
PPPPPolymer modified waterolymer modified waterolymer modified waterolymer modified waterolymer modified waterproofingproofingproofingproofingproofing
and pavement system for theand pavement system for theand pavement system for theand pavement system for theand pavement system for the
High Coast bridge in SwedenHigh Coast bridge in SwedenHigh Coast bridge in SwedenHigh Coast bridge in SwedenHigh Coast bridge in Sweden

Research, testing and experience

Ylva Edwards
Pereric Westergren





VTI rapport 430A · 2001

Cover: Ylva Edwards,  VTI

PPPPPolymer modifiedolymer modifiedolymer modifiedolymer modifiedolymer modified
waterwaterwaterwaterwaterproofing and pavementproofing and pavementproofing and pavementproofing and pavementproofing and pavement

system for the High Coastsystem for the High Coastsystem for the High Coastsystem for the High Coastsystem for the High Coast
bridge in Swedenbridge in Swedenbridge in Swedenbridge in Swedenbridge in Sweden
Research, testing and experienceResearch, testing and experienceResearch, testing and experienceResearch, testing and experienceResearch, testing and experience

Ylva Edwards and Pereric Westergren





VTI rapport 430A 

Foreword 
This report is a summary and documentation of a project for choosing the most 
suitable waterproofing and pavement system for the High Coast Bridge in 
Sweden. This bridge is one of the world’s longest suspension bridges. 

This report is the result of a research project carried out on commission and 
financed by the Swedish National Road Administration (SNRA) between 1992 
and 1998. Project manager at VTI was Ylva Edwards and at SNRA Pereric 
Westergren. 
 

The translation and publication of this English report has been financed by the 
VTI. 
 
Linköping, May 2001 
 
Kent Gustafson 
Research Director, Highway Engineering 
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Polymer modified waterproofing and pavement system for the High Coast 
bridge in Sweden. 
Research, testing and experience. 
Ylva Edwards, Swedish National Road and Transport Research Institute, VTI* 
Pereric Westergren, Swedish National Road Administration, SNRA 
 
 
Summary 
This document describes a project for choosing the most suitable waterproofing 
and pavement system for the High Coast bridge over the river, Ångermanälven. 
The bridge has a length of 1 800 metres and with its pylons, which measure 180 
metres above water level, it was then Sweden’s tallest structure. The High Coast 
bridge is one of the world´s longest suspension bridges and was completed in the 
autumn of 1997. The official opening took place on 1 December 1997. 

The waterproofing and pavement for this bridge had to be chosen with care. A 
lowest average temperature of -20°C, a minimum temperature of -40°C and a 
maximum temperature of +30°C have been recorded in this region of Sweden. To 
be able to recommend the most suitable system for the bridge, a research project 
was started by the Swedish National Road Administration as early as 1992.  

A literature study was performed to find similar bridge objects in cold climates 
corresponding to the High Coast climate. No such bridge (for use as a reference 
object) was found. Based on information from the literature study, contacts were 
established with colleagues in Japan, Germany and Denmark for discussions. 

Various waterproofing and pavement products and systems were tested in the 
research project, both separately and in different combinations for evaluation. 

Laboratory testing was performed at the Swedish National Road and Transport 
Research Institute (VTI), starting in 1992. Testing covered characteristics and 
performance of the various products and systems at low and high temperatures. 
Important parameters studied for total built-up systems included adhesion (to steel 
deck and between layers), shear and sliding resistance.  

Systems with SBS-modified bituminous sheet (3.5 mm thick), SBS-modified 
fine aggregate mastic asphalt (4 mm) and conventional fine aggregate mastic 
asphalt (4 mm) were compared. The conventional mastic asphalt system 
corresponds to the system used in 1981 for another large Swedish steel bridge, the 
Tjörn bridge, as a reference for the ”new” polymer-modified systems. 

 
Test bridge 
In 1993, eight different systems were laid on a steel bridge at Pitsund (further 
north than the High Coast bridge) for evaluation on site and laboratory testing at 
VTI. Sixteen test areas (2 m x 2 m) were prepared on the bridge. 

All material used on the bridge was tested at VTI for characteristic and 
functional performance. Testing was performed according to BRO 94 test 
programmes for primer and sheet products. Fine aggregate and coarse aggregate 
mastic asphalt products were tested for parameters such as indentation value, 
dimensional stability, softening point Wilhelmi, low temperature test Herrmann, 
dynamic creep test, three-point loading test and thermal stress restrained specimen 

                                                 
* Current address: Division of Highway Engineering KTH 
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test (TSRST). Recovered binder was also tested (traditional analysis, chemical 
analysis (Iatroscan, GPC), fluorescence microscopy and low temperature BBR 
analysis). 

When laying the test areas in 1993, tensile bond testing was performed on the 
bridge. Temperature measurements were made during laying. Follow-up 
inspections on the bridge were made, twice in 1994, once in October 1995 and 
once in May 1997. The test areas were visually inspected, mainly for cracks. 
Severe cracking was observed only for the reference system, on both test areas. At 
the inspection in October 1995, tensile bond tests were also performed. The results 
were generally very good for all systems. 
 
Fatigue tests 
Fatigue tests of the entire waterproofing and pavement system were performed for 
four possible systems and the reference system at the Otto Graf Institute (FMPA) 
in Stuttgart from 1994 to 1995. Testing was performed in accordance with the 
German ZTV-BEL ST-92 ”Dauerschwellbiegeprüfung”, but at temperatures from 
-30°C to +30°C. 
Fatigue test results were good for all four polymer-modified systems and test 
temperatures. The reference system did not pass the test at +20°C and was 
therefore not tested further (at -20°C and -30°C). 

Testing was performed at VTI on original material (cubes and blocks) from the 
manufacturer and on material returned from the Otto Graf Institute after heating 
for test specimen preparation. Recovered binder from original products and heated 
products was compared to the original binder. This was done for quality and heat 
stability control of the products used. 
 
System for the High Coast bridge 
As a result of research and testing during the project period from 1991 to 1995, a 
suitable system for the bridge was suggested by the Swedish Road Administration.  

The public procurement was completed in July 1996. The waterproofing and 
pavement system consists of an epoxy primer system, an SBS-modified 
bituminous sheet layer, coarse aggregate mastic asphalt with SBS-modified 
bitumen and split mastic asphalt with SBS-modified bitumen and fibres. The 
system was laid during late summer and autumn of 1997. 

The steel deck surface was blasted using grit and steel ball robot blast 
equipment (instead of manually operated grit blasting). Only 10 tons of waste 
product was produced, compared to 250 tons in the case of manually operated 
blasting. This was very satisfactory from the health and environmental point of 
view. A protective tent for all-weather work was used as necessary during 
blasting, primer and epoxy application, as well as during welding of the SBS- 
modified bituminous sheet. 

The binder course was then laid during a total period of 7 weeks. The polymer-
modified coarse aggregate mastic asphalt product was produced in a mixing plant 
near the bridge. Mixing was completed during transport to the bridge in a specially 
developed mobile mixer. Totally 1760 tons were delivered. 

Finally, the wearing course of polymer-modified stone mastic asphalt was laid 
during a total of 4 days as late as in October. Heating equipment had to be used to 
preheat the binder course for good adhesion between binder course and wearing 
course. 
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Quality and heat stability control testing 
Quality control testing was performed. Samples of all products used were taken 
during work on the bridge. In the case of prefabricated materials, samples were 
taken from deliveries to the bridge. 

For the polymer-modified sheet, tests such as determination of thickness, low 
temperature flexibility and softening point were performed, as well as GPC 
analysis and fluorescence microscopy. 

For the polymer-modified coarse aggregate mastic asphalt (Mastic PGJA 8), 
testing of indentation value and dimensional stability (at 80°C) was performed by 
the contractor for a large number of samples taken during production and laying of 
the material. Samples were sent also to VTI for recover of the binder, followed by 
binder analysis. Tests included penetration, softening point, breaking point, elastic 
recovery (at 10°C) and GPC analysis. Recovered binder from original products 
and heated products (during laying) was compared to the original polymer-
modified binder. According to requirements specifications for the binder coarse of 
this bridge the softening point of the recovered binder should be at least 65°C and 
the elastic recovery at least 75 %. 

For the polymer-modified stone mastic asphalt samples were taken out during 
production and laying and sent to VTI for recovering of the binder and binder 
analysis of the same parameters as for the binder course material. According to 
requirements specifications for the wearing coarse the softening point of the 
recovered binder should in this case be at least 70°C and the elastic recovery at 
least 85 %. Voids content was determined on cores from the pavement and 
dynamic creep testing was performed. 

Tensile bond testing was performed on the bridge for all layers. Laboratory test 
results were satisfactory and the tensile bond test results from the bridge were in 
accordance with the stated requirements. 

 

 Stone mastic asphalt 35 mm 

 Pol. mod. mastic asphalt PGJA 8 22 mm 

 Sheet 3.5 mm 

 Epoxy 500 µ (600 g/m²) 

 Epoxy primer 100 µ (100 g/m²) 

 Steel  
 

Figure Waterproofing and pavement system for the High Coast bridge 
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1 Orientation 
The High Coast bridge over the river, Ångermanälven, at Veda opened in 
December 1997. As the river is up to 90 metres deep at this point, it was decided 
to build a suspension bridge with a steel deck. The bridge has a total length of 
about 1,800 metres and a free span of 1,210 metres, making it one of the longest 
of its type in Europe. In addition, the bridge has a unique waterproofing and 
paving system, which is designed to meet the severe conditions prevailing in 
northern Sweden.   

The High Coast bridge replaces the Sandö bridge, which is now just over 50 
years old. For many years, the Sandö bridge with a total length of 2,770 metres 
(comprising in fact two bridges) was known for having the longest concrete span 
in the world – 264 metres.  
 
 

 
Figure 1 Sandö bridge, for many years known for having the longest concrete 

span in the world – 264 metres 
 
In addition to the impressive bridge itself, the High Coast project includes a 

new 32-kilometre section of the E4 and about 30 new bridges. Among these are 
the bridge over Majorsviken and the bridge over Storsjön, both of which are about 
500 metres long.  

The new roads and bridges shorten the distance between Härnösand and 
Örnsköldsvik by 44 kilometres for heavy vehicles and 11 kilometres for cars. The 
rebuilding of the E4 through Västernorrland will bring it up to the standards 
required by the EU and the new millennium.  

The project has been in progress since 1993 and the bridge was inaugurated on 
1 December 1997.  
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The cold climate and large variations in temperature set very high and unusual 
requirements on the waterproofing and paving system for the bridge. The lowest 
measured average daily temperature in the area is -20°C. Minimum temperatures 
down to -40°C can be expected, as can maximum temperatures of up to 30°C.  

At an early stage in planning the High Coast bridge, discussions were held to 
choose the waterproofing and paving system. A bitumen system was considered 
desirable.  

Literature studies and worldwide contacts revealed no similar suspension 
bridges (in such cold climates) that could be used as a reference object for the 
bridge. It was therefore decided that laboratory tests and comparative field tests 
should be conducted on at least five waterproofing and paving systems in order to 
choose the "right" system for the bridge.  

Both the materials and the application of the various layers in the system were 
primarily chosen on the basis of the directives of the National Road 
Administration and experience from earlier National Road Administration 
projects. To ensure good thermal stability and low temperature properties, SBS 
modified materials were chosen (with the exception of the reference system). The 
total thickness of the systems was set to 60 mm to avoid increasing the weight of 
the bridge itself more than necessary.  

The waterproofing and paving systems chosen have been tested in the 
laboratory and also in the field. Laboratory tests have been performed at the VTI 
and the FMPA (Forschungs- und Materialprüfungsanstalt) in Stuttgart during the 
period 1992–1996. Test laying was carried out on bridge BD 1377 at Pitsund 
during summer 1993, with follow-up observations until the end of May 1997.  

The tests have shown that it is possible to achieve a waterproofing and paving 
system with good prospects of withstanding the climate in the region where the 
High Coast bridge is located.   
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2 Initial contacts 
Based on information from sources such as the above mentioned literature study, a 
number of contacts were established with colleagues in Japan, Germany and 
Denmark to exchange information and experience regarding waterproofing and 
paving systems for steel bridges.  

According to the literature, Japan was found to be the country with the greatest 
experience of steel bridges in a cold climate. In Germany, new standards had just 
been published for waterproofing and paving systems for steel bridges (ZTV-BEL 
ST-92) and contact was therefore established with BASt. Denmark was also 
considered to have wide experience and knowledge in the area.  

The following section symbolises the most important impressions and 
conclusions from these visits and contacts.  
 
 
2.1 Japan 
In May 1992, a study visit was made to Japan in order to discuss waterproofing 
and paving systems, as well as snow, ice and wind problems affecting steel 
bridges. A large number of sites and persons were visited, mainly on Hokkaido, 
but also in cities such as Osaka and Tokyo.   

On Hokkaido, the most northerly island of Japan, winters are cold and 
snowfalls frequent. The lowest measured temperature is -41°C, and in Sapporo 
minimum temperatures of between -25°C and -35°C have been recorded during 
the past 30 years. However, corresponding average daily temperatures are never 
lower than -5°C.  

Steel bridges were introduced at the beginning of the 19th century on 
Hokkaido. Of the total of about 27,000 bridges on Hokkaido, about 11,000 are 
steel bridges.  

Between 1986 and 1991, eight bridges with steel decks and mastic asphalt 
pavements were built on Hokkaido (main span between 33 and 150 metres). 
Mastic asphalt was chosen because of its inpermeability to water, stability, 
flexibility and good adhesion, as was stated during our visit, although the 
problems that can arise with mastic asphalt in cold conditions are very well known 
in Japan.   

However, further discussions revealed that no waterproofing (in the true sense 
of the term) had been used on steel bridges on Hokkaido. As a rule, mastic asphalt 
is laid directly on the steel deck after cleaning and treating the steel with an 
adhesive tack coat (a bitumen and solvent based product).  

Usually, the bridge pavement is applied in two layers (a base course of mastic 
asphalt and a wearing course of asphalt concrete), each 30–40 mm thick.   

On the steel bridges referred to, the steel deck is 12 mm thick and the distance 
between bearers 300 mm. Painting of steel carriageways with zinc paint has been 
tried, but has not proved satisfactory.  

The study visit to Japan has been documented in VTI notat V186-1992. 
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Figure 2  A bridge in Japan 
 
 
2.2 Germany   
In February 1993, a visit was made to the BASt (Bundesanstalt für Strassenwesen) 
in Cologne to discuss questions concerning waterproofing and paving systems for 
steel bridges with a view to the planned High Coast bridge and related ongoing 
National Road Administration projects. BASt carries on applied research in the 
areas of roads, bridges, traffic and road users, and the Institute plays a central role 
in Germany regarding specifications and standards in these areas.   

The discussions focused on chosen parts of ZTV-BEL ST-92 and resulted in 
the following points of interest:   

In the new German standards, waterproofing is applied in accordance with 
three different principles:   

• Systems with "Reaktionsharz-Dichtungsschicht". The steel is protected from 
corrosion with an epoxy primer and a further epoxy layer which is sanded in 
certain cases. The sanded alternative is applied with a polymer modified 
bitumen product ("Pufferschicht"). In the non-sanded alternative, a layer of 
adhesive is applied to ensure bonding to the protective layer. Systems with 
"Bitumen-Dichtungsschicht" entail treatment of the steel surface with a 
bitumen primer, after which a bitumen product is applied. Alternatively, 
mastic asphalt is applied, with or without split (mineral aggregate >2 mm), 
on a combined primer and adhesive layer of the bitumen product. A new 
development for steel bridges consists of systems with "Reaktionsharz/-
Bitumen-Dichtungsschicht", which involves corrosion treatment of the steel 
deck with epoxy primer, followed by waterproofing with welded bitumen 
sheet (SBS or APP modified type). The reason for including this type of 
waterproofing in the new rules for steel bridges is the satisfactory experience 
obtained earlier with concrete bridges. In accordance with ZTV-BEL-B, it 
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has thus been possible to transfer requirements specifications and apply 
them to a corresponding extent on steel bridges.   

• Protective layers and wearing courses are usually applied with mastic 
asphalt. In certain cases, a wearing course of asphalt concrete or stone 
mastic asphalt may be used (the latter to an increasing extent, according to 
experts at BASt). Only in very special cases may a protective layer of stone 
mastic asphalt be permitted, with special demands on voids content. Asphalt 
concrete is never permitted as protective layer. The normal thickness for a 
protective or wearing course is 3.5 cm.   

• Like the complete waterproof system, the waterproofing materials used must 
undergo "Grundprüfung" according to TP-BEL-ST, whereupon they must 
meet the requirements according to ZTV-BEL ST. 

• Materials used in protective and wearing courses must meet the 
requirements of ZTV bit-StB. Here, however, a special selection applies. 
Only mixes of the 0/11 S type, always with the addition of polymer modified 
binder according to TL PmB Teil 1, are permitted for steel bridges with high 
traffic volumes.   

• Preparation of the steel deck consists of sandblasting, high-pressure washing 
with water and/or "flameblasting".   

• Strict regulations apply to treatment of the steel deck with "Reaktionsharz". 
The surface temperature of the steel must be at least 12°C and at least 3°C 
above dewpoint. 

• Joints between road sections, for example, have earlier been a major 
problem on steel bridges in Germany, and this matter has therefore been 
given special attention in the new rules. According to the new rules, all 
joints in the protective layer must be filled completely with jointing 
compound, which generally has plastic properties, before laying the wearing 
course. The same type of compound is used for joints in the wearing course 
if these are exposed to traffic. For joints in the wearing course not exposed 
to traffic, part of the space is filled with round-section rubber strips. The 
remaining part of the joint is filled with jointing compound.  

• The current test method for waterproofing and paving systems for steel 
bridges is described in TP-BEL-ST. "Grundprüfung" comprises:  
– Fatigue tests ("Dauerschwellbiegeprüfung")  
– Thermal testing  
– Chemical, physical and technical testing  

 
In particular, there was much discussion of "Dauerschwellbiegeprüfung", 

compared with the corresponding Danish pulsator test. "Dauerschwellbeige-
prüfung" has been used since the seventies at the Otto Graf Institute (FMPA) in 
Stuttgart.   

According to ZTV-BEL ST, information on approved waterproofing and 
paving systems is published regularly through the Bundesminister für Verkehr in 
"Verkehrsblatt". At the time of the visit to BASt (February 1993), no approvals 
according to the new rules had been issued.   

For the new type of waterproofing system described in the rules, 
"Reaktionsharz/Bitumen-Dichtungsschicht" with e.g. welded bitumen sheet, 
special requirements have been set regarding "Dauerschwellbiegeprüfung" with 
testing at -20°C.  
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According to colleagues at BASt, testing had been performed with approved 
results.   

The study visit to BASt has been documented in VTI notat V216-1993.  
 
 
2.3 Denmark 
Collaboration in waterproofing and paving systems for bridges has been carried on 
between the National Road Administration, the VTI and the Danish Road Institute 
(VI) in a number of contexts during the 1980s and 1990s. A joint project has been 
carried out during the period 1990–1993 with comparative studies of testing 
programmes and test methods for waterproofing systems of concrete bridge decks 
in Sweden and Denmark respectively.   

During the period 1992–1993, discussions were held with Danish colleagues 
from the VI on a number of occasions concerning a possible major study by the 
Danes that would mainly comprise pulsator tests at low temperature on possible 
systems for the High Coast bridge. The investigation was to be performed in 
accordance with corresponding tests in the ongoing major Danish project for 
finding an optimal waterproofing system for the steel deck on the East bridge.   

During 1993, the gigantic bridge and tunnel project across the Great Belt 
between Fyn and Zealand was started. The Great Belt link comprises three major 
permanent links: the rail tunnel between Zealand and Sprogö, the combined road 
and rail tunnel between Sprogö and Fyn, and the motorway bridge between 
Zealand and Sprogö. The motorway bridge, called the East bridge, has a total 
length of almost 6,800 metres, of which almost 2,700 metres consists of a 
suspension bridge with a main span of 1,624 metres.  

Prior to the waterproofing and paving works on the bridges across the Great 
Belt, a number of studies had been made at the VI in Roskilde. These included 
pulsator tests at -20°C, -10°C and 0°C. The report on the Danish study for the East 
bridge was published in its entirety in March 1993, with an important supplement 
regarding the pulsator tests in October the same year. When reviewing the very 
extensive and thorough report and conducting discussions with the Danes, it was 
found that a number of issues remained regarding expected and important 
information in the special case of the High Coast bridge and systems for test 
laying on the Pitsund bridge (cf Section 5).  

The tests in the Danish pulsator equipment in preparation for the East bridge 
can mainly be seen as a comparison against known Danish waterproofing and 
paving systems without polymer modification. For polymer modified systems, 
failure tends to occur in conjunction with securing and start-up (which according 
to the method are performed with test plates conditioned at room temperature). In 
view of the limited number of tests performed with polymer modified 
waterproofing products in the pulsator, and in particular for the system with 
polymer bitumen sheet, the Danish report recommended extensive development 
work before using systems of this type for waterproofing steel decks. (In the case 
of the High Coast Bridge, pulsator tests at the VI came to be included to a smaller 
extent as a complement to the more extensive comparative investigation at FMPA. 
See Section 6).   
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Figure 3 The East bridge across the Great Belt (during construction) 
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3  Experience from National Road Administration 
projects 

Collaboration between the National Road Administration and the VTI concerning 
waterproofing systems for bridge decks started in 1985 as a result of the 
requirements formulated for the National Road Administration in the 
"Vägvisaren" ("Signpost") directives. Major efforts were required in a number of 
strategically important areas, including bridges. New rules for bridge building 
were to be produced and research and development were to account for about 1% 
of turnover in the bridge sector. Among other things, alternative waterproofing 
methods for mastic asphalt were sought in the form of systems with better low 
temperature properties.  

The results and experience gained from these collaboration projects have 
provided the basis and input for project work on waterproofing and paving 
systems for the High Coast bridge.   
 
 
3.1 Polymer modified bitumen sheets  
The collaboration project between the National Road Administration and the VTI 
included initial studies of waterproofing sheets of varying types and materials, 
such as oxidised bitumen, polymer modified bitumen, butyl rubber, etc. Up to then 
(the mid-eighties), waterproofing sheets had only been used to a very limited 
extent on Swedish bridges.   

For bridges with single layer roadbases, often element bridges, Bituthene HD 
(consisting of a 2 mm thick self-adhesive rubber bitumen sheet) was used for 
some years. After being included as one of the products for testing in the project, 
Bituthene HD was later replaced by high quality polymer bitumen sheets.   

An evaluation of the results from the first part of the project, waterproofing 
sheets for concrete bridges, indicated that modified bitumen sheets were most 
interesting. Consequently, new investigations were started with SBS and APP 
modified bitumen sheets. (SBS stands for styrene-butadiene-styrene, a 
thermoplastic elastomer, and APP for atactic polypropylene, an amorphous 
plastomer). The investigations led to a testing programme, with specifications and 
requirements for polymer modified bitumen sheets in the "Bronorm 88" standards. 
The testing programme comprises general laboratory tests (of the waterproofing 
sheet) and performance tests of the total waterproofing system. After approved 
laboratory tests, test application on a bridge is performed. Field tests, 
documentation and laboratory trials have therefore been included in the project. 

Since 1988, extensive laboratory tests have been performed at the VTI to 
approve waterproofing sheets in accordance with Bronorm 88 and later BRO 94. 
All currently approved sheets are high quality 5 mm thick SBS modified bitumen 
sheets which are welded in a single layer to the underlying surface. Prior to laying 
the sheets, the deck is prepared with a primer (bitumen solution) which has also 
been tested together with the sheet in the laboratory.   

Polymer modified bitumen sheets for waterproofing concrete bridges were thus 
introduced with Bronorm 88. 

Subsequently, project work has involved a continued development of testing 
programmes, test methods and equipment. This work has also involved 
collaboration with product manufacturers and contractors. Contacts have been 
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established with corresponding organisations, research and testing institutes in 
other European countries.   

Today, polymer modified bitumen sheets have a leading position among 
waterproofing systems for concrete bridges in many European countries.   
 

 
Figure 4  Torch-welding of polymer modified bitumen sheet  
 
 
3.2  Mastic asphalt  
Waterproofing with mastic asphalt has been carried out on the National Road 
Administration's concrete bridges since about 1970. (Conventional mastic asphalt 
consists of bitumen with the addition of Trinidad Epuré, limestone filler and sand. 
Trinidad Epuré is a natural asphalt added to obtain better stability of the mastic 
product). The waterproofing, which is laid 10 mm thick on a ventilating glass fibre 
net, has a temperature of about 210°C when applied. Results have been good and 
waterproofing systems with mastic asphalt have long been the most frequently 
used system in Sweden.   

Since about 1990, more extensive development has been taken place on 
polymer modification of mastic asphalt. Two of the reasons for this have been the 
demands for an environmentally improved manufacturing process, with reduced 
fumes, and competition from waterproofing sheets with very good low 
temperature properties. (Trinidad Epuré, which is added to conventional mastic 
asphalt but not to polymer modified asphalt, develops more fumes than directly 
distilled bitumen). Product development work has been conducted mainly by 
Nynäs and Binab. The result is a polymer modified mastic asphalt with polymer 
binder Pmb 32. The polymer binder contains about 4% polymer of the SBS type. 
(The polymer is dispersed in the bitumen but does not form a continuous polymer 
network).   

Polymer modified mastic asphalt was introduced as a waterproofing alternative 
for Swedish National Road Administration bridges with BRO 94, and has now 
largely replaced the conventional mastic asphalt waterproofing (for better stability 
at higher temperatures and better low temperature properties). Also, polymer 
modified mastic asphalt is being used to an increasing extent as base course and/or 
wearing course on bridges, offering the same improved properties. However, the 
polymer modified product is usually more heat sensitive than the corresponding 
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conventional product. With high temperatures and/or long heating times, changes 
occur in the polymer and bitumen, resulting in poorer or fluctuating properties of 
the polymer binder.   

Higher indentation values do not give the same indication of changes in the 
binder in polymer modified products compared with conventional products. The 
homogeneity and thermal stability of the polymer asphalt product are a 
prerequisite for the end product on the bridge having the same good performance 
on each laying occasion. This is an aspect that must be followed up and measured. 
Changes in the product, such as separation and changes in the polymer 
microstructure during manufacture and laying, must be avoided. Effective quality 
control is necessary for this purpose.   

Waterproofing with mastic asphalt is also used in a number of other European 
countries, (such as Finland, the UK, Switzerland and Norway), but often to a 
lesser extent. Relevant requirements specifications for polymer modified asphalt 
and mastic asphalt products are largely lacking, as has clearly been seen in 
connection with discussions of test methods within CEN TC 314 Mastic Asphalt 
for Waterproofing.   

A comparative study of four different mastic asphalt products has been 
performed as part of a National Road Administration project (1993–1995). The 
aim was to compare the properties of the products at higher and lower 
temperatures with the aid of suitable testing methods in order to evaluate both 
products and methods. Using these results and experience as a platform, 
development has progressed through new collaboration projects to establish 
requirements specifications.   
 
3.2.1  Long-term heating tests according to BRO 94   
Long-term heating tests according to BRO 94 have been performed for a number 
of polymer modified mastic asphalt products during the period 1991–1996.  

The tests were performed to determine the ability of the polymer modified 
mastic asphalt product to withstand heating over a long period. The tests were 
performed according to BRO 94 for approval of new mastic asphalt products with 
polymer binders of the SBS type.  

Long-term heating is performed in accordance with the instructions and 
requirements specifications in BRO 94 Appendix 9–14, for a total of 60 hours. 
During the first 50 hours, the temperature of the mix must be kept at 190°C. The 
temperature is then raised to 215°C for the next six hours and to 230°C for the 
final four hours. (A representative of the VTI is present during the last 25 hours of 
long-term storage). Specimens are taken in accordance with the specified 
procedure and are examined with regard to indentation value and dimensional 
stability (at 55°C). Specimens are also taken for analysis of recovered binder 
(softening point, penetration and polymer content).  
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Figure 5  Laying mastic asphalt  
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4 Initial laboratory studies   
Initial laboratory studies for the High Coast bridge comprised tests of adhesion, 
shear strength and sliding properties for a number of selected waterproofing 
systems and products at different temperatures. Waterproofing systems with 
polymer bitumen sheets, polymer mastic asphalt and conventional mastic asphalt 
were included in the investigations. The products tested are described in Table 1.   

The results are described and commented in Section 4.2.   
 

Part 1 
At the time when the project was started, waterproofing with polymer bitumen 
sheets had been carried out for about ten years on concrete bridges in Sweden, but 
had not been used for steel bridges.  

The investigation included a 3.5 mm thick SBS modified welded bitumen sheet 
and primer products of several types (epoxy or bitumen based). For these products 
and product combinations, adhesion and shear strength tests were performed at 
-30°C, 50°C and 20°C.   

The aim of this part of the investigation was to gain an idea of the total 
adhesion and shear strength properties at varying temperatures and to obtain 
indications of chemical compatibility in the system, i.e. whether the materials in 
the system are chemically compatible or if sliding can be expected owing to 
migration of softening components from one layer in the waterproofing system to 
another under the influence of temperature and time.   
 
Part 2   
Following the initial series of tests described above, a complementary laboratory 
investigation was made of adhesion, shear strength and sliding properties for 
waterproofing systems with polymer bitumen sheets, polymer mastic asphalt and 
conventional mastic asphalt. The systems investigated were also among those 
applied experimentally on the Pitsund bridge (see Section 5).   

The purpose of this second part of the investigation was to compare the 
properties of the three systems, mainly at higher temperatures, against the results 
obtained for systems with polymer bitumen sheets in the first study. The tests were 
primarily intended to clarify whether waterproofing systems with polymer 
bitumen sheets have decisively poorer or better adhesion and shear strength 
properties at higher temperatures when compared with corresponding systems 
based on polymer modified mastic asphalt or conventional mastic asphalt.   
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Table 1  Products included in the initial investigations   
 
Product  Description Manufacturer 

Sadofoss Bitumen primer med 40-50 % Casco Nobel, Denmark 
 solvent 
NM 270 anti-corrosion primer, epoxy with Nils Malmgren 
 iron oxide and solvent 
Isoglasyr 11P Polymer modified bitumen- Binab 
 primer with appr. 60%  
 solvent 
NM 52T Tar epoxy with 3.5 % tar Nils Malmgren 
Waterproofing sheet 3.5 mm SBS-modified Trebolit 
 bitumen sheet 
Mastic asphalt "Tjörn formula" with 16.5 % Binab / Nynäs 
 binder B 85 
Pol. mastic asphalt With 18.5 % polymer binder Binab / Nynäs 
 Pmb 32 
Pol. mastic asphalt GJA 8 With 8 % polymer binder Binab / Nynäs 
 Pmb 32 

_________________________________________________________________________________________ 
 

Adhesion and shear strength tests were performed at temperatures of 20°C and 
50°C. The tests were performed without previous heated storage or ageing. Sliding 
test was performed at a temperature of 60°C and an inclination of 15°.  
 
 
4.1 Test method   
Adhesion tests and shear strength tests were performed in accordance with the 
corresponding method for waterproofing and paving systems for concrete bridges. 
Sliding test was performed generally in accordance with the German method in 
TP-BEL-ST.   

The adhesion and shear strength tests were performed at higher and lower 
temperatures, 50°C, -30°C and 20°C. In certain cases, testing was performed both 
before and after heat storage.  

Sliding test was performed at 60°C according to the German method.  
 
4.1.1 Adhesion  
Adhesion tests were performed with test plates of steel (15 mm, Sa 2.5). The test 
method agrees with the corresponding method for waterproofing systems for 
concrete bridges according to BRO 94.  

The method relates to perpendicular tensile testing with MTS test equipment.   
Testing is normally performed at room temperature (20°C), a test area with a 

diameter of 50 mm and an increase in tensile strength of 200 N/s. In this particular 
investigation, testing was also performed at 50°C and -30°C. In certain cases, the 
specimen was placed in heated storage before testing. The specimen was 
conditioned at the specified temperature ±1°C, after which the test was performed 
immediately. 
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Figure 6  Adhesion (concrete surface)   
 
4.1.2 Shear strength   
Shear strength tests were performed with plates of steel (15 mm, Sa 2.5). The test 
method agrees with the corresponding method developed for use on a concrete 
surface according to BRO 94.  

The method relates to direct shear influence and is performed with MTS testing 
equipment.   

Testing is normally performed at room temperature (20°C), after three months 
heated storage at 50°C, and a shearing rate of 10 mm/min. In this particular 
investigation, testing was also performed at 50°C and -30°C, and for each test 
temperature also without preceding heated storage. Conditioning of specimens 
was performed as in the adhesion test.   
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Figure 7  Shear strength (concrete surface)   
 
4.1.3 Sliding   
Sliding tests were performed to obtain an idea of the sliding susceptibility of the 
waterproofing system at high temperatures and with a steep inclination on the 
bridge.   

During testing, the waterproofing was exposed to pressure and shear under the 
influence of the weight of the paving layer alone.   

Testing was performed at 60°C and the specimen was inclined at 15°. The 
method agrees largely with German tests according to TP-BEL-ST for steel 
bridges. (During 1993, the method was evaluated with regard to bridge 
waterproofing systems with polymer bitumen sheet for concrete bridges. The 
investigation has been documented in VTI notat 17-93).  
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Figure 8  Sliding   
 

The waterproofing was applied to a steel surface (15 mm, Sa 2.5) in accordance 
with the instructions. The test plate was then placed in a mould and the 
waterproofed surface covered with a layer of asphalt concrete approximately 
10 cm thick, corresponding to 180 kg/m2. The paving mix was an ABT 4 
compacted at 150°C in six layers using a manually driven Marshall stamp and a 
heated pressure distributing plate. The voids content obtained was approximately 
20%.   

After the test plate and mould had cooled, the mould was removed and the 
outer surfaces of the paving layer sealed so that no disintegration could occur 
during the subsequent heat application. The test plate was then placed on a holder 
inclined at 15°, after which the holder and specimen were transferred to a heating 
cabinet with a temperature of 60°C. The position of the pavement was determined 
against a scale on the holder. The scale was then used for measuring sliding after 
24, 48, 72 and 100 hours. Three specimens were tested.   
 
 
4.2 Results   
4.2.1 Part 1 – Polymer modified bitumen sheets and primer products   
In connection with the investigations with the polymer modified bitumen sheets 
and primer products of different types, a number of preliminary conclusions were 
drawn based on the results and earlier experience from corresponding systems and 
test methods for concrete bridges.   

Waterproofing systems with anti-corrosion primer NM 270 in combination 
with an epoxy product, NM 52T, 3.5 mm SBS modified bitumen sheet and a 
protective layer of polymer modified mastic asphalt generally showed good 
adhesion and shear strength properties.  

The adhesion results obtained varied between 0.3 N/mm2 (at 50°C) to more 
than 2 N/mm2 (at -30°C). In every case, failure occurred in the sheet. The bonding 
between the anti- corrosion primer and steel surface exceeded these values by a 
large margin, as did the adhesion between the two epoxy layers. Adhesion did not 
deteriorate during heated storage.  

Similarly, shear strength in the system varied considerably with temperature, 
from 0.04 N/mm2 (at 50°C) to 1–3 N/mm2 (at -30°C). In the latter case, failure 
occurred against the primer after less than 1 mm shearing, while at the higher 
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temperature, the shear force was completely absorbed by the waterproofing sheet. 
The products used in the system were chemically compatible.   

Since comparatively low results were obtained at a test temperature of 50°C 
(adhesion 0.3 N/mm2 and shear strength 0.04 N/mm2 after 1 mm shearing) it was 
proposed that corresponding testing for purposes of comparison should be 
performed also on systems with mastic asphalt and/or polymer modified mastic 
asphalt. The tests were considered necessary in order to clarify whether or not the 
latter two systems differed notably from the present system with polymer bitumen 
sheet.  
 
4.2.2  Part 2 – Polymer modified bitumen sheet, polymer modified 

mastic asphalt and conventional mastic asphalt  
All the measured adhesion and shear strength values for waterproofing systems 
with polymer bitumen sheet, both at 50°C and 20°C, were lower than the 
corresponding values for waterproofing systems with polymer modified mastic 
asphalt. For the system with conventional mastic asphalt, adhesion at 50°C was 
the same as for the system with polymer modified bitumen sheets, but at 20°C it 
was considerably higher.   

In every case, the adhesion failures obtained occurred in the waterproofing, i.e. 
in the welded bitumen layer of the polymer bitumen sheets or in the mastic asphalt 
layer. Adhesion between waterproofing and underlying surface was in every case 
better than the adhesion in the waterproofing itself (at the particular temperatures).   

Shear failure, at shear up to 10 mm, did not occur for the system with polymer 
bitumen sheets: instead, the shear force was absorbed by the sheet and the 
specimen regained its original shape after testing. Neither did shear failure occur 
at 50°C for the waterproofing system with polymer mastic asphalt. At 20°C, 
however, the mastic layer broke down after 9 mm shearing and maximum shear 
resistance of 0.76 N/mm2. For conventional mastic asphalt, the mastic layer broke 
down during testing at both temperatures.  

At an inclination of 15° and a temperature of 60°C, no major sliding occurred 
in the polymer mastic asphalt system than in the system with polymer bitumen 
sheets. The sliding occurred between the waterproofing and the underlying 
surface, i.e. within or against the primer system. For the conventional mastic 
asphalt system, sliding was already significant after the initial 24 hours (when the 
gliding in the primer layer was more than 10 mm). After 100 hours storage, sliding 
of 50 mm or more was measured on two of the plates investigated.   
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Table 2  Test results for the products investigated     
System  Test temp. 

(°C) 
Adhesion  
(N/mm²) 

 

Shear strength 
(N/mm²) 

after 
1 mm        10 mm 

Slidning 
(mm) 

Incl. 15° / Temp. 60°C 
24h    48h      72h    100h 

         
 Waterproofing 

sheet 
 

50 
 

0.3 
 

0.02        0.05 
    

 NM 52T*    0 0.5 0.7 0.7 
 NM 270 20 1.0 0.15        0.33     
 Steel        
         
 Mastic pol   

50 
 

0.5 
 

0.04        0.12 
    

 Sadofoss    0.7 1.2 1.2 1.5 
 NM 52T*        
 NM 270 20 2.0 0.30        0.76     
 Steel        
         
 Mastic 

 
50 0.3 0.04        0.09  

12 
 

22 
 

31 
 

50 
 Sadofoss 20 1.9 0.71        0.12     
 Steel        

* With sand (fraction 0.5-2.0 mm) 
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Figure 9  Shear resistance for the waterproofing systems investigated at 20°C 

and 50°C   
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5 Test laying on the Pitsund bridge with follow-up 
inspections and laboratory tests on materials 
used  

As mentioned earlier, laboratory tests and comparative field tests were performed 
on a number of selected waterproofing and paving systems in order to choose the 
"right" system for the High Coast bridge. Test laying was performed on bridge BD 
1377 at Pitsund during summer 1993, with follow-up inspections until the end of 
May 1997. 
 

 
Figure 10 Bridge BD 1377 at Pitsund 
 
 
5.1 Products   
The waterproofing and paving systems laid on the bridge are described in Table 3. 
The products investigated in the laboratory are included in these systems and 
agree with the earlier description of products in Table 1 (Section 4).   

Prior to test laying, sheet products (rolls of sheet and jointing strip) were sent to 
the VTI for initial tests on adhesion, shear strength and sliding properties (Section 
4). The reported tests on the sheet and jointing strip were performed on material 
from these consignments. In regard to other materials, specimens were taken in 
conjunction with test laying on the bridge.   
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Table 3  Waterproofing systems on bridge BD 1377 at Pitsund 
 
System Construction 
 Primer  Waterproofing Binder course Wearing course 

1 sadofoss  mastic GJA GJA  
   4 mm 21 mm 35 mm 
2 sadofoss  pol.mastic pol.GJA pol.GJA 
   4 mm 21 mm 35 mm 
3 sadofoss  pol.mastic pol.GJA ABS 
   4 mm 21 mm 35 mm 
4 NM 270  NM 52T  sheet pol.GJA pol.GJA 
   3.5 mm 21 mm 35 mm 
5 NM 270  NM 52T  sheet pol.GJA ABS 
   3.5 mm 21 mm 35 mm 
6 NM 270  NM 52T  sadofoss pol.mastic pol.GJA pol.GJA 
   4 mm 21 mm 35 mm 
7 NM 270  NM 52T  sadofoss pol.mastic pol.GJA ABS 
   4 mm 21 mm 35 mm 
8 NM 270  NM 52T  sadofoss  pol.GJA ABS 
    21 mm 35 mm 

_________________________________________________________________________________________ 
 
 
5.2 Laboratory tests and results   
The laboratory tests were performed in order to determine the quality and 
performance of the products and to obtain measurements and experience, 
primarily concerning changes and ageing in the polymer modified products during 
manufacture and laying on the bridge. The experience and results (together with 
results and valuations from the bridge) were then to be used for future 
requirements specifications on the waterproofing and paving system for the High 
Coast bridge.  

The tests were performed in accordance with an agreed programme, mainly 
during the period March 1993–June 1994. The investigation was subsequently 
complemented with results from other ongoing development projects, such as 
binder analysis with BBR (Bending Beam Rheometer) and chemical analysis with 
Iatroscan and GPC. Further results from investigations of mastic asphalt products 
were added later.   

The investigation comprised the following aspects. 
 
 
5.2.1 NM 270 (anti-corrosion primer) 
The investigation was performed in agreement with selected parts of the testing 
programme and requirements for epoxy sealants according to BRO 94 and VTI 
notat V 155, "Sealing of concrete bridges. Laboratory tests on epoxy products".   

Testing comprised determination of parameters such as volatile constituents, 
hardening time, changes during storage in water and adhesion to a steel surface.   

The results are commented on in selected portions below and are shown in 
Appendix 1. (The Appendix includes requirements specifications according to 
BRO 94).   
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5.2.1.1   Volatile components  
In a comparison with the corresponding requirements for epoxy sealants according 
to BRO 94, the content of volatile components was found to be high in the case of 
NM 270, the reason being that the product contains solvent. (During testing, 
specimens are stored for 3 hours at 105°C).   

For a hardened product, the content of volatile constituents was found to be 7% 
by weight. The hardener in product NM 270 is volatile to 49% by weight.   

To obtain sufficient adhesion to steel, an anti-corrosion primer such as NM 270 
contains solvent, according to the manufacturer.  
 
 
5.2.1.2   Hardening  
In regard to hardening (curing) and hardening time, it was found that after 24 
hours hardening at room temperature, NM 270 had reached 38% of the hardness 
of a fully hardened product. At 5°C, the hardening sequence was very slow, and 
after 48 hours the product had reached less than 20% of the hardness of a fully 
hardened product. According to the manufacturer, the lowest temperature at which 
the product could be applied was 5°C. (When testing resin and hardener, these are 
initially conditioned at room temperature, but are cast, hardened and tested at 
5°C).   

It should be mentioned that no problems were found in the application of 
product NM 270 on the Pitsund bridge. Under the prevailing conditions, a suitable 
drying time ("thumb test") was considered to be at least 12 hours. Resin and 
hardener were placed in a heated personnel cabin. The temperature of the steel 
deck was approximately 10°C at application and primer coated surfaces were 
covered with plastic sheeted frames to achieve better hardening conditions and 
shorter hardening time.   
 
 
5.2.1.3  Storage in water 
After storage in water in the laboratory for three months at room temperature 
(fully hardened product) a weight increase of about 3% was obtained while 
hardness was unchanged. Storage in water at 70°C led to a smaller change in 
weight.   
 
 
5.2.1.4   Adhesion to steel 
Adhesion between NM 270 and steel of the relevant type was determined on a 
number of occasions. Failure occurred only at very high forces.   

For test plates applied with only one layer of NM 270 (i.e. not in combination 
with NM 52T), adhesion failure occurred against the steel stamp in all test pulls, 
and thus no acceptable values for adhesion between primer and steel could be 
recorded. Failure occurred due to difficulties in getting the test stamp to adhere to 
the thin layer of primer. The result was thus reported as greater than the value 
obtained. Recorded values were between 1 and 3 N/mm2. 

In earlier preliminary laboratory tests (Section 4) of adhesion and shear strength 
for systems with NM 270, adhesion failure between NM 270 and steel had 
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occurred in occasional cases when testing systems with multiple layers of epoxy. 
Recorded values were approximately 10 N/mm2 at room temperature.  
 

 
Figure 11  Applying anti-corrosion primer NM 270  
 
 
5.2.2  NM 52T (epoxy)   
Testing was performed as for NM 270, i.e. according to BRO 94.   

NM 52T is used partly as a sealant for concrete bridges, and the test results 
obtained should therefore meet the requirements of BRO 94.   

The results obtained are shown in Appendix 1.   
 
 
5.2.2.1  Volatile components   
Volatile components in the hardened product amounted to approximately 4% by 
weight and in the hardener to about 19% by weight.   

According to the manufacturer, NM 52 T contains no solvent. (However, the 
hardener contains amines which can be volatile at 105°C). 
 
 
5.2.2.2  Storage in water   
An increase in weight of approximately 3% was obtained after storage in water for 
three months.   
 
 
5.2.2.3  Adhesion to anti-corrosion primer   
Adhesion between NM 52T and NM 270 was determined for the test plates 
applied with only these two primer products. The values obtained were in excess 
of 5 N/mm2. Failure occurred once or twice between NM 270 and NM 52T, as 
well as against the stamp. (In earlier preliminary tests, (Section 4) adhesion results 
of up to approximately 10 N/mm2 had been recorded with the same epoxy 
system).   
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Figure 12 Sanding epoxy NM 52T   
 
 
5.2.3  Waterproofing sheet   
Testing was performed mainly in accordance with the testing programme and 
requirements specifications in BRO 94. Test plates of concrete were replaced by 
plates of steel.   

The sheet examined met the requirements of BRO 94 with the exception of 
thickness, ageing resistance and water pressure testing after perforation.  

The sheet was manufactured in a thinner variant than prescribed by BRO 94. 
However, according to the manufacturer, it corresponded (in regard to the formula 
for the polymer bitumen) to one of the approved sheets manufactured at Trebolit 
for waterproofing concrete bridges. The carrier was of the same type and thickness 
as that in the approved sheet (250 g/m2).   

The results obtained and the requirements specifications according to BRO 94 
are shown in Appendix 2.   
 
 
5.2.3.1  Thickness   
The thickness of the sheet was approximately 3.6 mm, of which 1.7 mm consisted 
of bitumen under the carrier. (Corresponding thickness requirements for 
waterproofing concrete decks are a minimum of 5.0 mm and 3.0 mm respectively. 
As already mentioned, the particular sheet had been made thinner to achieve a 
somewhat stiffer system for steel bridges).   

According to an agreement with the manufacturer, the welding bitumen layer 
should have been at least 2.0 mm thick to reduce the risk of overheating of the 
bitumen and carrier during welding. 
 
 
5.2.3.2  Ageing resistance – change in softening point  
In regard to change in softening point during storage for six months at 70°C, BRO 
94 prescribes a maximum of 20°C±5°C (previously at most 10°C±5°C). The 
recorded change in softening point was found to be 30°C after six months (and 
20°C after three months).  
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The reduced thickness of the particular sheet may to some extent have had a 
negative influence on its ageing resistance in this respect.   

It should be mentioned that during 1997–1998, a quality follow-up of polymer 
modified waterproofing sheets certificated according to BRO 94 has been carried 
out to determine whether these products continue to meet the requirements of 
BRO 94 with regard to softening point and low temperature flexibility after heated 
storage for six months at 70°C. The results obtained do not show any notable 
changes.  
 
 
5.2.3.3  Ability to withstand dynamic water pressure after impact 
Impact and dynamic water pressure testing was performed with 1,000 pulses at 
0.5 MPa, resulting in leakage. However, the sheet withstood testing with 
1,000 pulses at 0.3 MPa. (Impact pre-treatment is performed at room temperature, 
a weight is allowed to fall freely onto the waterproofing sheet. The degree of 
perforation is then assessed by applying water pressure).   

The reduced thickness of the sheet has affected the results of the test.   
 

 
Figure 13  Laboratory equipment for measuring impact resistance in 

combination with dynamic water pressure  
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5.2.3.4  Adhesion  
Adhesion of the sheet was investigated for a primer system of NM 270 and 
NM 52T (sanded surface) without preceding ageing cycles and also after specified 
ageing cycles according to the testing programme in BRO 94.  

The results were approximately 1.0 N/mm2 in tests performed at room 
temperature. Failure occurred in the sheet. Corresponding test results after ageing 
cycles were approximately 1.2 N/mm2.   

The values obtained thus meet the corresponding adhesion requirements for 
concrete bridges in laboratory tests.   

Testing was also performed at lower and higher temperatures, under varying 
conditions and with different primers applied. The results of these investigations 
are shown in Section 4.   
 

 
Figure 14  Adhesion tests on the bridge   
 
 
5.2.3.5  Shear strength  
Shear strength tests were performed after heated storage for three months at 50°C 
with a primer system of NM 270 and NM 52T (sanded surface) and a protective 
layer of mastic asphalt.   

The results obtained were approximately 0.3 N/mm2 at room temperature. The 
corresponding requirement for concrete bridges is at least 0.15 N/mm2.   

The reduced thickness of the sheet should have had a positive influence on the 
results in this test, i.e. lower results would have been obtained if the sheet had 
been thicker.   

Further tests were performed under different conditions also in the case of 
shear strength. These are reported in Section 4.   
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5.2.3.6  Jointing strip  
Instead of laying the sheet with an overlap on longitudinal and transverse joints 
(as is usual on concrete bridges), somewhat thinner jointing strips were applied in 
this test. The intention was to obtain as even a waterproofing layer as possible.   

The jointing strip for the waterproofing sheet was investigated only with regard 
to thickness, weight per unit area, tensile strength and elongation at break, 
dimensional stability in heated storage and impact resistance and water pressure 
according to BRO 94.   

In the last of these tests, the specimen consisted of a welded piece of sheet 
(3.5 mm) and a jointing piece (2.5 mm). No leakage occurred during testing.   

A test plate of steel (with primer system of NM 270 and NM 52T) was also 
covered with sheet (laid edge to edge) and a jointing strip welded on top for 
ageing and visual assessment of possible blistering. No blistering was observed.   
 

 
Figure 15  Welding the jointing strip   
 
 
5.2.4 Mastic asphalt 
Tests on fine aggregate mastic asphalt and polymer modified fine aggregate mastic 
asphalt from the Pitsund bridge were performed in accordance with the agreed 
programme and procedure.   

Mastic asphalt (according to the "Tjörn formula") is included in system 1 on 
the bridge. Polymer modified mastic asphalt (with Pmb 32) is used in systems 2, 
3, 6 and 8.  
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Blocks of mastic asphalt "according to the Tjörn formula" were heated and 
mixed in place on the bridge on two occasions (different days and "brews" for 
each bascule). On the first occasion of laying material and taking test samples, the 
mastic was heated in a small boiler (50 l tipping boiler with manual stirring). The 
heating time was approximately 2 hours, after which the samples were taken when 
laying the mix. The temperature of the mix was 190°C when the samples were 
taken. On the second occasion, a larger HOAB boiler (250 l with mechanical 
stirring) was used. The heating time was approximately 1 hour and the mix had a 
temperature of 230°C when the samples were taken. 

The polymer mastic asphalt was heated similarly on two different occasions in 
the HOAB boiler. At sampling, the mix had a temperature of 200°C and 220°C 
respectively. In both cases the heating time was approximately 3 hours.   

The laboratory investigation comprised tests on the mastic product itself, 
recovery of the binder and binder analyses. In the last instance, the intention was 
to compare the analysis results obtained with corresponding results for the original 
binder and polymer binder. Owing to a misunderstanding, no test samples were 
taken from the original binder or polymer binder. The following parameters were 
investigated and are described in Table 4.   

• Indentation value 
• Dimensional stability   
• Ball penetration   
• Softening point Wilhelmi   
• Low temperature test according to Herrmann   
• Three-point loading test   

 
 
5.2.4.1  Indentation value   
Testing was performed in accordance with FAS method 447-91, with a 1 cm2 test 
stamp and testing temperature 20°C.   

The results obtained were on average 53 and 130 seconds for mastic asphalt 
and polymer modified mastic asphalt respectively.  

Indentation test was performed on test cubes cast in paper moulds. Specimens 
had been taken for each product on two occasions on the bridge (see Section 
5.2.4).  

For the test cubes of mastic asphalt "according to Tjörn" the casting 
temperature was, as mentioned, 195°C in one test and 230°C in the other. Melting 
and heating of the mix continued for a maximum of about two hours. The results 
varied between 47 and 60 seconds, but no systematic difference relating to the 
occasion when the specimens were taken could be found.  

The test cubes of polymer mastic asphalt were taken at an application 
temperature of 200°C and 220°C respectively, and the maximum heating time was 
about 3 hours. The results obtained were between 109 and 158 seconds, with a 
difference of about 35 seconds depending on the occasion when the specimens 
were taken. 

According to BRO 94, the indentation value for conventional mastic asphalt 
must be between 60 and 240 seconds. The corresponding range for polymer 
modified mastic asphalt is 45–180 seconds. The indentation value obtained for 
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mastic "according to Tjörn" was thus somewhat lower than that recommended by 
the National Road Administration for conventional mastic asphalt.   
 
 
5.2.4.2  Dimensional stability   
Testing was performed in accordance with BRO 94. Test cubes were placed in 
heated storage for 24 hours at 55°C, after which the change in dimensions of the 
cubes was measured. The difference between the measured mean values before 
and after heated storage was recorded.  

The method is based on that according to DIN 1996 Teil 17 (1990) 
"Bestimmung der Formbeständigkeit in der Wärme", but relates only to polymer 
modified mastic asphalt.   

The change in dimensional stability obtained for the polymer modified product 
was on average 2.0 mm.   

The test cubes were taken in the same way as the indentation value cubes on 
the above mentioned occasions, and two cubes from each occasion were tested. 
Indentation value testing was not performed before dimensional stability testing.   

According to BRO 94, the change in dimension for a polymer mastic asphalt 
must not exceed 10 mm. This requirement must also be met in long-term heating 
of the mix for up to 60 hours, including an initial 50 hours at 190°C±5°C and the 
remaining 6 plus 4 hours when the temperature is increased to 215°C±5°C and 
230°C±5°C respectively. (The same applies to corresponding requirements for the 
indentation value). Dimensional stability testing is normally not performed on 
conventional mastic asphalt.   
 
 
5.2.4.3  Ball penetration  
Testing was performed according to the method described in TP-BEL-ST 
(Technische Prüfvorschriften für die Prüfung der Dichtungsschichten und der 
Abdichtungs-Systeme für Brückenbeläge auf Stahl) for determination of 
penetration and elastic recovery of the material. When determining penetration, 
the same needle penetrometer was used as in conventional determination of 
penetration for a bituminous binder, but with the penetration needle replaced by a 
penetration ball (diameter 17 mm) which can be loaded with an extra weight. The 
total weight in testing was 3,000 grams. Penetration and recovery at unloading 
were recorded, after which the elastic recovery was calculated in per cent of the 
penetration. Penetration after 15 minutes loading was recorded, together with 
recovery after a further 15 minutes unloading.   

Penetration for the polymer modified mastic product was recorded as 
approximately 45 mm/10, with a corresponding elastic recovery of approximately 
7%.   

In this test, as in corresponding tests on other mastic asphalt materials, the 
dispersion between individual values as well as the repeatability of the method 
have been fond unsatisfactory. Therefore, the method is not recommended for 
polymer modified mastic asphalt of this type.   
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5.2.4.4  Softening point Wilhelmi  
Testing was performed in accordance with DIN 1996 Teil 15 („Bestimmung der 
Erweichungspunkt nach Wilhelmi". The softening point of the mastic product was 
recorded, i.e. the temperature at which the specimen assume the form of a sack 
during a certain temperature increase and loading and, in accordance with the 
corresponding method for binders (Ring & Ball), reaches the bottom plate of the 
test beaker. (Softening point Wilhelmi is used in Germany for routine testing of 
mastic asphalt and as a "substitute" for the indentation value (according to 
personal information from Herr Hartmann, previously manager at Deutsche 
Asphalt Zentrallaboratorium in Frankfurt).   

The particular softening point was determined for mastic asphalt "according to 
Tjörn" as 105°C. Softening point for the polymer modified mastic asphalt was 
about 10°C higher.  

The investigated specimens were obtained on the occasions mentioned earlier, 
and the mix temperature was 195°C for mastic asphalt and 200°C for polymer 
mastic asphalt.   
 
 
5.2.4.5  Low temperature tests according to Herrmann   
Testing was performed in accordance with DIN 1996 Teil 18 "Kugelfallversuch 
nach Herrmann". A ball-shaped specimen conditioned to a low temperature was 
allowed to fall freely from a certain height (at most 5 metres). The specimen was 
then investigated for fractures and cracking. A "ranking" between products was 
thus obtained.   

In the particular investigation, tests were started at -20°C and heights of 250 cm 
and 120 cm respectively, after which the temperature was increased in steps of 
10°C until the specimen survived the test without cracking or other physical 
damage. Polymer mastic asphalt survived a fall from 120 cm at -20°C (but not 
from 250 cm at the same temperature). Mastic asphalt "according to Tjörn" 
survived a fall from 120 cm at 0°C (but not from 250 cm at the same temperature 
or from 120 cm at -10°C). Owing to a lack of material, no further combinations 
(temperature/height) could be tested.   
 
 
5.2.4.6  Three-point loading test  
During testing, indirect tensile strength, strain and elongation in three-point 
loading of a test beam were measured at failure. Continuous recording of the 
applied force as a function of the vertical deformation at a loading rate of 
0.5 mm/min was performed in order to calculate the maximum indirect tension 
(flexural strength), the deflection of the beam (strain) on the bottom surface at 
failure, and the E-modulus.   

The method agrees with the corresponding Danish procedure for mastic asphalt 
products. (See method description in VTI notat 31-1996 "Waterproofing and 
paving on road bridges. Polymer modified mastic asphalt").   

Testing was performed for both the mastic products at -20°C. The indirect 
tensile strength obtained was somewhat higher for a polymer modified mastic than 
for the reference mastic "according to Tjörn", as was elongation at failure. The E-
modulus was lowest for the polymer modified product.   



VTI rapport 430A 37 

 



38 VTI rapport 430A 

5.2.5  Mastic asphalt - binder   
The binder was recovered with dichloromethane, according to FAS method 
419-91. The binder content and particle size distributions were determined.   
 

 
Figure 16  General diagram, three-point loading   
 

Traditional binder analysis was performed on recovered binder with regard to a 
number of parameters: 

• Penetration at 25°C according to FAS method 337-91   
• Dynamic viscosity at 60°C, according to FAS method 340-91   
• Softening point Ring & Ball, according to FAS method 338-91   
• Breaking point Fraass, according to IP 80   
• Elastic recovery at 10°C, according to the method used at VI, P2.105 

(1993)   
 

In addition, chemical analysis of recovered binder from non- polymer modified 
products was performed with the aid of Iatroscan. GPC analysis had been planned, 
but was not performed until later in the project (see Sections 6 and 7). The 
stiffness properties of the binder at low temperatures were studied with the aid of 
BBR.   

The Iatroscan method is a selective quantitative method for separating bitumen 
into asphaltenes, resins, aromatic oils and saturated oils. Thin layer 
chromatography is used in combination with flame ionisation. The results 
obtained can be regarded as a fingerprint of the bitumen.   
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Figure 17 Iatroscan-analysis 
 

GPC analysis (Gel Permeation Chromatography) entails chemical analysis with 
regard to molecular weight and molecular weight distribution, and is thus also 
regarded as producing a "fingerprint" of the binder.   

BBR analysis (Bending Beam Rheometer) is performed to determine the 
stiffness and m-value of a bitumen in creep loading. A small bitumen beam is 
loaded in a three-point bending test to build-up of strains under falling 
temperatures in a road pavement.   

The method has been developed within the SHRP (Strategic Highway Research 
Program) and is now included as a test method in the SUPERPAVE specification 
for binders. According to the American requirements specifications, testing is 
performed at a temperature 10°C higher than the expected lowest road pavement 
temperature (according to the relevant performance grade). Stiffness after 60 
seconds loading must not exceed 300 MPa and the m-value must be at least 0.300. 
According to SUPERPAVE, testing is performed on specimens which have been 
aged artificially in the laboratory in RTFO (Rolling Thin Film Oven) and in a 
PAV (Pressure Ageing Vessel). In this very limited investigation, recovered 
binder was tested at -12°C and at -18°C (corresponding to a pavement temperature 
of -22°C and -28°C according to SUPERPAVE).   

Elastic recovery test and fluorescence microscopy were performed only for 
polymer modified binder. 
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Figure 18 BBR-analysis 
 
 
5.2.5.1  Results   
In regard to binder content and particle size distribution, the results were in 
relatively good agreement with the information supplied by the manufacturer 
(binder contents 17.4 and 18.3 against stated values of 16.6 and 18.5% by weight; 
similarly, the filler contents were 82.7 and 81.0 as against 83.5 and 81.5% by 
weight respectively).   

Based on the analysis values obtained, recovered binder from mastic asphalt 
"according to Tjörn" corresponded to binder type B60. In a comparison with 
binder recovered from the polymer modified mastic asphalt product, it was found 
that the penetration was somewhat lower (5 mm/10), the softening point 15°C 
higher and the breaking point 6°C lower than for the non-modified binder in 
mastic asphalt "according to Tjörn". Elastic recovery at 10°C (after 30 minutes) 
was 69% for the recovered polymer modified binder.   

Using fluorescence microscopy, the polymer could clearly be seen in the 
polymer modified mastic asphalt and in the recovered polymer modified binder.   

In regard to low temperature properties and stiffness values in BBR analysis at 
-12°C and -18°C, the stiffness of both the recovered binders was lower than 
300 MPa, while the corresponding m-values were higher than 0.300. At these 
temperatures, the binder from the mastic asphalt "according to Tjörn" was 
somewhat stiffer than the binder from the polymer modified mastic asphalt 
product. Figure 20 compares all the binders tested in the investigation with regard 
to deflection at -12°C and -18°C respectively.   
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Table 4 Laboratory testing of fine aggregate mastic asphalt from the test 

bridge at Pitsund 
 
Testing  Mastic  Pol  mastic 
  "Tjörn" 

Indentation value (s) 53 (47 58 ; 60 46 ) 130 (158 140 ; 118 109) 
at 20°C     
Dimensional stability (mm) 40  2.0 (2.5 2.5 ; 2.0 1.0) 
at 55°C      
Ball penetration (mm/10 ; %)      -  45 (52 48 38) ;  7 (2 10 8) 
Softening point Wilhelmi (°C) 105 (107 103 ; 102 109) 117 (117 117) 
Herrmann (°C/cm) 0/120  -20/120 
Three-point loading at -20°C 
-Flexural strength (N/mm2) 19.3  20.4 
-Deflection (%)  0.83  1.04 
-E-modulus (MPa) 2510  2260 
Binder content (% by weight) 17.4 (17.7 17.3 17.9 16.8) 18.3 (18.3 18.4 18.2) 
Particle size distribution see appendix 3  see appendix 3 
 
BINDER ANALYSIS for recovered binder 
Penetration (mm/10) 62 (62 62 62)  57 (57 57 56) 
at 25°C      

Dynamic viscosity (Ns/m2) 385 (385 384)  3198 (3318 3077) 
at 60o      

Softening point (oC) 51 (51 51)  66 (66 66) 
Fraass breaking point (oC) -9 (-10 -9 -9)  -15 (-15 -15 -15) 
Elastic recovery (%) 
at 10°C 30 min -  69 (69 69) 
 60 min -  76 (76 76) 
Iatroscan  see appendix 4  see appendix 4 
BBR-analysis 
at -12°C 
     stiffness (MPa) 98  82 
  (104 91)  (80 84) 
     m-value  0.473  0.483 
  (0.483 0.462)  (0.482 0.483) 
 at -18°C 
     stiffness (MPa) 252  225 
  (281 223)  (228 221) 
     m-value  0.330  0.412 
  (0.368 0.292)  (0.438 0.385) 
_________________________________________________________________________________________ 
 
 
5.2.6  Mastic asphalt (GJA) and asphalt concrete (ABS)   
Tests on coarse aggregate mastic asphalt, polymer modified coarse aggregate 
mastic asphalt (GJA) and asphalt concrete of mineral-rich type (ABS) from bridge 
BD 1377 were performed in accordance with the agreed testing programme and 
procedure.  

Mastic asphalt ("according to Tjörn") was included as binder and wearing 
course in system 1 on the bridge. Polymer modified mastic asphalt was included 
as binder and wearing course in systems 2, 4 and 6. Polymer modified mastic 
asphalt was included as binder course also in systems 3, 5, 7 and 8, but then with 
ABS as wearing course.   
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The mastic asphalt was heated on site in a HOAB boiler. Both the bridge 
bascules were paved during the same heating sequence, which continued for a 
total of about five hours, adding new material after about half this time. 
Specimens were taken after two hours at a mix temperature of 212°C. At the end 
of the total heating time, the temperature was approximately 230°C.   

The polymer modified mastic asphalt was transported from Akalla. According 
to the manufacturer's specification, the total time for transport and laying was 25 
hours. For the larger part of the transport (17 hours), the temperature of the mix 
was between 170°C and 180°C; only for about 4 hours was it above 200°C 
(between 201°C and 210°C). About 1 hour before test samples were taken, an 
extra block of polymer binder weighing 40 kg was added to the polymer modified 
mastic asphalt (8 tonnes of mix), the reason for this being unknown. At the time 
when the test samples were taken, the temperature of the mix was 206°C.   

In regard to the wearing course of ABS, a number of problems occurred. The 
first pavement had to be relaid since the original laying and rolling had been 
performed at an unacceptably low temperature. (According to a report from 
BINAB, the mix in the truck for the paver had a temperature of 115°C during 
laying). Laboratory analysis of drill cores at the VTI showed voids contents of 
about 7-9% by volume. In subsequent laying, the corresponding mix temperature 
was between 180°C and 190°C (which is somewhat higher than "normal").   
 

 
Figure 19  Laying polymer modified mastic asphalt GJA on bridge BD 1377 at 

Pitsund   
 
The laboratory investigation comprised (as for the waterproofing mastic 

products) testing of the product itself as well as recovery of binder and binder 
analysis. As already mentioned, no original binder was available for comparison.   

The following parameters were investigated and are described in Table 5.   
• Indentation value   
• Dimensional stability   
• Creep test   
• Thermal cracking at low temperature   
• Three-point loading test   

 
 



VTI rapport 430A 43 

5.2.6.1  Indentation value   
Testing was performed according to FAS method 465-93, with a 5 cm2 test stamp 
and test temperature 40°C.   

The results for mastic asphalt and polymer mastic asphalt were 4.1 and 4.2 mm 
respectively (after 30 minutes loading).   

Indentation value was measured on test cubes cast when laying the mix on the 
bridge.   

For the mastic asphalt, the casting temperature was 212°C after a total of 2 
hours in a mastic asphalt boiler.   

For the polymer mastic asphalt, the casting temperature was 206°C after 
transport from Akalla.   

According to BRO 94 (Appendix 9–18) the indentation value for polymer 
modified mastic asphalt GJA must be within the range 2–7 mm for bridge decks 
of concrete and steel.   
 

 
5.2.6.2  Dimensional stability   
Testing was performed initially as for fine aggregate polymer modified mastic 
asphalt (with heated storage at 55°C), but owing to the cohesive effect of the 
mineral aggregate in the mastic asphalt, testing at 55°C proved not to be 
worthwhile. However, testing at higher temperatures might be expected to provide 
corresponding information.  

After development work on a modified method, the corresponding test 
temperature was determined as 80°C for the particular polymer mastic asphalt.   

No specimens from the Pitsund bridge were tested since development work 
was in progress at that time. However, the test results obtained for corresponding 
polymer modified mastic asphalt included in the fatigue tests at FMPA are 
described in Section 6.   
 
 
5.2.6.3  Creep test   
Creep test with dynamic single axle load testing on drill cores was performed at 
40°C. The pulsating load consisted of 1 second of loading and 1 second resting. 
3,600 pulses were applied in a test. The load was 100 kPa. Testing was performed 
on drill cores (with a diameter of 100 mm) from the Pitsund bridge.   

The deformation of the specimen in the loading direction and the permanent 
deformation after testing was recorded. The creep rate and dynamic creep modulus 
were calculated.   

In regard to the results for mastic asphalt and polymer mastic asphalt from the 
Pitsund bridge, it was found that the resistance of the non modified mastic asphalt 
to plastic deformation according to this method was better than that of the polymer 
modified mastic asphalt.   

For the mastic asphalt, deformation was 41,200 µε and for the polymer mastic 
asphalt almost twice this figure. The creep rate was high (compared with an 
asphalt pavement) and the creep modulus was low for both the mastic asphalt 
products.   

The drill cores of asphalt concrete had been taken from the bridge by the 
National Road Administration. All three broke during the test and therefore no 
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results could be obtained. The drill cores were damaged as a result of drilling on 
the bridge, which may explain the outcome of the creep test. (According to 
information, adhesion to the underlying base course of polymer modified mastic 
asphalt was very good). No further drill cores were taken for testing.   

Testing according to this creep loading method provides an idea of a material's 
resistance to permanent deformation and rutting under traffic loads. Testing is 
performed with the aid of MTS universal testing equipment. Although the VTI has 
several years experience of testing, this only applies to specimens of conventional 
asphalt concrete. For such specimens (ABT12/B180, ABT16/B180, ABT12/B85 
and ABT16/B85) the total permanent deformation has been found to be lower than 
18,000 µε and the dynamic creep modulus about 10 MPa.  

As already mentioned, the Institute has no experience from such tests on mastic 
asphalt products (or for polymer modified materials) and it is therefore difficult to 
determine whether the results, when seen from a "mastic asphalt perspective", are 
"good" or "poor". It should be mentioned that corresponding tests (dynamic creep 
test) specifically for mastic asphalt (both with and without polymer additive) have 
been performed at the VI in Roskilde in connection with tests for the East bridge 
across the Great Belt. These results are on the same level as those obtained at the 
VTI for the products from Pitsund, with creep of 1–10%. 
 
 
5.2.6.4  Thermal cracking at low temperatures   
Susceptibility to thermal cracking was studied in the Department of Highway 
Engineering at the Royal Institute of Technology (KTH), Stockholm. (Testing 
according to the SHRP specifications for asphalt mixes; Thermal Stress 
Restrained Specimen Test (TSRST).   

During testing, the fixed specimen (5 cm x 5 cm x 20 cm; or cylindrical, 
diameter 5 cm x 20 cm) was exposed to a temperature reduction of 10°C per hour, 
and the temperature at failure was recorded. The results provide an idea of the 
susceptibility to thermal cracking of the material at low temperatures. Cracking 
occurs due to shrinking of the specimen. 

The results of the investigation indicated that the polymer modified mastic 
asphalt at the particular thermal stress cracks at a lower temperature than the non 
modified mastic asphalt. The recorded failure temperature for the polymer 
modified mastic asphalt was approximately -35°C, while mastic asphalt 
"according to Tjörn" cracked at a temperature approximately 8°C higher (-27°C).   

Corresponding tests were also performed for the fine aggregate mastic asphalt 
products. However, problems occurred when fixing the specimens and the results 
according to KTH could not be considered reliable.   

The test was not performed for the ABS material.   
 
 
5.2.6.5  Three-point loading test   
Tests similar to those for the mastic products (see Section 5.2.4.6) were also 
performed for the two mastic asphalt products. The test temperature in this case 
was ±0°C.   

The indirect tensile strength obtained was lowest for the polymer modified 
mastic asphalt. Elongation at failure was greater and the e-modulus considerably 
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lower for the polymer modified product than for the non polymer modified 
product.   
 
5.2.7 Mastic asphalt and asphalt concrete (ABS) – binder  
Recovery of binder with determination of binder content, particle size distribution 
and analysis of recovered binder was performed in the same way as for fine 
aggregate mastic asphalt (see Section 5.2.5).   

In regard to binder content and particle size distribution, the results were in 
relatively good agreement with the information supplied by the manufacturer.   

In a comparison between recovered polymer binder (from the polymer 
modified mastic asphalt) with original bitumen Pmb 32) and recovered non 
polymer modified binder (from the conventional mastic asphalt) with original 
bitumen of Type B45 and Trinidad), it was found that the penetration was higher 
for the polymer binder (45 mm/10 compared with 26 mm/10). Softening point was 
also higher (75°C as against 62°C).   

The difference in low temperature properties is indicated by the breaking point, 
which was considerably lower for the polymer modified binder (-18°C compared 
with -6°C), and by the results obtained in BBR analysis.   

For the binder from a polymer modified mastic asphalt, the stiffness values in 
BBR analysis, both at -12°C and -18°C, were below 300 MPa, while the m-value 
was over 0.300. The same applied to the binder from the conventional mastic 
asphalt at -12°C. At -18°C, the latter binder was, however, considerably stiffer and 
the recorded stiffness value was about 500 MPa. 

In a comparison between all the binders investigated, it was found that the 
binder from the conventional mastic asphalt was stiffest and the binder from a 
polymer modified mastic asphalt least stiff. The ranking was the same at both test 
temperatures and also agreed with the corresponding ranking in regard to break 
point determination according to Fraass.   

Recorded deflection in BBR analysis (-12°C and -18°C) for all the binders 
investigated is shown in Figure 20.   

According to information received, the binders used in the ABS pavement were 
of the B180 type.   
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Table 5  Laboratory tests on coarse aggregate mastic asphalt products GJA 

and ABS from the test bridge at Pitsund 
 

Testing  GJA Pol GJA  ABS 

Indentation (mm) 
at 40°C  30 min 4.1 (4.0 4.2)  4.2 (3.9 4.5)   
 +30 min 1.1 (1.0 1.1) 0.9 (0.8 1.0)   
Dimensional stability (mm) - see section 6  - 
Dynamic creep test at 40°C 
-Strain (µε)  41200 81900  * 
-Creep rate (µε/load) 6.9 8.6  26.6 
-Resilient modulus (MPa) 2.4 1.2  * 
Three point loading at 0°C 
-Flexural strength (N/mm2) 15.5 7.2 
-Deflection (%)  1.1 3.1 
-E-modulus (MPa) 2100 700 
TSRST (°C)  -27  -35  - 
Binder content (% by weight) 7.6 8.4  5.9 
               (7.5 7.4 7.2 8.2)        (8.2 8.2 9.9 7.3)                     (5.7 5.9 5.9 5.9) 
Particle size distribution see appendix 3 see appendix 3  see appendix 3 
 
BINDER ANALYSIS for recovered binder 
Penetration (mm/10) 26 (26 25 26) 45 (45 45 46)  85 (86 85 85) 
at 25°C 
Viscosity (Ns/m2) 2184 43410  207 
at 60°C  (2194 2174) (43067 43752)                         (207 208) 
Softening point (°C) 62 (62 62) 75 (75 76)  48 (48 48) 
Fraass breaking point (°C) -6 (-5 -8 -6) -18 (-18 -20 -16)  -14 (-15 -15 -12 -12) 
Elastic recovery (%) 
at 10°C 30 min - 68 (69 68)  - 
 60 min - 76 (76 75)  - 
Iatroscan  see appendix 4 see appendix 4  - 
BBR analysis  
at -12°C 
     stiffness (MPa) 236 73 
  (240 232) (69 76) 
     m-value  0.368 0.474 
  (0.371 0.365) (0.471 0.476) 
at -18°C 
     stiffness (MPa) 528   - 
  (505 550) (190  -  ) 
     m-value  0.296   - 
  (0.307 0.284) (0.364) 

* Drill cores broke during the test. 
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BBR analysis at -12°C. Deflection 

0 

0,5 

1 

1,5 

2 

2,5 

3 

3,5 

4 

4,5 

0 50 100 150 200 250 (s) 

Mastic "Tjörn" 
Pol mastic 
GJA 
Pol GJA 

(mm) 

 

BBR analysis at -18°C. Deflection 
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Figure 20  Results from BBR analysis. Deflection at –12°C and –18°C in the 

recovered binders investigated.  
 
5.3  Follow-up inspections  
As already mentioned, the test pavements on the bridge were laid during May–
June 1993. Eight test surfaces were laid on each bascule with a waterproofing and 
paving system according to Table 3 (Section 5.1). Follow-up inspections were 
carried out in June 1994, September 1994, October 1995 and May 1997.   
 
5.3.1 Cracking   
Damage in the form of cracking was found in visual inspection of systems 1, 4 and 
6, even at the first follow-up inspection in June 1994.   

For system 1, cracks had occurred in both the test surfaces; one transverse 
crack across the whole test surface on bascule one and two cracks (transverse and 
longitudinal) across the corresponding test surface on bascule 2. The measured 
crack widths were between 0 and 4 mm. At the next two inspections in September 
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1994 and October 1995, it was found that the cracks had increased in width (to a 
maximum of 9 mm for the crack in bascule 1 and a maximum of 6 mm for the two 
cracks in bascule 2).  

For systems 4 and 6, a longitudinal crack extending over both the test surfaces 
had occurred in bascule 1, while no cracks had occurred in bascule 2. At the first 
inspection, the crack had a maximum width of 1 mm, after which this increased 
only marginally. At the second inspection, in September 1994, an additional small 
crack was found for system 4 (bascule 1) with a maximum width of 1 mm. At the 
third inspection, in October 1995, the crack was unchanged.   

At the fourth and final inspection, in May 1997, test surfaces 2, 3, 5 and 7 were 
still free of cracks on both bascules. New cracks were detected in one of the test 
surfaces 1, in test surface 6 (with earlier recorded cracking) and in one of the test 
surfaces 8.   
 
5.3.2 Adhesion  
The results from adhesion testing, which was performed in connection with the 
third inspection (10 October 1995), were high for all the systems on the bridge, i.e. 
adhesion to the underlying surface and protective layer was very good. The highest 
adhesion results were obtained for system 1.   
 
 
5.3.3 Temperature measurement   
In connection with test laying, thermistors were installed on the bottom of the 
bridge to record temperature during waterproofing and paving work (systems 1 
and 2, bascule 1). The recorded temperature did not exceed 45°C on any occasion. 

In addition, "permanent" thermistors were installed at three points on the bridge 
to record temperature beneath the waterproofing sheet in system 4 and beneath the 
waterproofing sheet and between the ABS and polymer mastic asphalt layer in 
system 5. However, the equipment was later found to have been vandalised and no 
further results could be obtained. Temperatures in connection with laying work 
were recorded separately for systems 1 and 2 on bascule 1.   

As an alternative, a number of permanent thermistors were installed on the 
bottom of the bridge in connection with the first inspection (15 June 1994) for 
corresponding temperature recording, which was performed by the National Road 
Administration. Temperatures were recorded only during July 1995. The highest 
reported temperature on the bottom of the bridge was 35.7°C.   
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Figure 21  Crack in system 1, bascule 1 (June 1994)  
 

 
Figure 22  Cracks in systems 4 and 6, bascule 1 (June 1994)   
 
 
 
5.4 Comment   
In general, it was found from laboratory tests that the polymer modified fine 
aggregate mastic asphalt product from the test bridge is less susceptible to 
deformation at higher temperatures than the reference mastic "according to Tjörn" 
and that it has better low temperature properties. Improved stability is shown by 
the indentation values obtained and dimensional stability at 20°C and 55°C 
respectively, and by the softening point result according to Wilhelmi. The 
penetration and softening point of the recovered binder provided information in 
agreement with this. The fact that the polymer modified mastic asphalt is less stiff 
at lower temperatures and less susceptible to cracking was demonstrated in falling 
weight tests according to Herrmann ("impact resistance") and three-point bending 
test at -20°C, and is shown by the breaking point results obtained and the BBR 
analysis on recovered binder. 
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The polymer modified coarse aggregate mastic asphalt has an equally tangible 
improvement in low temperature properties compared with the non polymer 
modified mastic asphalt product. This is shown by the results from testing thermal 
cracking according to TSRST and three-point bending test at 0°C, and by breaking 
point and BBR results for recovered binder. However, in regard to stability and 
resistance to plastic deformation at higher temperatures, no improvement has been 
found as a result of the polymer additive. (It should be noted that the mineral 
aggregate curve is not the same for the two coarse aggregate mastic asphalt 
products).   

In regard to cracks on the test bridge, reference is made to the drawings for the 
bridge in which the longitudinal crack in system 1 (bascule 2) and the longitudinal 
crack in system 4 and 6 (bascule 1) are located above the girder, where traffic 
crosses a cantilever. These transverse cracks in system 1 (in both bascules) 
coincide with a transverse girder. Each bascule has a total of eight transverse 
girders, of which three are beneath test surfaces 5 and 7, 2 and 4, and 1 and 6 
respectively.  

The test laying on the Pitsund bridge and related laboratory tests have earlier 
been documented in VTI notat 27-1995. A number of results have been obtained 
subsequently. The inspections on the bridge, up to and including the third 
inspection in October 1995, have earlier been documented in VTI notat 65-1995.   
 

 
Figure 23  Thermistors beneath bascule 2  
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6 Fatigue tests at FMPA   
6.1 German "Dauerschwellbiegeprüfung" 
In Germany, fatigue tests, "Dauerschwellbiegeprüfung", according to ZTV-BEL 
ST-92 are performed for the purpose of approving waterproofing systems for steel 
bridges. Initial tests on systems are carried out at the Otto Graf Institute 
(Forschungs- und Materialprüfungsanstalt, FMPA) in Stuttgart. Approved results 
are decisive for determining whether or not a system should be considered for 
further investigation. 

At a meeting with experts from the German Institute in May 1994, a discussion 
was held concerning waterproofing and paving systems for steel bridges with the 
emphasis on fatigue tests at low temperatures. Among the experts was Dr W 
Harre, who is also responsible for the present equipment and approval tests for 
waterproofing systems for steel bridges in Germany.  

During the meeting, Dr Harre stated that the testing equipment had been 
developed during the sixties and that it had also been used in development of the 
Danish pulsator equipment (see Section 2.3). However, German and Danish 
methods differ on a number of points. The deflection of the steel plate (without 
pavement) in the German equipment is 0.5 mm, corresponding to 1/600 for the 
actual steel structure and means a loading on the test plate of 2.4–2.5 tonnes. 
However, a criterion of 1/300 is used for steel structures in Germany, and this 
value also came to be applied initially in laboratory tests. It was then found that no 
system withstood the test in the laboratory (but evidently on the bridge) with this 
large deflection, and the parameter was therefore changed to 1/600 in the German 
test procedure.   

Testing is performed at a frequency of 2 Hz, corresponding to traffic with a 
speed of 50–60 km/h. A normal test comprises 1 million load cycles, which 
occupies one week.   

Initially, the German method related to fatigue testing at low temperature, but 
subsequently it has often been performed only at room temperature, since it was 
found that the test was then most severe for the system. However, testing at -20°C 
is always performed as a complement for new types of system, according to Dr 
Harre.   

In regard to waterproofing systems with polymer bitumen sheets, initial tests 
have been performed with both SBS and APP modified products before this type 
of system was approved for steel bridges and introduced into the latest German 
standards at that time, ZTV-BEL ST-92. Systems with SBS bitumen sheets B3A 
SA 250 and APP modified sheet, Ergobit, have been approved 
"Reaktionsharz/Bitumen-Dichtungsschicht" for steel bridges in Germany.  

At the time of the meeting, about 30–40 systems had been tested at the FMPA 
in Stuttgart. Dr Harre considered that systems with polymer bitumen sheets had 
proved satisfactory when tested in the equipment. However, he considered that 
testing should also be performed at –20°C as a complement to testing at room 
temperature in the special case of the High Coast bridge.   
 
 



52 VTI rapport 430A 

 
 

Figure 24  Fatigue test ("Dauerschwellbiegeprüfung") according to German 
standards for steel bridges, ZTV-BEL ST-92 

 
 
6.1.1  Comparison with Danish pulsator test   
The decisive difference between Danish and German test methods consists of the 
way in which the test plate is loaded during testing.   

According to the German method, the steel plate is loaded so that a certain 
deflection is obtained. The specimen is thus not secured in the equipment. If 
failure occurs, this will be against the steel plate or between the waterproofing 
layers.  

According to the Danish method, the specimen is loaded via stamps pressing 
against its top surface (pavement). The loading is intended to simulate the pressure 
occurring in the pavement on an orthotropic steel plate when a lorry with twin 
wheels, one on each side of a longitudinal support, drives over the bridge. The 
specimen is secured in the equipment. Failure occurs against the bottom surface or 
in the form of cracks in the pavement. In the latter case, this is normally beneath 
one of the loading plates. Testing at temperatures above 0°C is less appropriate in 
the Danish equipment since the pavement becomes increasingly deformed in the 
equipment at higher temperatures. However, the specimen is secured in the 
equipment at room temperature. The risk of a failure occurring when securing a 
specimen is otherwise very high, since the specimen bends downward to a certain 
degree during cooling.  
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According to expertise at the FMPA, fatigue testing of this type should be 
performed according to the German principle, with loading of the steel plate, and 
not by loading the specimen itself when secured in the equipment. The reason for 
this is stated to be the risk of deformation in the pavement beneath the loading 
plates and in connection with securing the specimen. A testing principle in 
agreement with the Danish method was used in Germany during the sixties, 
according to information from Dr Harre, but was later abandoned.   

The visit and discussions with FMPA have been documented in VTI notat 48-
1994.   
 

 
Figure 25  Danish pulsator test   
 
 
6.2  Testing the waterproofing and paving system for the 

High Coast bridge  
The waterproofing and paving project for the High Coast bridge included fatigue 
tests at FMPA on a number of possible systems.  

In September 1994, FMPA was commissioned by the National Road 
Administration, Bridge Engineering Department, to perform fatigue tests 
according to TP-BEL-ST on five different waterproofing and paving systems. The 
tests were carried out during 1995 and a final report was produced before the end 
of the year.   

The fatigue tests for the High Coast bridge were performed at temperatures of 
20°C, -30°C and 30°C. Loading with double deflection was also to be included if 
the system withstood testing at the respective temperature and deflection 
according to German standard procedure without showing signs of damage. 
 
 
6.2.1  Products and systems   
All materials (primer, sand, waterproofing sheet, fine aggregate mastic asphalt 
products, coarse aggregate mastic asphalt products and asphalt concrete materials 
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(mineral aggregate, polymer bitumen and fibre additive)) were sent to FMPA by 
the manufacturer or via the VTI with detailed instructions on application and 
execution. The instructions were drawn up at the VTI in collaboration with 
manufacturers and the project manager at the National Road Administration.   

In addition, all materials were sent to the VTI for comparative testing (see also 
Section 6.3) and storage (if further tests were considered necessary). Apart from 
the respective materials, the VTI received information on formulas and material 
properties. Where requested, original binder was also supplied for the various 
products.   

Personnel from NCC took part on site (at FMPA) during mixing and 
application of the polymer modified asphalt concrete product.   

As mentioned, the products sent to FMPA were included in fatigue testing 
according to the agreed programme in a total of five different waterproofing and 
paving systems. The polymer modified products and systems are shown in Table 
6. The systems are designated 1, 4, 5, 6 and 7 according to corresponding 
designations on the Pitsund bridge. System 1 is the non polymer modified 
reference system "according to Tjörn" with Sadofoss, fine aggregate mastic 
asphalt and coarse aggregate mastic asphalt.   

System 5 was also tested in a pulsator at the VI in Roskilde for comparative 
purposes (cf Section 6.1.1).   
 

 
6.2.2  Results from fatigue tests   
According to the test report from FMPA, system 1 was considered unsuitable ("als 
ungeeignet auszuschliessen"), while the other four systems (4, 5, 6 and 7) 
generally produced a good impression ("haben in den Versuchen generell einen 
guten Eindruck hinterlassen").   

Four test plates were manufactured for each system. Two of the plates were 
tested initially at 20°C. If a positive result was obtained, i.e. both test plates 
withstood testing without damage, the two remaining plates were tested at –30°C. 
After testing with positive results, the load was doubled and the test plates were 
subjected to a further 1 million cycles. If this fatigue testing also caused no 
damage to the system, one of the test plates was tested also at 30°C and twice the 
load.   

System 1 was tested initially at 20°C, whereupon the waterproofing layer began 
to detach after 200,000-300,000 cycles. Testing was then terminated after about 
500,000 cycles (for both the plates). No further tests were performed owing to 
negative results at 20°C.  

System 4 was tested at the three specified temperatures (20°C, -30°C and 
30°C). All specimens withstood fatigue testing without damage. The test plates 
also withstood testing with twice the load at -30°C and 30°C.   

System 5 was tested at the three specified temperatures as above. Tests at 20°C 
and -30°C respectively (and normal load) gave a positive result and no damage 
was observed. When testing continued at -30°C (on the same two plates) but with 
twice the load, adhesion losses began to occur between the sheet and polymer 
modified mastic asphalt on one of the test plates (after about 10,000 load cycles). 
This may have been due to unsatisfactory application of the sheet. On the second 
plate, no damage occurred during corresponding testing, and the plate was 
therefore submitted to further testing at 30°C and twice the load. During this test, 
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cracks occurred in the wearing course of asphalt concrete (after about 160,000 
load cycles), and after about 180,000 load cycles, the asphalt concrete was cracked 
all the way through and the test was terminated. The crack occurred over the 
central support and on both sides of it.   

During tests in the Danish pulsator, the number of loadings to failure according 
to the Danish test report and assessment was very low in all temperatures 
investigated (0°C, -10°C and -20°C) compared with "traditional" Danish a non 
polymer modified steel bridge pavement. According to the report, the first failure 
occurred under the central support, after which vertical cracks occurred in the 
wearing course beneath the loading stamps. The deflection in the bottom of the 
pavement was approximately twice as great as for a "traditional" Danish steel 
bridge pavement, according to the Danish report, and was considered to be the 
reason why the failure occurred so rapidly in the basement. The Danish report 
finally states that the Swedish system investigated displayed a completely different 
damage picture in decisive respects compared with earlier systems investigated in 
the Danish pulsator, and thus no conclusions regarding the expected practical 
performance of the system could be drawn.   

System 6 was tested at 20°C and -30°C. All specimens withstood the fatigue 
test without damage. Also testing with twice the load at -30°C was performed 
without damage. Testing at 30°C was not performed since this test had not been 
included in the original order to FMPA but had been added to the testing 
programme subsequently. No test plate with system 6 then remained since it was 
necessary to use the steel plates in preparation and testing of a number of systems 
for the German market.   

System 7 was tested at all three temperatures. The tests at 20°C and -30°C 
respectively (also with twice the load) gave positive results. During further tests, 
at 30°C and twice the load, cracks occurred in the wearing course of asphalt 
concrete after about 200,000 load cycles (as for system 5). At this temperature and 
severe deflection, the wearing course is subject to greatly reduced stiffness and 
ability to withstand further loading (owing to cracking) and testing was therefore 
terminated.   
 

 
Figure 26  Fatigue test on system 5 at –30°C and twice the load   
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Table 6  Waterproofing and paving system for fatigue test at FMPA 
 

 GJA 11”Tjörn” 35 mm 

 GJA 8 ”Tjörn” 21 mm SYSTEM 1
 Mastic ”Tjörn” 4 mm 
 Sadofoss 300 g/m² 
 Steel  
 

 pol.GJA (PGJA 11) 35 mm 

 pol.GJA (PGJA 8) 21 mm SYSTEM 4
 Sheet 3.5 mm 
 Epoxy 500 µ (600 g/m²) 

 Epoxy primer 100 µ (100 g/m²) 
 Steel  
 

 pol.ABS 35 mm  

 pol.GJA (PGJA 8) 21 mm SYSTEM 5 
 Sheet 3.5 mm  

 Epoxy 500 µ (600 g/m²)  

 Epoxy primer 100 µ (100 g/m²)  

 Steel   
 

 pol.GJA (PGJA 11) 35 mm  

 pol.GJA (PGJA 8) 21 mm SYSTEM 6 
 pol.mastic 4 mm  
 Sadofoss 300 g/m²  
 Epoxy 500 µ (600 g/m²)  

 Epoxy primer 100 µ (100 g/m²)  
 Steel   
 

 pol.ABS 35 mm  

 pol.GJA (PGJA 8) 21 mm SYSTEM 7 
 pol.mastic 4 mm  
 Sadofoss 300 g/m²  
 Epoxy 500 µ (600 g/m²)  

 Epoxy primer 100 µ (100 g/m²)  
 Steel   
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6.3  Follow-up laboratory tests at VTI   
In connection with the tests at FMPA (and complementary testing at VI in 
Roskilde on one of the systems) a study was also made of the materials at the VTI. 
The aim of the VTI investigation was to analyse material received from the 
manufacturers (Binab, Nynäs and NCC) and to compare the results obtained with 
corresponding results for material returned to the VTI after heating in connection 
with specimen preparation for fatigue testing at FMPA. Heating during 
manufacture of specimens (with waterproofing, base course and wearing course 
on a primer coated steel surface) must not have a significant influence on the 
material properties of the respective products.  

This section describes the results obtained in the VTI laboratory tests regarding 
the original binders, reference specimens from the above mentioned manufacturers 
and specimens from FMPA and VI.   

The products are also briefly compared with the corresponding products and 
test pavements laid on the Pitsund bridge (cf Section 5).   

The laboratory investigation has earlier been documented in VTI notat 7-1996. 
For more detailed comparisons, see this notat.   
 
 
6.3.1 Laboratory tests and test results   
Testing was performed in accordance with the agreed testing programme during 
the period September 1995–January 1996. The following tests were carried out 
and are reported in Tables 7–11 In this section.   
• Indentation value according to FAS method 447-95 (at 20°C)   
• Indentation value according to FAS method 465-95 (at 40°C)   
• Dimensional stability according to BRO 94 (24 hours at 55°C)   
• Dimensional stability according to BRO 94 (24 hours at 80°C)  
• Binder analysis according to VÄG 94 with regard to: 

- penetration (at 25°C and 40°C respectively), according to FAS method 
337-91 

- softening point Ring & Ball, according to FAS method 338-95   
- breaking point Fraass, according to IP 80   
- elastic recovery at 10°C, according to VI, P2. 105 (1993)   

• GPC analysis (Gel Permeation Chromatography), i.e. chemical analysis with 
regard to molecular weight distribution   

 
 
6.3.1.1  Mastic "according to Tjörn"   
The following information was obtained from the manufacturer regarding formula 
and properties of the particular fine aggregate mastic asphalt product:   
• Binder: B 85  
• Binder content: 16.5% by weight   
• Filler: <0.075: 82% by weight; <0.125: 94% by weight   
• Indentation value (according to FAS method 447): 83–93 seconds   
 

The indentation value for the reference mastic product (cube cast in connection 
with manufacture) was determined as 59 seconds. For mastic specimens from 
FMPA, the indentation value was 127 seconds. The material had then been heated 
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twice as much as the corresponding reference mastic, resulting in a certain 
hardening of the mastic product.   

The analysis values obtained for penetration, softening point and breaking point 
of recovered binder from a reference mastic product were 59 mm/10, 51°C and 
-14°C respectively. No major differences were found between recovered binder 
from reference specimens and recovered binder from FMPA specimens. 
Recovered binder was also analysed chemically with the aid of GPC. From the 
results obtained and GPC diagrams, it was found that heating in connection with 
fatigue testing at FMPA had not had any notable influence on the binder. 

Specimens of original binder B 85 were also analysed for further inspection.   
 
Comment 
The mastic asphalt product in this investigation, mastic "according to Tjörn", 
agreed in regard to formula, indentation value and analysed binder properties with 
corresponding mastic asphalt laid on bridge BD 1377 at Pitsund. It also agreed 
well in regard to formula with the mastic asphalt product laid on the Tjörn bridge. 
(However, according to analyses of recovered binder, the binder in the latter 
product was softer than that in the other two products).   

Heating in connection with fatigue testing at FMPA had not led to any major 
changes for the product and/or the binder used in it.   
 
 
6.3.1.2  Mastic polymer   
The following information was obtained from the manufacturer concerning 
formula and properties for the particular polymer modified fine aggregate mastic 
asphalt product:   
• Binder: Pmb 32   
• Binder content: 18.5% by weight 
• Filler: <0.075: 81.5% by weight; <0.125: 94% by weight   
• Indentation value (according to FAS method 447): 63–71 seconds   
 

The indentation value was very high, i.e. considerably higher than had been 
stated by the manufacturer (see above). For reference cubes, values of 264–381 
seconds were obtained. For specimens from reference blocks, the indentation 
value was even higher (up to 612 seconds). For mastic asphalt specimens from 
FMPA, the indentation values were 460 and 330 seconds respectively. The 
material had then been heated twice as much as the corresponding reference 
product.   

In the dimensional stability test, the difference for a reference cube was 3 mm 
and for specimens from FMPA up to 5 mm.  

The analysis results obtained for recovered binder from reference specimens 
appeared satisfactory with regard to penetration, softening point, breaking point 
and elastic recovery (77%). For specimens from FMPA, the analysis values were 
generally the same as for the reference specimen. Both penetration and softening 
point had increased somewhat as a result of the extra heating at FMPA, but neither 
breaking point nor elastic recovery had changed very much.  

Also chemical analysis using GPC was performed on recovered binder. The 
diagrams obtained showed that heating in connection with fatigue testing at 
FMPA had not led to any notable effect on the binder.   
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Specimens of original polymer modified binder Pmb 32, taken in connection 
with manufacture of the particular mastic asphalt product, were also analysed for 
further inspection. 
 
Comment  
The particular polymer modified fine aggregate mastic asphalt product showed a 
considerably higher indentation value than the corresponding product on the 
Pitsund bridge.   

However, acceptable results were obtained for the polymer binder (recovered). 
Recovered binder from specimens from FMPA showed no major changes as a 
result of heating in connection with fatigue testing.   

The reason for the extremely high indentation value could not be clarified, but 
may be connected with manufacturing errors. The influence of binder content on 
the indentation value is very great at contents of about 18% by weight.   
 
Table 7  Indentation value and dimensional stability for the fine aggregate 

mastic asphalt products investigated.   
Test specimen VTI-nr Indentation  

20°C 
(s) 

Comment Dimensional 
stability 

24 h 55°C 
(mm) 

Mastic Tjörn     
Reference 94-298-1 59 

(58  59) 
Test cube from production  

System 1 O-G 95-252-1:1 127 
(124  129) 

Test cube cast at VTI of  
material from Otto Graf inst. 

 

Mastic polymer     
Reference 
 

94-298-3 264 
(272  256) 

Test cube from production 3 
(100 - 97) 

Reference 
 

  377 
(377  377) 

Test cube from production  

Reference 
 

  381 
(394  368) 

Test cube from production  

Cast from cube 
Temp. 184°C 

  354 
(332  376) 

Test cube cast (VTI)  
from production 

 

Cast from block 
Temp. 184°C 

  568 
(562  573) 

Test cube cast from block  
(VTI) from production 

 

Cast from block 
Temp. 205°C 

  612 
(579  644) 

Test cube cast from block 
(VTI) from production 

 

System 6 O-G 95-252-4:1 460 
(437  483) 

Test cube cast at VTI of material 
from Otto Graf Inst. 

4 
(103 - 99) 

System 7 O-G 95-252-5:1 330 
(321  338) 

Test cube cast at VTI of material 
from Otto Graf Inst.. 

5 
(104 - 99) 
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6.3.1.3  GJA 8 "according to Tjörn"   
The following information was obtained from the manufacturer concerning 
formula and properties of the particular coarse aggregate mastic asphalt product:  
• Binder: B 45 + Trinidad Epuré (3.3% by weight)  
• Binder content: 8.3% by weight  
• Mineral aggregate: <0.075: 26% by weight; <2.0: 56% by weight; <4.0: 70% 

by weight; <5.6: 84% by weight   
• Indentation value (according to FAS method 465): 2.6–3.5 mm   
 

The indentation value for the reference mastic asphalt product (cube cast in 
connection with manufacture) was 4.7 mm. The indentation value for mastic 
asphalt specimens from FMPA was somewhat lower, 4.3 mm. The material had 
been heated twice as much as the corresponding original mastic asphalt.   

The analysis results with regard to penetration, softening point and breaking 
point for recovered binder from the reference specimen were 17 mm/10, 66°C and 
-8°C respectively. For recovered binder from mastic asphalt specimens from 
FMPA, penetration was the same, softening point somewhat higher and breaking 
point considerably higher (±0°C).   

Also chemical analysis with GPC was performed on recovered binder. The fact 
that the binder had oxidised somewhat as a result of heating in connection with 
fatigue testing at FMPA was observed from the results and from the GPC diagram 
obtained.   

No original binder (B 45 and Trinidad Epuré) was obtained from the 
manufacturer and thus no results for original binder are available for GJA 8 
"according to Tjörn".   
 
Comment  
The particular coarse aggregate mastic asphalt product, GJA 8 "according to 
Tjörn", did not agree fully with corresponding products on the Tjörn bridge and 
the Pitsund bridge respectively. The content of Trinidad Epuré was higher (3.3 
compared with 2.25 and 1.7% by weight respectively).   

Recovered binder from specimens from FMPA showed certain changes as a 
result of heating in connection with fatigue testing. The greatest change was in 
breaking point, from -8°C to ±0°C. However, the indentation value had not 
changed notably (from 4.7 to 4.3 mm).   
 
 
6.3.1.4  GJA 11 "according to Tjörn"   
The following information was obtained from the manufacturer concerning 
formula and properties of the particular coarse aggregate mastic asphalt product:   
• Binder: B 45 + Trinidad Epuré (2.5%)  
• Binder content: 7.3%  
• Mineral aggregate: <0.075: 25% by weight; <2.0: 50% by weight; <4.0: 60% 

by weight; <8.0: 73% by weight   
• Indentation value (according to FAS method 465): 2.5–3.2 mm   
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The indentation value for the reference mastic asphalt product (cube cast in 
connection with manufacture) was 3.1 mm. The indentation value for mastic 
asphalt specimens from FMPA was lower, 1.6 mm. The material had been heated 
twice as much as the corresponding reference mastic asphalt.   

The analysis results with regard to penetration, softening point and breaking 
point for recovered binder from the reference specimen were 14 mm/10, 71°C and 
-5°C respectively. For recovered binder from corresponding specimens from 
FMPA, penetration was somewhat higher (18 mm/10), as were softening point 
(74°C) and breaking point (3°C).   

Also chemical analysis with GPC was performed on recovered binder. The fact 
that the binder had oxidised somewhat as a result of heating in connection with 
fatigue testing at FMPA was observed from the results and from the GPC diagram 
obtained. The binder in GJA 11 "according to Tjörn" had changed somewhat more 
than the binder in GJA "according to Tjörn).  

No original binder (B 45 and Trinidad Epuré) was obtained from the 
manufacturer and thus no results for original binder are available for GJA 11 
"according to Tjörn".   
 
Comment  
The particular coarse aggregate mastic asphalt product, GJA 11 "according to 
Tjörn", did not agree fully with the corresponding product on the Tjörn bridge. 
The content of Trinidad Epuré was higher (2.5 compared with 1.7% by weight 
respectively).   

Recovered binder from specimens from FMPA showed certain changes as a 
result of heating in connection with fatigue testing. The greatest change was in 
breaking point, from -5°C to 3°C. The indentation value for the returned specimen 
had changed from 3.1 to 1.6 mm).   
 
 
6.3.1.5  GJA 8 polymer 
The following information was obtained from the manufacturer concerning 
formula and properties of the particular polymer modified coarse aggregate mastic 
asphalt product:   
• Binder: Pmb 32 
• Binder content: 8.1% by weight   
• Mineral aggregate: <0.075: 26% by weight; <2.0: 56% by weight; <4.0: 70% 

by weight; <5.6: 84% by weight   
• Indentation value (according to FAS method 465): 3.9–5.0 mm   
 

The indentation value for the reference product (cube cast in connection with 
manufacture) was 3.2 mm. The value for polymer modified mastic asphalt 
specimens from FMPA was somewhat lower (2.3–2.7 mm). For corresponding 
specimens from VI, the indentation value was almost unchanged (3.1 mm). In 
both cases, the returned material had been heated twice as much as the 
corresponding reference product.   

In the dimensional stability test (24 hours at 80°C), the difference for the 
reference cube was 3 mm, the same as for specimens from VI. For specimens from 
FMPA, the difference was found to be 2–4 mm. 
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The analysis results with regard to penetration (at 40°C), softening point and 
breaking point for recovered binder from the reference product were 61 mm/10, 
82°C and -16°C respectively. For corresponding specimens (a total of four) from 
FMPA, penetration was 58–102 mm/10, softening point 74–85°C and breaking 
point between -8°C and -15°C. Corresponding values for specimens from VI were 
58 mm/10, 83°C and -14°C. 

Tests on elastic recovery (at 10°C with elongation of the specimen to 20 cm) 
were also performed. Since the specimen failed (after 3–13 cm) in every case, no 
relevant results could be obtained.  

In a comparison with recovered binder from the corresponding fine aggregate 
mastic asphalt (with the same polymer binder, Pmb 32), it was found that this had 
higher penetration, lower softening point and lower breaking point, in addition to 
measurable elastic recovery (cf section on mastic polymer above). 

Also chemical analysis with GPC was performed on recovered binder. Here, 
differences were found between the binders in the various polymer modified 
products. The molecular weight distribution for recovered binder from GJA 8 
polymer differed significantly from that for the binder in GJA 11 polymer. 

Specimens of original polymer binder Pmb 32, taken in connection with 
manufacture of the particular polymer mastic asphalt product, were also analysed 
for further inspection. 

BBR analysis indicated that the Pmb 32 used in manufacture of the GJA 8 
polymer (and also the Pmb 32 used in manufacture of the GJA 11 polymer) was 
somewhat stiffer and less elastic than the Pmb 32 used in manufacture of the 
corresponding polymer modified fine aggregate mastic asphalt. 
 
Comment 
The particular polymer mastic asphalt product, GJA 8, did not agree fully with the 
corresponding product on bridge BD 1377. The indentation value was lower and 
the binder less elastic. 

Recovered binder from specimens returned from FMPA and VI respectively 
showed no major changes as a result of heating in connection with fatigue testing.  

The polymer peak (in GPC analysis) was less prominent for the binder in the 
GJA 8 polymer than for binders in the other polymer modified products. 
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Figure 27  GPC chromatogram for original and recovered polymer binder  
(Pmb 32) from mastic asphalt (GJA 8 polymer) 

 
6.3.1.6  GJA 11 polymer 
The following information was obtained from the manufacturer concerning 
formula and properties of the particular polymer modified coarse aggregate mastic 
asphalt product:   
• Binder: Pmb 32 
• Binder content: 8.1% by weight  
• Mineral aggregate: <0.075: 25% by weight; <2.0: 50% by weight; <4.0: 60% 

by weight; <8.0: 73% by weight  
• Indentation value (according to FAS method 465): 3.3–3.8 mm  
 

The indentation value for the reference product (cube cast in connection with 
manufacture) was 4.4 mm. The values for corresponding specimens from FMPA 
were on the same level (3.5 and 4.4 mm). 
 In the dimensional stability test (24 hours at 80°C), the difference for the 
reference cube was 2 mm and for the specimens from FMPA 5–7 mm. 

The analysis results with regard to penetration (at 40°C), softening point and 
breaking point for recovered binder from the reference product were 131 mm/10, 
74°C and -20°C respectively. Elastic recovery (at 10°C) was 75%. For 
corresponding specimens from FMPA, penetration was about 10 units lower, 
softening point the same and breaking point 3–4 units higher. As with GJA 8 
polymer, elastic recovery could not be measured. (The specimen was elongated to 
15–18 cm, but then failed). 

Also chemical analysis with GPC was performed on recovered binder.  
Specimens of original polymer binder Pmb 32, taken in connection with 

manufacture of the particular polymer mastic asphalt product, were also analysed 
for further inspection. 

BBR analysis indicated that the Pmb 32 used in manufacture of the GJA 11 
polymer (and also the Pmb 32 used in manufacture of the GJA 8 polymer) was 
somewhat stiffer and less elastic than the Pmb 32 used in manufacture of the 
corresponding polymer mastic asphalt. 
 
Comment 
The particular polymer modified coarse aggregate mastic asphalt product, GJA 11 
polymer, was not laid on the Pitsund bridge. (GJA 8 polymer was laid both as 
binder course and wearing course). 

Recovered binder from specimens from FMPA showed no major changes as a 
result of heating in connection with fatigue testing.  
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Table 8 Indentation value and dimensional stability for the coarse aggregate 

mastic asphalt products investigated  
Test specimen VTI-nr Indentation  

(mm) 
40°C  

Comment Dimensional 
stability 

(mm) 
  30 min +30 min  24 h 80°C 
GJA 8 Tjörn      
Reference 94-298-5 4.7 

(4.87  4.50) 
1.1 Test cube from production  

System 1 O-G 
 

95-252-1:2 4.3 
(3.79  4.73) 

0.8 Test cube cast at VTI of 
material from Otto Graf Inst 

 

GJA 11 Tjörn      
Reference 94-298-7 3.1 

(3.58  2.70) 
0.6 Test cube from production  

System 1 O-G 
 

95-252-1:3 1.6 
(1.49 1.70) 

0.4 
 

Test cube cast at VTI of 
material from Otto Graf Inst 

 

  1.7 * 
(1.68 1.69) 

0.4*   

GJA 8 polymer      
Reference 94-298-9 3.2 

(2.90  3.41) 
0.6 Test cube from production 3 

(101 - 98) 
System 4 O-G 
 

95-252-2:1 2.6 
(2.57  2.61) 

0.7 Test cube cast at VTI of 
material from Otto Graf Inst 

3 
(102 -99) 

System 5 O-G 
 

95-252-3:1 2.3 
(2.37  2.16) 

0.6  
— ” — 

3 
(101 - 98) 

System 6 O-G 
 

95-252-4:2 2.7 
(2.72  2.74) 

0.7  
— ” — 

4 
(102 - 98) 

System 7 O-G 
 

95-252-5:2 2.3 
(2.30  2.32) 

0.5  
— ” — 

2 
(100 - 98) 

System 5 V-I 95-53 3.1 
(3.47  2.70) 

0.6 Test cube from VI 3 
(101 - 98) 

GJA 11 polymer      
Reference 94-298-11 4.4 

(4.99  3.88) 
0.7 Test cube from production 2 

(99 - 97) 
System 4 O-G 
 

95-252-2:2 3.5 
(3.63  3.40) 

0.7 Test cube cast at VTI of 
material from Otto Graf Inst 

5 
(104 - 99)  

System 6 O-G 
 

95-252-4:3 4.4 
(4.39  4.47) 

0.9  
— ” — 

7 
(105 - 98) 
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6.3.1.7  ABS 
The following information regarding the ABS product was obtained from the 
manufacturer:   
• Binder: Pmb 20 (penetration at 25°C: 100–120 mm/10; softening point: 80°C; 

viscosity at 180°C: 250 mm2/s; elastic recovery at 25°C: 95%). The product 
was manufactured under the supervision of the manufacturer in connection 
with the tests at FMPA. The constituents were sent to the VTI as reference 
specimens. For the specimens returned from FMPA, recovered binder was 
compared with original binder.   
 
The analysis results obtained for penetration (at 40°C), softening point and 

breaking point for original binder (not recovered) were 217 mm/10, 84°C and 
-25°C respectively. Elastic recovery (at 10°C) was 98%.   

For corresponding specimens from FMPA and VI respectively, penetration for 
recovered binder was approximately the same (± approximately 10 units), 
softening point lower (3–11 units), breaking point somewhat higher and elastic 
recovery still approximately 90%.   

Also chemical analysis with GPC was performed for original and recovered 
binder. The diagrams obtained showed that the polymer binder had changed only 
to a very limited degree as a result of heating in connection with fatigue test.   

Low temperature properties of original binder were determined with BBR 
analysis at –18°C and –24°C. The results indicated that the polymer binder (Pmb 
20) in the particular ABS was considerably more flexible than the polymer binder 
(Pmb 32) used in the corresponding polymer modified mastic asphalt products.  
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Table 9  Binder analyses for original and recovered binders in the mastic 

asphalt products and ABS investigated 
Test specimen VTI-nr Penetration 

at 25°C 
 

(mm/10) 

Penetration 
at 40°C 

 
(mm/10) 

Softening 
point 

 
(°C) 

Fraass 
breaking 

point 
(°C) 

Elastic 
recovery 
at 10°C 

(%) 
Mastic   Tjörn       
Reference 94-298-1 59 266 51 -14  
System 1 O-G 95-252-1:1 66  50 -10  
Mastic   polymer       
Reference PMB32 94-298-4  180 70 -16 77 
Reference 94-298-3  152 71 -15 77 
System 6 O-G 95-252-4:1  169 67 -17 75 
System 7 O-G 95-252-5:1  167 70 -16 78 
GJA 8 Tjörn       
Reference 94-298-5 17 72 66 -8  
System 1 O-G 95-252-1:2 17  69 ±0  
GJA 11 Tjörn       
Reference 94-298-7 14 52 70.5 -5  
System 1 O-G 95-252-1:3 18  74 +3  
GJA 8 polymer       
Reference PMB32 94-298-10  182 65 -16 79 
Reference 94-298-9  61 81.5 -16 (1.5 cm) 
System 4 O-G 95-252-2:1  58 85 -8 (1.5 cm) 
System 5 O-G 95-252-3:1  63 83 -10 (4.5 cm) 
System 6 O-G 95-252-4:2  102 74 -15 (8 cm) 
System 7 O-G 95-252-5:2  96 76 -15 (12.5 cm) 
System 5 V-I 95-53  58 83 -14 (4.5 cm) 
GJA 11 polymer       
Reference PMB32 94-298-12  177 65 -15 79 
Reference 94-298-11  131 74 -20 75 
System 4 O-G 95-252-2:2  118 75 -17 (15 cm) 
System 6 O-G 95-252-4:3  119 75 -16 (18 cm) 
ABS       
Reference PMB20 95-9 109 217 83.5 -25 98 
System 5 O-G 95-252-3:2  210 81 -21 93 
System 7 O-G 95-252-5:3  226 70.5 -21 91 
System 5 V-I 95-54  228 73 -24 86 

 
Comment  
No type of ABS product corresponding to this investigation was laid on the 
Pitsund bridge. (ABS without polymer was laid as wearing course).   

Recovered binder from specimens returned from FMPA and VI showed no 
major changes as a result of heating in connection with fatigue test.   
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Table 10  BBR low temperature test at -18°C for investigated products. Original 
binder B 85, Pmb32 and Pmb 20  

Sample VTI nr Stiffness, S 
(MPa) 

m-value 
 

Mastic Tjörn, B 85 

94-298-2 

291 

(280 300; 307 278) 

0.368 

(0.369 0.372; 0.374 0.356) 

Mastic polymer, PMB 32 

94-298-4 

213 

(226 223; 204 197) 

0.376 

0.366 0.368; 0.383 0.385 

GJA 8 polymer, PMB 32 

94-298-10 

243 
(245 253; 245 ; 238 234) 

0.360 
(0.345 0.346; 0.356; 0.398 0.354) 

GJA 11 polymer, PMB 32 

94-298-12 

246 

(262 242; 255 239; 234) 

0.361 

(0.360 0.349; 0.386 0.366; 0.344) 

ABS, PMB 20 

95-9-1 

112 
(103 121) 

0.556 
(0.491 0.620) 

 
 
 
Table 11  BBR low temperature test at -24°C for investigated products. Original 

binder B 85, Pmb32 and Pmb 20   
Sample VTI nr Stiffness, S 

(MPa) 
m-value 

 

Mastic Tjörn, B 85 

94-298-2 

786 
(778 794) 

0.253 
(0.259 0.247) 

Mastic polymer, PMB 32 

94-298-4 

490 
(517 495; 508 439) 

0.278 
(0.279 0.262; 0.284 0.285) 

GJA 8 polymer, PMB 32 

94-298-10 

533 
(543 544; 504 540) 

0.267 
(0.262 0.271; 0.266 0.270) 

GJA 11 polymer, PMB 32 

94-298-12 

540 
(537; 502 580) 

0.273 
(0.272; 0.275 0.273) 

ABS, PMB 20 

95-9-1 

204 
(174 234) 

0.336 
(0.334 0.337) 
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7  Purchasing and laying the waterproofing and 
paving system for the High Coast bridge   

Purchasing of waterproofing and paving for the High Coast bridge was based on 
BRO 94 with certain amendments and additions. The starting point for purchasing 
was a memorandum from the National Road Administration issued in spring 
1996.   

The document specified four alternative waterproofing and pavement systems, 
corresponding to systems 4, 5, 6 and 7 on the Pitsund bridge (Section 5) and in the 
German fatigue tests (Section 6). The four alternatives had been chosen by the 
National Road Administration as a result of the laboratory and field investigations 
described earlier.   

The Memorandum listed material requirements and requirements on 
preliminary investigations, system tests (FMPA), execution of the work and 
quality and heat stability control testing.   

The commission for providing the waterproofing and pavement system was 
awarded to Skanska in July 1996. The system for the High Coast bridge 
conformed with system 5, i.e. anti-corrosion primer of epoxy, a further layer of 
epoxy with sanding, 3.5 mm SBS modified bitumen sheet layer, binder course of 
polymer modified mastic asphalt and wearing course of polymer modified stone 
mastic asphalt with fibres.  

The waterproofing and paving work was carried out during summer and 
autumn 1997. The wearing course was laid in October and the bridge was 
officially opened on 1 December the same year.   

The waterproofing work, with epoxy treatment and welding of the sheet, was 
carried out by Binab. The products used were Beta R epoxy primer, Beta R epoxy 
(both from Rescon), and Beta SBM waterproofing sheet from Trebolit. The bridge 
deck was first blasted to class SA 2.5 using grit and steel ball robot blast 
equipment (instead of manually operated grit blasting). Instead of 250 tonnes of 
waste (classified as environmentally hazardous) the process produced only 10 
tonnes, which was especially satisfactory from the environmental aspect. Weather 
protection was used where necessary during blasting, primer treatment and 
welding.   
 

 
Figure 28  The bridge deck was blasted using grit and steel ball robot blast 

equipment 
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The epoxy primer was laid 100–150 µm thick. The next layer of epoxy was laid 

500–700 µm thick and sanded. The sheet, which was torch-welded to the sanded 
epoxy, was considered by the contractors to be very easily welded in the 
advantageous weather conditions. It was often possible to perform the work 
outdoors (without weather protection). No blistering occurred. (Blistering is 
otherwise a problem that can arise when waterproofing concrete bridges, but is not 
expected on steel surfaces).   

The binder course and base course of polymer modified mastic asphalt 
(PGJA 8), with polymer binder Pmb 32 from Nynäs, was laid by Skanska 
Gjutasphalt Stockholm in collaboration with DAB. An advanced "mobile" method 
of manufacturing the mastic asphalt was used. The polymer modified mastic 
asphalt was manufactured as a 3/4 finished product at Skanska's asphalt plant 
north of Kramfors, and was  mixed ready for use in a transportable mixer. During 
a period of seven weeks, a total of 1,760 tons of mastic asphalt was supplied.  
 

 
Figure 29  The sheet was considered very easily welded (here under weather 

protection)   
 

 
Figure 30  32,000 m2 of waterproofed deck on the High Coast bridge 
 

The wearing course of polymer modified mineral-rich asphalt concrete (stone 
mastic asphalt PABS 11), with polymer binder Pmb 20 from Nynäs, was laid by 
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Skanska during a total of four days for the whole pavement. The asphalt mix was 
laid without transverse joints in four sections over the whole length of the bridge. 
Heating units were used to heat the underlying surface prior to laying, which took 
place as late as October.   
 
 

 
Figure 31  Binder course of polymer modified mastic asphalt PGJA   
 

 
Figure 32  Wearing course of polymer modified mineral-rich asphalt concrete 

PABS 11  
 

 
7.1 Quality control testing   
As mentioned above, quality and heat stability control testing was to be performed 
in connection with the various laying processes. In addition, all materials and 
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systems were to meet specified material requirements as well as requirements on 
preliminary investigations.   
 
 
7.1.1 Corrosion protection   
According to test reports and certificates from the VTI, the epoxy primer and 
epoxy met the specified requirements in the Memorandum and BRO 94.   

Quality control consisted of testing the hardness of the products (according to 
Shore), for comparison against preliminary test results obtained earlier. Each batch 
of the material was tested and had to meet the same requirements as in the 
preliminary investigation. Adhesion between the steel surface of the bridge, the 
epoxy primer and epoxy was also tested.   

Specimens were sent to the VTI for determination of hardness. Two specimens 
from each product were obtained (during August). Hardness was determined as 83 
and 85 D Shore for the epoxy primer and epoxy respectively. In the preliminary 
tests, the results were 83 and 75 D Shore respectively. The epoxy product was thus 
harder at quality control testing than in the earlier test (March 1996).   

Extensive adhesion tests were performed regularly during laying on the bridge 
by Binab (hired external personnel). The results showed that adhesion to the steel 
surface and also between the epoxy layers was very good.   

A total of 76 adhesion tests were performed on the anti-corrosion primer and a 
further 78 tests after applying the second epoxy layer. In both cases, the 
requirement for an approved value was >5.0 MPa (at a test temperature of 20°C). 
According to the table in the Skanska quality file, approved values for the primer 
are between 5 and 10 MPa. (Ten "rejected" results were obtained, but these were 
due to adhesive glue failure, i.e. the test was unsuccessful and the result should 
not be recorded). For adhesion testing on the other epoxy layer, corresponding 
approved results were within the same range as for the primer. According to 
Skanska's documentation, there were 17 adhesive glue failures.   
 

 
 7.1.2 Waterproofing sheet  
The waterproofing sheet was to be 3.5–4.0 mm thick and SBS modified. In 
addition, it was to be welded to the sanded epoxy with overlapping joints in the 
longitudinal direction and jointing strips across the joints in the transverse 
direction. The latter requirement on jointing strips was, however, abandoned 
(probably because of practical problems in execution). The waterproofing sheet 
was also to meet the requirements of BRO 94 with a number of specified 
exceptions (based on the reduced thickness of the sheet and the type of underlying 
surface).   

Routine inspection consisted of tests in accordance with specified requirements 
on the thickness and flexibility of the sheet as well as the softening point of the 
polymer binder for comparison against preliminary test results obtained earlier. 
Also GPC analysis and fluorescence microscopy were performed. The first sheet 
sample was to be taken when work started. Subsequently, one sample was to be 
taken each day the sheet was manufactured. Alternatively, this test could be 
performed as a preliminary test, which also came to be the case. Adhesion 
between sheet and sanded epoxy was to be tested on site.   
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Three sheet samples from production on 6 May 1997, 13 May 1997 and 14 
May 1997 were sent to the VTI for testing (soon after the manufacturing date). 
Approved results were obtained for all samples.   

Adhesion between epoxy and sheet was tested regularly on site by Binab (hired 
external personnel). The results showed that adhesion was satisfactory.   

A total of 134 adhesion tests were performed on the sheet. The requirement for 
an approved value was ≥0.5 MPa (at a test temperature of 20°C). According to the 
summary in the Skanska quality file, approved values (totalling 130) were 
between 0.5 and 2 MPa. For two of the rejected results, the reason was adhesive 
glue failure. For the other two rejected results, the reason was stated to be 
blistering. 
 
 
7.1.3 Polymer modified mastic asphalt (PGJA 8) 
The polymer modified mastic asphalt was to meet the requirements in BRO 94, 
with a number of specified amendments and additions. The product had been 
investigated in preliminary tests according to BRO 94 with regard to indentation 
value and dimensional stability at 80°C, and binder analysis had been performed 
on original binder with regard to penetration, softening point, breaking point, 
elastic recovery at 10°C and GPS analysis. 

Quality control consisted of tests according to specified requirements on 
indentation value, dimensional stability and analysis of recovered binder for 
comparison with corresponding values for original binder as above. Samples for 
testing were to be taken on at least six occasions. The requirement on softening 
point was ≥65°C, and elastic recovery was to be at least 75%.   

In addition, adhesion between waterproofing sheet and polymer modified 
mastic asphalt was to be tested, with a dispersion over time so that the tests were 
representative of the entire laying procedure.   

Indentation value and dimensional stability were tested by the contractors. A 
very large number of cube specimens were taken. A few deviating results were 
recorded during testing (on a total of 245 test cubes). The requirement for an 
approved indentation value was 2–7 mm, and for dimensional stability at 80°C 
≤10 mm. According to the summary in the Skanska quality file, 236 of the 
indentation values obtained were within the approved range (17 tests were in the 
range 2–4 mm, 140 in the range 4–6 mm and 79 in the range 6–7 mm). For the 
remaining nine tests, the indentation value was either too high (7–9 mm) or 
missing. Dimensional stability testing resulted in 214 approved cubes, 5 rejected 
cubes and 26 cubes for which no result was given.   

During the work, cubes were sent to the VTI for testing and evaluation of 
binder properties and changes. Bitumen samples had been taken during storage 
and the mix had been taken out on six different occasions during June - 
September. No abnormal changes were found regarding penetration, softening 
point or breaking point. Elastic recovery was between 70 and 77% for recovered 
binder. For one of the samples (taken on 2 July 1997), elastic recovery could not 
be determined since the specimen broke after elongation to approximately 17 cm 
(during testing, the specimen should normally be elongated to 20 cm). Penetration 
was also lowest for this test; 119 units compared with 186 for the original binder 
and about 150 for other specimens of recovered binder.   
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Adhesion between waterproofing sheet and mastic asphalt was tested regularly 
on site by DAB and Skanska. The results showed that adhesion met the 
requirements.  

A total of 42 adhesion tests were performed on the polymer mastic asphalt. The 
requirement for an approved value was ≥0.5 MPa (at a test temperature of 20°C). 
The results were between 0.6 and 1.5 MPa. (For six of the tests, there were no 
results owing to damage by traffic).   
 

 
Figure 33  Preparing for testing adhesion between waterproofing sheet and 

mastic asphalt   
 
 
7.1.4 Polymer modified asphalt concrete (PABS)   
The asphalt concrete was to meet the requirements of VÄG 94 6.7 and 6.8, with a 
number of changes and additions. The polymer binder was to be Pmb 20 from 
Nynäs. Test laying was to be carried out before laying on the bridge and specified 
requirements on friction, voids content, deformation resistance, etc. according to 
BRO 94 were to be met.  

To enable quality control testing, mix samples were taken for recovery of 
binder and binder analysis at VTI according to generally the same procedure as for 
the polymer modified mastic asphalt (Section 7.1.3). The corresponding 
requirements on softening point and elastic recovery were 70°C and 85% 
respectively for the recovered binder in the asphalt mix. No major changes 
regarding penetration or breaking point were found. Softening point was between 
82°C and 83°C, and elastic recovery was between 89% and 92% for recovered 
binder. The GPC analysis also showed that no significant changes occurred in the 
polymer binder during manufacture, transport and/or laying.   

In addition, core specimens were to be taken from the finished pavement for 
determination and inspection of voids content and deformation resistance. This 
was carried out, but to a considerably lesser extent (7 cores) than specified in the 
National Road Administration Memorandum. For the drill cores taken, the values 
obtained were satisfactory. The reason why only a small number of specimens was 
taken lay in difficulties in separating the wearing course from the binder course.   

Instead, Skanska chose to perform compaction control with a nuclear gauge 
(Troxler). This method is unreliable and the results varied widely.   
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Neither was adhesion between asphalt concrete and the mastic asphalt binder 
course tested in accordance with the recommendations and specified requirements. 
The adhesion tests were postponed in their entirety until summer 1998, when a 
total of 12 adhesion tests were performed with approved results. In most of the 
tests, failure occurred in the asphalt concrete (and not between the asphalt 
concrete and mastic asphalt). The results were between 1 and 1.6 MPa (at test 
temperatures between 17°C and 20°C). The requirement for an approved value 
was ≥0.5 MPa (at a test temperature of 20°C).   
 
 
7.1.5 Joint sealant   
The joint sealant product was to meet the requirements of BRO 94, 64.2 and 64.3. 
The product requirement in 64.3 means that the sealant must be tested according 
to SP (Swedish National Testing and Research Institute) method 0759 with 
approved results. Testing had been performed in 1992 but not subsequently, as the 
test equipment at SP had been rebuilt over a long period. However, BRO 94 
demands a certificate that is no more than four years old. A new test will be 
carried out.   

Samples of sealant were taking taken during joint sealant work and were 
investigated with the aid of comparative GPC analysis (against non-heated 
material and against material that had been heated for 6 hours at 180°C). All 10 
samples were approved, i.e. no notable change in molecular weight and/or 
molecular weight distribution had occurred during heating of the joint sealant 
product on the bridge.  
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8 Concluding comment 
The High Coast bridge, one of the longest suspension bridges in Europe and 
unique in the world owing to its northerly position, has now been completed. The 
cold climate and major temperature variations set very high and special 
requirements on aspects such as the waterproofing and pavement system for the 
bridge.   

The High Coast bridge has been provided with a waterproofing and pavement 
system designed to meet the high demands specified for the structure. The choice 
of system is the result of extensive project work which is summarised in this 
document.   

Starting from the steel surface, the system consists of epoxy primer, epoxy, 
polymer modified bitumen sheet layer, polymer modified mastic asphalt, and a 
wearing course of polymer modified mineral-rich asphalt concrete with fibres.   

The project has been carried out by the National Road Administration in 
collaboration with the VTI. A number of Swedish manufacturers and contractors 
have taken an active part, as have foreign institutes and experts In this field. The 
project was started in 1992 and has since passed through various development, 
evaluation and testing phases. Finally, the materials laid on the bridge have been 
investigated with regard to quality and performance.   

As a result of a high level of collaboration between the National Road 
Administration Head Office, the VTI, National Road Administration site 
personnel and contractors, waterproofing and paving work was completed on 
schedule. A great deal of know-how and experience which is also applicable to 
future projects has been gained during this time.   

A continuation of the project with follow-up inspections of the waterproofing 
and paving system on the High Coast bridge would be desirable.   
 

 
Figure 34  The High Coast bridge in 1998 
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Tabell Test results for epoxy primer product NM 270 
 
Testing Result 
  
  
1. Density (kg/m³) *  
 - resin 1480 
 - hardener  978 
 - mix 1290 
  
2. Viscosity at 20°C (mPa s) * 495 
  
3. Potlife, 100 g 20°C (min) * 45 
  
4. Volatile components (% by weight)  
 - hardened product 7.0 (6.9 7.0) 
 - resin 11.0 (11.7 10.4)
 - hardener 49.0 (49.3 48.8)
  
5. Hardness (D Shore)  
 - at room temp 81 (81 81 80) 
 - at 50°C  58 (58 59) 
  
6. Hardening time (% of fully 
hardened product’s hardness) 

 

 - after 24 h at room temp  38 
 - after 48 h at 5°C <50 
  
7. Storage in water, 3 months  
 - at room temp  
 weight increase (%) 3.1 (2.4 3.2 3.8) 
 hardness (D Shore) 81 (82 82 80) 
 - at 70°C  
  weight increase (%) 1.5 (1.2 1.9 1.3) 
  
9. Adhesion to steel (N/mm²) >1.4 (1.42 0.97) 
 Failure against 

stamp  
  

• Given by the producer 
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Tabell Test results  for epoxy product NM 52T 
 
Testing Result 
  
  
1. Density (kg/m³) *  
 - resin 1110 
 - hardener 1350 
 - mix 1220 
  
2. Viscosity at 20°C (Pa s) * 2 
  
3. Potlife, 100 g 20°C (min) * 45 
  
4. Volatile components (% by weight)  
 - hardened product 3.8 (3.2 4.4) 
 - resin 9.5 (9.2 9.8) 
 - hardener 19.4 (19.7 19.0)
  
5. Hardness (D Shore)  
 - at room temp 83 (83 83 82) 
 - at 50°C  61 (60 62) 
  
6. Hardening time (% of fully 
hardened product’s hardness) 

 

 - after 24 h at room temp 82 
 - after 48 h at 5°C 69 
  
7. Storage in water, 3 months  
 - at room temp  
 weight increase (%) 2.9 (3.0 2.9 2.9) 
 hardness (D Shore) 79 (80 79 79) 
 - at 70°C  
 weight increase (%) - 2.2 (-1.8 -2.5 

-2.2) 
  
9. Adhesion to steel (N/mm²) ** 5.3 (5.60 5.60 

4.84) 
 Failure against 

NM 270 
 and stamp 
  
* Given by the producer 
** System of steel, NM 270 and NM 52T 
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Bridge 94 Appendix 9–17 

Requirements for epoxy sealant products 

Testing Requirements Comment Method 

1. Density (resin,  
 hardener and  
 mix 

Given Performed by the producer Method given 

2. Viscosity Given 
The product shall be possible to 
apply at 5°C and a thickness of 
500 µm on a vertical surface 

Performed by the producer at 25°C 
and 10°C 

Method given 

3. Potlife Given Performed by the producer Method given 

4. Volatile components < 4,0 % by weght* Hardened product (24 h) After thermal storage 3 h at 105°C 

 <10,0 % by weght * Resin Method: DIN 53216 (Hardened 
product) 

 <20,0 % by weght * Hardener Method: SIS 18 41 22 (Resin and 
hardener) 

5. Hardness >60 D Shore At room temperature Performed at fully hardened 
product. Method: ASTM D 2240 

 >50 D Shore At 50°C  

6. Hardening time >75% of fully hardened product’s 
hardness 

After hardening 24 h at room temp 
Testing at room temp 

Method: ASTM D 2240 

 >50% of fully hardened product’s 
hardness 

After hardening 48 h at 5°C. Testing 
at 5°C 

 

7. Storage in water 
 - Weight increase 
 - Hardness 
 - Change in weight 

 
<2,0 % by weight 
>60 DShore 
<3,0 % by weight 

 
After storage 3 months at room temp 
After storage 3 months at 70°C 

8. Alkali resistance No blistering or loss of adhesion After storage 3 months (100% 
relative humidity, room temp) 

Sample applied on concrete. Visual 
inspection and manual peeling 

9. Adhesion 
 - Concrete 

>3,0 N/mm²  Load increase: 200 N/s  
Test area diameter: 50 mm 

 - Mastic asphalt >1,0 N/mm². No cracks, shrinkage 
or separation 

Application temp 240°C  

* ±10% tolerance 
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Tabell 1 Test results for 3.5 mm SBS modified waterproofing sheet 
 
Testing Result 
  
  
1. Thickness (mm)  
 - total 3.6 (3.5-3.8) 
 - weldable bitumen 1.7 (1.5-1.7) 
  
2. Mass per unit area (kg/m²) 4.39 (4.29-4.48) 
  
3. Tensile strength (N)  >800 
  
 Elongation (%)   
  23°C, 100 mm/min >40 
 -20°C, 10 mm/min >20 
  
5. Flexibility (°C)  
 - not aged sample <-30 
 - aged sample (L) at 70°C  
 after 3 months <-30 
 after 6 months  -10 
  
6. Dimensional stability (%)  
 - shrinkage 0.16 (0.14 0.14 0.17 0.17 0.20) 
 - permanent elongation 0.12 (0.08 0.11 0.11 0.14 0.14) 
  
7. Heat resistance (mm) 0.2 (0.2 0.3) 
  
8. Resistance to chemicals   
 - visual inspection No visible changes 
 - change in weight (%) <1.5 
  
9. Perforation and dynamic water 
pressure  

Leakage 
(but passes 1000 pulses at 0.3 MPa) 

  
10. Bitumen  
 Softening point (°C)  
 - not aged sample 131 (131 131) 
 Change in softening point (°C)  
 after 3 months at 70°C 20 
 after 6 months at 70°C 31 
  
 Chemical compatibility with NM52T  
 Change in softening point (°C) 2 
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Tabell 1 Continuation 
 
Testing Result 
  
  
12. Adhesion to steel (N/mm²) *  
 not aged specimen 1.0 (0.99 0.93 0.94) 
 Failure between sheet and sheet 
 surfacing (sand) 
  
 aged specimen 1.2 (1.27 1.14 1.27) 
 Failure in weldable bitumen and 

between sheet and sheet surfacing  
  
13. Shear resistance (N/mm²) **  
 after1 mm  0.15 (0.13 0.16) 
 after 10 mm  0.33 (0.32 0.34) 
 maximum shear resistance 0.34 (0.33 0.35) 
 Maximum shear resistance after 13 mm. 
 No visible sliding against steel (primer) 
 or mastic layer. 
  
* System of NM 270, NM 52T (sanded surface) and sheet 
** System of NM 270, NM 52T (sanded surface), sheet and polymer modified mastic 

asphalt 
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BRIDGE 94   Appendix 9-16 
 

Requirements on weldable polymer bitumen sheets. Waterproofing sheet 
(from BRO 94) 

Testing  Require
ments 

Comment 

1. Thickness ≥ 5,0 mm The individual values may deviate by ± 0.5 mm from the 
nominal value. (Witout granules) 

2. Weight per unit area Given The average measured values may deviate from the nominal 
value by + 10% (sheet without granules), +15% (sheets with 
granules) 

3. Tensile strength ≥ 800 N 23°C, 100 mm/min 
-20°C, 10 mm/min 

Length between jaws: 100 mm 
Width: 50 mm 
Same requirements in both directions 

Elongation ≥ 40% 23°C, 100 mm/min ” - 

  ≥ 20% -20°C, 10 mm/min ” - 

4. Tensile strength of 
joints 

> 650 N 23°C, 100 mm/min 
-20°C, 10 mm/min 
Joint 50 mm 

” - 

5. Flexibility 
 

-20°C   Diameter: 30 mm 
Single cracks, depth< 0,5 mm 
accepted 

 -10°C After 6 months at 
70°C 

” - 

6. Dimensional stability ≤ 0,40 % Shrinkage after 28 days at 70°C 

  ≤ 0,25% Permanent 
elongation 

” - 

7. Heat resistance 
 

< 1,0 mm After 2 h at 100°C 

8. Resistance to 
chemicals 
 - Water 
 - De-iceing salt 
 - Alkali 

1) After storage 6 months at room temperature 

9. Resistance to 
perforation and 
dynamic water 
pressure 

No leakage Granules are removed 
Height: 200 mm 
Weight: 1,0 kg; 90° conical point 
0,5 N/mm² 1000 pulser 

1) Maximum change in weight 1,0% (without granules) No visible changes 
on sheet and carrier 
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Requirements on weldable polymer bitumen sheets - Bitumen –Primer 
(BRO 94) 

Testing  Requirements Comment 

10. Bitumen 
 Softening point 

≥ 120°C  

 Change in softening point 
 Chemical compatibility with 

sealant Change in softening 
point 

max 20°C 
 
max 10°C 

After 6 months at 70°C 
 
After 3 months at 50°C 

11. Primer 
Water repelling ability 

Must be water-
repellent 

 

 

Requirements on weldable polymer bitumen sheets – Function testing 
(BRO 94  

Testing  Require-
ments 

Comment 

12. Adhesion to 
- Concrete 

≥ 0,8 N/mm² After ageing: 
Thermal shock:  
De-icing salt (10 d); 
70°C, (21 d);  
Freez-thaw cycles (7) 

Load increase: 200N/s 
Test area: φ 50 mm. 
Tested at room temp 

- Asphalt concrete 
ABT 4 / B 180 

≥ 0,5 N/mm² Applic.temp 150°C. No 
failure in the sheet is 
accepted  

”  

- Mastic asphalt ≥ 0,8 N/mm² Applic.temp 240°C ”  

- Joint sealant ≥ 0,8 N/mm² After thermal shock 
150°C 

”  

13. Shear resistance 
 (ABT 4 / B 180, 
Mastic asphalt) 

≥ 0,15 N/mm² 

after 10 mm  

After 3 months at 50°C 
Shear rate: 10 mm/min 
Area: 2 x (155 mm x 
115 mm) 
Vertical pressure:  
0,07 N/mm² 
Tested at room temp 
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 Particle size distribution for fine aggregate Particle size distribution for polymer modified 
  mastic asphalt  (”Tjörn”) fine aggregate mastic asphalt 
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 Particle size distribution for coarse aggregate Particle size distribution for polymer modified 
  mastic asphalt  (”Tjörn”) coarse aggregate mastic asphalt 
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 Particle size distribution for ABS 
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Chemical characterization with Iatroscan for recovered binder from conventional fine 
aggregate mastic asphalt and coarse aggregate mastic asphalt. Material from  
Pitsund bridge according to table 4 section 5. 
 

Content of  bitumen components (%) Product 

Saturates Aromatics Resins Asphaltenes 

Mastic ”Tjörn” 

 

14 46 24 16 

GJA ”Tjörn” 

 

13 44 25 18 

Reference bitumen  

B 85 

15 48 22 15 

 
 
 
 

Mastix "Tjörn"
 GJA
B 85 referens

Mättade oljor Aromatiska oljor Hartser Asfaltener
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Chemical characterization with GPC for original and recovered binder from fine aggregate mastic 
asphalt and coarse aggregate mastic asphalt products. Material for testing at FMPA according to 
table 8-11 section 6 . 
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