause 4904A (a), shall be readily available o

(c) Preparation of Surface

The requirements of Clauses 4306 and 4307 and Section 41

(d) Application of Surfacing

The binders, of the type and grade required, and the aggrega
the Bill of Quantities or ordered by the Engineer, shall be app
provisions of Sub-Clause 4308 (a).
��������	�
���
� ���������������������
����
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(e) Rates of Application of Material

 within the ranges given in
 bitumen 150/200, MC 3000
er to obtain the required

en 80/100 or stiffer shall not
r and power paraffin.

e inserted in the contract
 allowed. For tender pur-
s with a water absorption of

 total) for both layers, as

g to Table (to be inserted in
not be used unless cut back

pending on the texture of the
 seal. For tender purposes a

e  hot bitumen bitumen by
er.

 crusher dust/sand for cover
ontract documents).

tta  Seal aggregate “Open -
and cover seal a rate of

Unit

sing crusher dust

....................................... sq. m

....................................... sq. m

....................................... sq. m

Unit

.......................................... litre

.......................................... litre

������������������������������������������ ��
��
(i) Binder

All spray rates refer to hot spray rates of binder and shall fall
Table (to be inserted in the contract documents). Penetration
or softer may be used. Power paraffin may be used as a cutt
viscosity range as directed by the Engineer. Penetration bitum
be allowed used unless cut back by the use of both a softene

The binder for the Otta Seal shall be according to Table (to b
documents). No hot spray rates lower than 1.4 l/sq.m shall be
poses a rate of 1.7 l/sq.m shall be used.Absorbent aggregate
more than 2% shall require an additional 0.3 to 0.5 l/sq.m (in
directed by the Engineer.

The binder for the sand or crusher dust seal shall be accordin
the contract documents). Penetration bitumen 150/200 shall 
by power paraffin to MC 3000 or MC 800 viscosity ranges.

Suitable hot spray rates shall range from 0.6 to 0.9 l/sq.m de
underlying seal and the type of sand/crusher dust used in the
rate of 0.8 l/sq.m shall be used.

(ii) Anti-stripping agent

When required, the anti-stripping agent shall be mixed with th
0,8% by weight of cold bitumen, or as directed by the Engine

(iii) Aggregate

The aggregate application rates for Otta Seal aggregate and
seal shall be in accordance with Table (to be inserted in the c

For tender purposes a rate of 0.015 m3/m2 shall be used for O
Medium” grading, and 0.018 m3/m2 for “Dense” grading. For s
0.011 m3/m2 shall be used.

4904C MEASUREMENT AND PAYMENT

Item

49.01C Single Otta Seal (crushed material) with cover sand seal u
or sand using:

(a) 150/200 penetration grade bitumen……………… .......

(b) MC 3000 cutback bitumen viscosity grade………… ....

(c) MC 800 cutback bitumen viscosity grade………… ......

Item

49.02C Variations in bituminous binder

(a) 150/200 penetration grade bitumen………………… ....

(b) MC 3000 cutback bitumen viscosity grade………… ....

��� ��������	
���
���
	�����������
������������ ��
������������	��
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(d) Power paraffin........................................................................................................ .litre

Item Unit

49.03C Variations in anti-stripping agent

(a) Approved anti-stripping agent ...................................................................................... .kg

Item Unit

49.04C Variations in aggregate

(a) Otta Seal: crushed material........................................................................ cubic metre

(b) crusher dust .............................................................................................. cubic metre
(c) sand .......................................................................................................... cubic metre

The tendered rate shall include full compensation for furnishing all materials, for an unlimited free haul
distance whether the crushed materials are obtained from a commercial source or an approved
borrow-pit or quarry, marking the centreline, spraying of binders, spreading of aggregates, rolling,
removing deleterious material, supplying of water and spraying of haul roads and construction
roads, trimming the edges of the completed sur-face and all other incidentals necessary for
completing the work as specified.

Item Unit
49.07C Sweeping back dislodged aggregate into the wheel tracks, as directed

by  the Engineer................................................................................................................. . km

Item Unit
49.08C Attending to areas of fattiness and bleeding by applying  fine aggregates

or sand............................................................................................................................... . km

Item Unit

49.09C Sweeping back dislodged sand into the wheel tracks,  as directed
by  the Engineer................................................................................................................. . km

Item Unit

49.10C Supply and mixing of power paraffin for cutting back bitumen.................................. litre

Item Unit

49.11C Supply and mixing of anti-stripping agent...................................................................... . kg

Item Unit

49.12C Providing cones for channelling traffic to ensure even
trafficking.......................................................................................................................... ...... .no
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APPENDIX B
Mass/Volume conversion Tables
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APPENDIX C
ABBREVIATIONS
cST centi Stokes
ISBN International Standard Book Number
MC Medium curing
NORAD Norwegian Agency for

Development Cooperation
NPRA Norwegian Public Roads Administration
PHN Public Highway Network
PVA Polyvinyleacelate
RC Rapid Curing

SBR Styrenebutadinerubber
SBS Styrenebutadinstyrene
SC Slow Curing
SPMB Semi-Priming Modified Binder
TMH Technical Methods for Highways (South

African Standards)
10% FACT Ten percent Fines Value
vpd Vehicles per day
AADT Average Annual Daily Traffic




