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Experience in Sweden of polymer modified
waterproofing systems

I Laboratory testing of polymer modified mastic asphalt

ll The Höga Kusten bridge

by Ylva EDWARDS, Lic. Techn.

Swedish National Road and Transport Research Institute

Fine aggregate mastic asphalt (10 mm thickness) on glass fibre net, or polymer modified
bituminous sheet (SBS) is most commonly used for waterproofing concrete bridge decks in

Sweden. Polymer modified mastic asphalt was introduced on the basis of the requirements
specification in BRO 94 (for road bridges maintained by the National Road Administration)
and has to a great extent replaced conventional mastic asphalt, used in Sweden since 1970.

The first part of this presentation and document describes a study on laboratory testing of a
number of mastic asphalt products for waterproofing concrete bridge decks. Performance at
low and high temperatures has been studied and the binder has been analysed before and after

recovery.

The study was performed in order to find suitable tests for the characterisation and functional

testing of polymer modified mastic asphalt for waterproofing concrete bridges in Sweden.

SBS-modified mastic asphalt has proved to be the most suitable material for Swedish
conditions and testing routines used today.

The second part of the document describes a project for choosing the most suitable
waterproofing and pavement system for the Höga Kusten bridge (which will be one of the
world s longest suspension bridges).

As a result of research and testing during this project period, a suitable system for the Höga
Kusten bridge has been suggested by the National Road Administration. Waterproofing and
pavement will be laid during late summer of 1997.



 

I

Laboratory testing of polymer modified mastic asphalt    
The study compares conventional mastic asphalt and polymer modified mastic asphalt

products, and was conducted in the form of laboratory tests at the VTI during the period 1993
to 1995.

1 Products

1.1 Conventional mastic asphalt

Mastic asphalt on ventilating fibreglass net has been used for waterproofing concrete bridge
decks in Sweden since about 1970, generally with good results. However it is susceptible to
cracking at low temperatures in certain structures, and more exible waterproofing systems

are needed, such as polymer modified bituminous sheets and polymer modified mastic
asphalt. The bridge specifications of the National Road Administration (BRO 94) prescribe a
10 mm thick layer of mastic asphalt on fibreglass net and mastic asphalt consisting of bitumen

(B70/ 100; BSO/70; 12-15 %), Trinidad Epuré (2 5 %), limestone filler (25 38 %) and sand (0-

2 mm; 50-60 %).

When laying conventional mastic asphalt for bridge waterproofing purposes, routine tests are
performed on the mix in accordance with BRO 94 specifications. Samples are obtained during
manufacture in the asphalt plant and when laying the mastic asphalt on the bridge. The

indentation value must be 60-240 seconds. The difference in the results between samples
taken at the asphalt plant and samples taken during laying must not exceed 90 seconds.
Tensile bond between concrete and mastic asphalt must be at least 0.4 N/mmz. Increased
indentation values indicate that the mix has been heated too long and/or at too high a

temperature. The binder has oxidised and negative changes have probably occurred in the
mastic asphalt product, mainly in properties such as cracking at low temperatures.

1.2 ' Polymer modified mastic asphalt

In recent years, development has been carried on by Nynäs, Binab, Skanska and other

producers in Sweden to obtain suitable polymer binders for modifying mastic asphalt for
bridge waterproofing purposes. Polymer modified mastic asphalt provides a more
environment-friendly manufacturing process with less fumes. (The addition of Trinidad
causes a considerable amount of fumes).

The use of a polymer modified binder improves the properties of mastic asphalt at both lower
and higher temperatures. Polymer modified mastic asphalt is better able to resist cracking at
low temperatures and is more stable at higher temperatures than mastic asphalt without
polymer.

Polymer modified mastic asphalt is more heat susceptible than conventional mastic asphalt. In
high temperatures and/or long heating times, changes take place in the polymer and polymer

binder, leading to poorer properties of the mastic asphalt as a result. Increased indentation
values do not give the same indications for polymer modified mastic asphalt as for
conventional mastic asphalt, since the curing effect of the bitumen on the indentation value in
heating is frequently offset by a similar softening effect of the polymer when this is broken



down to shorter molecular chains. The test is therefore unsuitable as a single test on polymer
modified mastic asphalt. BRO 94 therefore prescribes further testing on polymer modified
mastic asphalt, in addition to stringent requirements on product handling etc. The extended
testing primarily concerns dimensional stability.

According to the directives, the measured indentation value for polymer modified mastic

asphalt must be 45 180 seconds and the dimensional change must not exceed 10 mm. Tensile
bond to concrete must (as for conventional mastic asphalt) be at least 0.4 N/mm2. The same
limit values as for conventional mastic asphalt concerning binder, filler and sand content are

required.

The influence of heat ageing on the polymer binder may be followed to a certain extent by
testing recovered binder in regard to traditional parameters such as softening point,
penetration, Fraass breaking point, ductility and elastic recovery. However, the recovery

process may lead to undesirable changes in the polymer bitumen. It is also of the greatest
importance to be able to perform quick and simple tests of the waterproofing product in
connection with manufacture and laying.

In Sweden, polymer modified mastic asphalt with SBS polymer has mainly been used. Also
products modified with Styrelf or EVA have been used, but not on bridges maintained by the
National Road Administration. Requirements in BRO 94 are based on practical experience
from manufacture and laying in the field, in addition to laboratory tests, partly in connection
with long term heating.

According to BRO 94, a polymer modified mastic asphalt product is accepted for

waterproofing purposes only after passing a long term heating test with satisfactory results.

Mastic asphalt is heated in a transport mixer for a total of 60 hours; the first 50 hours at

190i50C, the next 6 hours at 215i5°C and the last 4 hours at 230i50C. During the heating
process, samples are taken out and tested. Indentation value and dimensional stability are

determined.

BRO 94 prescribes only mastic asphalt modified with SBS polymer (at least 4.0 % SBS in the
binder is required). Experience of Styrelf binder and EVA is not considered sufficient today in
Sweden, and laboratory test results have not been satisfactory so far. Investigations of polymer
modified mastic asphalt are currently being performed in joint projects by the National Road
Administration, VTI and manufacturers.

1.3 Materials tested

The four materials studied are:

0 Mastic asphalt with SBS-modified binder, PMB 32 from Nynäs

0 Mastic asphalt with modified binder, Styrelf 13/60 from Elf Bitumen

0 Mastic asphalt modified with EVA polymer

0 Mastic asphalt with conventional binder, B 70/100; BSO/70 and Trinidad Epure

For the mastic asphalt with PMB 32, the content of polymer modified binder was stated to
be 16.2 % by weight, limestone filler 30.3 % by weight and sand (0-2 mm) 53.5 % by weight.
According to the manufacturer, the content of SBS polymer was 4 % by weight of the binder.



SBS (styrene-butadiene-styrene) is a thermoplastic elastomer. SBS elastomers consist mainly

of polybutadiene blocks, linked at each end to polystyrene blocks. SBS bitumen is manufac-
tured by mixing SBS polymer in a bitumen compatible with the polymer. The polymer is

mixed with bitumen at about 180°C. This causes the polystyrene blocks to melt, while the
polybutadiene blocks swell through interaction with compatible bituminous oils. The polymer
may form a three-dimensional network in the polymer rich phase, which becomes continuous
at 5 8 % by weight of added polymer.
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Figure 1 SBS, chemical structure and phase structure

Mastic asphalt with Styrelf 13/60 is a different kind of product. Styrelf is manufactured in a
patented process. After mixing and addition of dispersant, a chemical reaction takes place
similar to vulcanisation. The polymers used are relatively low molecular and according to the

manufacturer cannot be distinguished by methods such as GPC analysis or uorescence
microscopy. It is not considered meaningful to indicate the polymer content for Styrelf since
this may vary with the type of bitumen. Polymer mixes of about 2 5 % by weight are used,
according to information. Styrelf products are manufactured to specified requirements on
softening point, penetration, Fraass breaking point and elastic recovery.

Mastic asphalt with EVA was introduced in Sweden by Skanska as an alternative to SBS-
modified mastic asphalt. EVA (ethylene vinyl acetate) is a thermoplastic polymer produced by
the copolymerisation of ethylene and vinyl acetate. EVA modified bitumens are frequently
used in France and Britain.

The mastic asphalt produced by Skanska has an EVA polymer content of 4 7 % by weight of
the binder. The polymer is added directly to the mastic asphalt mix during manufacture in the
asphalt plant, after which a mixing time of about seven hours is needed. The product is named
mastic asphalt PMX. As the modification of both binder and mix takes place during
manufacture, no relevant information concerning performance parameters of the polymer
modified binder could be provided by the manufacturer.
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Figure 2 Ethylene vinyl acetate copolymer

2 Laboratory study

Testing was performed on original binder (when available), on extracted and recovered binder

and on the mastic asphalt product. The test results are reported and compared in Tables 1 2.

2.1 Mastic asphalt

Test methods used for the mastic asphalt products were:

- Indentation time at 200C, before and after heating procedure

o Dimensional stability, 24 hours at 55°C, before and after heating procedure

. Low temperature performance according to Fallversuch Herrmann

Softening point according to Wilhelmi

Penetration (Kugel) at 400C

Tensile bond to concrete substrate and to SBS modified bituminous sheet

Flexural strength using Three-Point Loading, at -20°C.

Thermal Stress Restrained Specimen Test (TSRST) according to SHRP

Binder content and grain size distribution were also determined.

Indentation value and dimensional stability were determined also after heating for 6 hours at
220°C.

2.2 Binder

The binder was analysed according to traditional test methods, such as penetration, softening
point (ring and ball), Fraass breaking point, ductility and elastic recovery. Fluorescence
microscopy was used, and also GPC analysis. Low temperature BBR analysis (Bending Beam
Rheometer according to SHRP specification) was included.

Tests were performed on the original binder and on binder recovered from the particular
mastic asphalt products (through extraction in dichloromethane and distillation).



3 Test results - Mastic asphalt

The test results are reported and compared in Table 1.

3. 1 Stability, high temperature performance

Indentation values are between 48 and 168 seconds, with the lowest value for the EVA
modified mastic asphalt PMX, and the highest value for the conventional mastic asphalt. After
extra heating for 6 hours at 220°C, all products become harder except PMX.

Dimensional stability tests indicate poorer stability for mastic asphalt modified with Styrelf
and conventional mastic asphalt, than for mastic asphalt modified with PMB 32 and mastic
asphalt modified with EVA. After heating for 6 hours at 220°C, the PMB 32 mastic asphalt
shows poorer stability than PMX.

Softening point Wilhelmi is higher for mastic asphalt with PMB 32 (108°C) than for the rest

of the products, which have 10-15°C lower values.

3.2 Low temperature performance

Low temperature testing according to Fallversuch Herrmann performed at 0, -10 and
20°C indicates a slightly better low temperature impact resistance for the PMB 32 mastic

asphalt than for the rest of the tested products. At 20°C, all four products show similar

results.

Determination of low temperature exural strength using a simple beam with three-point

loading was performed at 20°C for all four products. Flexural strength, deflection and
E modulus were determined. Beams (194 mm x 43 mm x 25 mm) were tested by applying a
load at the midpoint of the specimen at a constant rate of 0.5 mm/min. The highest strength

and de ection were registered for mastic asphalt with PMB 32.

Thermal Stress Restrained Specimen Test (TSRST) was performed only for mastic asphalt

with PMB 32. In this test, the fixed specimen (50 mm x 50 mm x 250 mm) is subjected to
thermal stress due to decrease in temperature. As the temperature decreases (10°C per hour),
the thermal stress increases to a level equal to the tensile strength of the specimen, where
fracture occurs. The temperature at which the specimen fails is called the fracture temperature.

The registered fracture temperature for mastic asphalt with PMB 32 was -36°C.

3.3 Tensile bond

Tensile bond to concrete was investigated at 20°C for all products, with results from 0.7

N/mm2 (for mastic asphalt with EVA) to 1.3 N/mm2 (for mastic asphalt with Styrelf 13/60).
The corresponding requirement on tensile bond according to BRO 94 for conventional as well

as for polymer modified mastic asphalt measured on the bridge is 0.4 N/mm2.
Tensile bond to concrete was measured also at other temperatures, with test results from
0.4 N/mm2 at 30°C for mastic asphalt with PMB 32 to 2.7 N/mm2 at 5°C for mastic asphalt

with Styrelf 13/60.

In regard to tensile bond to SBS-modified bituminous sheet at 20°C, results from 0.7 to 1.0
N/mm2 were registered. The corresponding laboratory requirement on tensile bond between
bituminous sheet and protective layer of Gussasphalt according to BRO 94 is 1.0 N/mm2.



 

 

      

Table 1 Test results for polymer modified mastic asphalt with PMB 32, Styrelf13/60,

and EVA respectively and for conventional mastic asphalt

Test Mastic asphalt with
PMB 32 Styrelf EVA conv binder

13/60

Indentation (s)
20°C 65 98 48 168
after heating 6 h at 220°C 143 214 38 243

Dimensional stability (mm)
50°C 1 ~50 0-1 ~50
55°C 1 ~90 0-2 ~70
after heating 6 h at 220°C / 50°C 9 ~60 1 ~60
after heating 6 h at 220°C / 55°C 19 ~80 1 ~70

Low temperature test, 0 / 250 O / 120 O / 120 0 / 120
Fallversuch Herrmann (°C/cm) -10 / 250 -10 / 120 -10 / 120 -10 / 120

-20/120 -20/120 -20/120 -20/120

Softening point Wilhelmi (°C) 108 92 92 99

Penetration 40°C (mm/10) 60 85 - -

with elastic recovery (%) 4 1 - -

Tensile bond to concrete 0.8 1.3 0.7 0.9
(N/mm2)

Tensile bond to SBS-modified
bituminous sheet (N/mm2) 0.7 0.6 1.0
after 3 months at 50°C 0.7 0.7 1.0

Binder content (% by weight)) 16.8 18.9 16.6 15.4

Grain size distribution Appendix 6 Appendix 6 Appendix 6 Appendix 6

Three point loading at -20°C
- Flexural strength (N/mm2) 17.2 13.5 14.7 14.1
- Deflection (%) 0.80 0.58 0.69 0.55
- E modulus (MPa) 2260 2410 2370 2770

Thermal Stress Restrained -36 - - -

Specimen Test, TSRST CC)

4 Test results - Binder

The test results are reported and compared in Table 2.

4.1 Traditional bitumen analysis

 
A comparison of the two original polymer binders shows that Styrelf 13/60 is generally a
harder binder than PMB 32 in regard to penetration. The softening point is lower and the
ductility and elastic recovery more limited. The Fraass breaking point is approximately the

same.



In laboratory ageing (TFOT, 5 hours at 163°C), both products become harder percentually to
about the same degree in regard to penetration value. However, the softening point changes
considerably more for PMB 32 than for Styrelf 13/60. The Fraass breaking point deteriorates
more for PMB 32 than for Styrelf 13/60. Similarly, a certain change in ductility and elastic
recovery can be observed for both products.

Characteristic properties of recovered binder generally show smaller deviations than the aged
binder compared to original binder.

For binder recovered from conventional mastic asphalt test results are about the same as

for binder recovered from mastic asphalt with Styrelf13/60.

Concerning the EVA-modified mastic asphalt, no original polymer modified binder is
available as the EVA polymer is added directly to the mastic asphalt mix during manufacture.
Recovery of the binder was performed according to the same method for all four products
(through extraction in dichloromethane and distillation) but the test results are not in

accordance with what was expected by the manufacturer of PMX mastic asphalt. The
penetration value is considerably higher than for the other binders, and the softening point
lower. Elastic recovery is poorer.

4.2 BBR analysis

Low temperature BBR analysis was performed on the polymer modified binders PMB 32 and
Styrelf 13/60. Testing was performed at 18°C, on the original binder (before and after
TFOT), on recovered binder from the mastic asphalt products and on recovered binder from
the mastic asphalt after heating for 6 hours at 220°C. For conventional binder, testing was
performed only in the last case. EVA-modified binder was not tested in this respect.
The results show that the SBS-modified binder PMB 32 has the lowest stiffness value in each
case tested and a higher m-value. The creep stiffness value should be not more than 300 MPa

according to SHRP binder specifications and the m-value not less than 0.300, when measured
at 60 seconds.

4.3 Fluorescence microscopy

The polymer modified binders have been studied in uorescence microscopy, a visual
evaluation method that has proved practical in the case of SBS modified bitumen, for

example. Fluorescence of polymer modified bitumens may appear in many variants. Polymers
such as SBS and APP uoresce strongly green yellow-white, while the bitumen appears black.
The structure or network of polymer bitumen can be studied, in addition to the dispersability

and changes during heated storage. Morphology and stability depend on the composition of
the base bitumen (aromaticity), polymer type and polymer content.

The polymer bitumen structure of PMB 32 changes during laboratory heating (TFOT and
heating for 6 hours at 2200C) and recovery of the binder. This has been studied. However, the
method has not proved practical for Styrelf 13/60, since the sample fluoresces in its entirety.
EVA polymer itself does not fluoresce. Nevertheless, fluorescence has been observed for

EVA modified binder recovered from mastic asphalt PMX. The sample uoresces in a finely
dispersed pattern, but only after heat treatment of the sample.



4.4 GPC analysis

Molecular size distributions were analysed by means of GPC (Gel Permeation
Chromatography). Original binder was compared to aged binder and recovered binder.
Recovered EVA modified binder was compared to a laboratory mixture of bitumen B 85 and
5 % EVA polymer (from the manufacturer of PMX).

To be able to determine the polymer content by means of GPC, the smallest polymer

molecules must be larger than the largest bitumen molecules. Polymer content can be

determined for SBS modified bitumen, but in EVA polymers there are always molecules
smaller than the largest bitumen molecules. Polymer content has not been determined in this

study.

 

 

 

 

 

 

 
 

  

Table 2 Test results for polymer binders PMB 32, Styrelf 13/60 and EVA andfor binder

from conventional mastic asphalt

Test Pmb 32 Styrelf I EVA Conv
13/60 binder

orig. a TFOT recov. | orig. a TFOT recov. | recov. | recov. |
Penetration (mm/10) .

25°C 54 43 39
40°C 172 . 138 155

Softening point (°C) 89 65 59

Fraass br. point (°C) 15 11 16

Ductility (cm)

25°C 98 >1oo >1oo
1700 >1oo 81 72

Elast. recovery (%)

25°C 98 80 68
130C 84 80 66

Flash point (°C) 259 - 195 259 - 197 195 193

Weight loss (%) 0.1 - 0.04 - 0.30 -

BBR analysis
-18°C

Stiffness (M Pa) 316 351 287 492 367 606 501 *
m-value 0.311 0.286 0.400 0.304 0.195 0.277 0.336

Chem. compatibility

with SBS-modified
bituminous sheet,
3 months at 50°C
Soft. point (°C) 90 62 53
Refer, soft. point (°C) 90 67 49
Change in softening 0 '5 4
point (°C)         
 

* From mastic asphalt after heating 6 hours at 220°C

 

 



5 Discussion

5.1 Test methods - functional properties of mastic asphalt

In testing stability and high temperature performance, methods for determining indentation
value, dimensional stability, softening point Wilhelmi and penetration (Kugel) have been
used.

Indentation value does not give the same clear information as for conventional mastic

asphalt since the curing effect of the bitumen on the indentation value in heating is frequently
offset by a similar softening effect on the polymer. In combination with the dimensional

stability test and softening point Wilhelmi, the information becomes more useful. The
dimensional stability test should be evaluated further, however. The in uence of the mastic
asphalt recipe (proportions, polymer content and type of polymer) as well as limits for the use
of the method, should be studied. A similar method for polymer modified Gussasphalt is
under development.

The penetration (Kugel) test method has been used to a limited extent. Elastic recovery values
seem to differ very little between products.

Low temperature performance has been studied mainly by means of Fallversuch Herrmann

and the three-point loading test.

Fallversuch Herrmann is time consuming, and requires a considerable amount of material.

Furthermore test results are sometimes difficult to evaluate.

The three-point loading test provides information on flexural strength, deflection and E
modulus. The comparatively slow rate of loading approaches thermally induced stresses rather
than traffic related stresses. A universal testing machine can be used. The method has been
evaluated for waterproofing and pavement products also in other projects. More experience is
needed concerning the reliability of the method. Requirements for different kinds of products

must be set up.

5.2 Quality

To be able to guarantee that the waterproofing polymer modified mastic asphalt on the bridge
has the same good functional properties from laying time to laying time, homogeneity and
thermal stability must be kept under control. Separation and changes in molecular structure
must be avoided, which demands efficient quality control. Fluorescence microscopy and GPC
analysis are valuable tools for studying changes in the polymer modified binder and polymer

modified mastic asphalt mix under the influence of high mixing temperatures and long term
heating.

SBS modified mastic asphalt has proved to be the most suitable material for Swedish
stadi liens and testing routines used today.



6 Long term heating test according to BRO 94

Requirements specifications for polymer modified mastic asphalt were introduced with BRO
94, based on practical experience from manufacture and laying in the field, in addition to
laboratory tests, partly in connection with long term heating.

Most experience in Sweden concerns SBS-modified mastic asphalt, which is why this has

become the norm in current investigations on polymer modified mastic asphalt for bridge
waterproofing purposes. BRO 94 prescribes only mastic asphalt with SBS. At least 4.0 % SBS
in the binder is required.

The long term heating test according to BRO 94 is required for acceptance of new mastic
asphalt products with SBS modified binder. The test is performed according to instructions
and requirements specifications in BRO 94 Bilaga 9-14, for a total period of 60 hours; the first
50 hours at 190 j; 5°C, the next 6 hours at 21515°C and the last 4 hours at 23015°C. A

representative from the VTI is involved during the last 25 hours of the test. During the heating
process, samples are taken for testing.

6.1 Sampling procedure

Reference samples are taken after 30 minutes of mixing in the transport mixer. Samples are
then taken after 10, 20, 25, 30, 35, and 40 hours of mixing. During the last 20 hours, samples

are taken once every hour. The total number of sampling occasions is 27, and on each

occasion four cubes and two l-litre tins of the product are taken. Half of the test samples are
transported to VTI for testing.

6.2 Testing

Testing is performed on the mastic asphalt, on original polymer modified binder and on
polymer modified binder which has been extracted and recovered from the mastic asphalt
product. The following tests are performed:

Mastic asphalt

o Indentation value (FAS Method 447 95)

0 Dimensional stability (BRO 94)

o Binder content (FAS Method 404-91)

0 Grain size distribution (FAS Method 221-95)

Polymer modified binder (original binder received from the manufacturer)

0 Penetration at 40°C (FAS Method 337 91)

0 Softening point (FAS Method 338-95)

0 Polymer content (IR spectroscopy)

Recovered polymer modified binder

0 Penetration at 40°C (FAS Method 337-91)

0 Softening point (FAS Method 338-95)

. Polymer content (IR spectroscopy)

ll
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II

The Höga Kusten bridge   
 

The Höga Kusten bridge over the Ångerman river will be one of the world's longest

suspension bridges. The bridge will have a length of 1 800 metres and its towers, which
measure 180 metres above water level, will be Sweden s tallest structure. The bridge will be
completed in the autumn of 1997.

The waterproofing and pavement for this bridge must 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.

To be able to recommend the most suitable system for the bridge, a project was started by the
Swedish National Road Administration as early as 1991. Different waterproofing and
pavement products and systems were discussed and tested, separately and in different
combinations for evaluation. Project Leader and co-ordinator at the National Road
Administration has been Mr Pereric Westergren.

1 Products

The materials studied were:

Epoxy primer system and/or bituminous primer

SBS-modified bituminous sheet, 3.5 mm thick and with a polyester reinforcement

Mastic asphalt, with conventional bitumen and Trinidad Epuré

Mastic asphalt, with SBS modified bitumen

Gussasphalt with conventional bitumen and Trinidad Epuré

Gussasphalt with SBS modified bitumen

' Split mastic asphalt with SBS modified bitumen and fibres

2 Laboratory study

Laboratory testing was performed at the Swedish National Road and Transport Research
Institute (VTI), starting in 1992.

Testing at VTI covered characteristics and performance of the different products and systems
at low and high temperatures. Adhesion (to steel deck and between layers), shear and sliding
resistance were important parameters studied for total built up systems.

Systems with SBS-modified bituminous sheet (3.5 mm thick), SBS modified mastic asphalt
(4 mm) and conventional mastic asphalt (4 mm) were compared.

The conventional mastic asphalt system corresponds to the system which was used in 1981 for
another large Swedish steel bridge, the Tjörn bridge, as a reference to the new polymer
modified systems.

13



3 Test bridge

Eight different systems were laid in 1993 on a steel bridge at Pitsund (further north than the

Hoga Kusten bridge) for evaluation on site and laboratory testing at VTI. Sixteen test areas

(2 m x 2 m) were prepared on the bridge.

3. 1 Laboratory testing

All material used on the bridge was tested at VTI for characteristic and functional

performance. Testing was performed according to BRO 94 test programs for primer and sheet

products. Mastic asphalt and Gussasphalt 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

test (TSRST, at KTH).

Recovered binder was also tested (traditional analysis, chemical analysis (Iatroscan, GPC),

fluorescence microscopy and low temperature BBR analysis).

3.2 Field testing

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 and once in October 1995. The

test areas were visually inspected, mainly for cracks. Severe cracking was observed only for

the reference system, on both test areas.

At the last inspection in October 1995, tensile bond tests were also performed. The results

were generally very good for all systems.
...........................................  

  
Figure 1 Tensile bond test equipment used on the test bridge at Pitsund
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4 Fatigue tests at the Otto Graf Institut

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

,,Dauerschwellbiegepriifung, , from 30°C to +300C, in some cases with the double loading
applied. (Fatigue testing according to ZTV BEL ST 92 is normally performed with a loading
corresponding to 1/600 for the steel bridge construction in reality. The frequency is 2 Herz and
the number of cycles 1 million. Test temperatures used are +200C and 20°C.)

The following polymer modified waterproofing and pavement systems for the Höga Kusten
bridge were tested:

 

Split mastic asphalt 35 mm

Gussasphalt "Polymer" PGJA 8 21 mm SYSTEM 1

Sheet 3.5 mm

Epoxy 500 u (600 g/m2)

Epoxy primer 100 u (100 g/m2)

Steel

lIIIIIIIllllllillllllllllllllll n 35 mm
Gussasphalt "Polymer" PGJA 8 21 mm SYSTEM 2

Sheet 3.5 mm

Epoxy 500 u (600 g/m2)

_Epoxy primer 100 u (100 g/m2)
Steel

Split mastic asphalt 35 mm

Gussasphalt "Polymer" PGJA 8 21 mm SYSTEM 3

Mastic asphalt "Polymer" 4 mm

Sadofoss 300 g/m2

Epoxy 500 u (600 g/m2)

Epoxy primer 100 11 (100 g/m2)

Steel

|||||llllllllllllllllllllllllll n 35 mm
Gussasphalt "Polymer" PGJA 8 21 mm SYSTEM 4

' i» ' _ Mastic asphalt "Polymer" 4 mm

WSadofoss 300 g/m2
Epoxy 500 u (600 g/m2)

_Epoxy primer 100 u (100 g/mZ) 
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Fatigue test results were generally good for all four polymer modified systems and test
temperatures. The reference system did not pass the test at +200C and was therefore not tested
further (at -20°C and 30°C).
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Figure Z

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.

The following tests were performed:

0 Indentation value at 200C (for mastic asphalt)

0 lndentation value at 4OOC (for Gussasphalt)

0 Dimensional stability, 24 hours at 55 0C (for mastic asphalt)

0 Dimensional stability, 24 hours at SOOC (for Gussasphalt)

Binder analysis

0 penetration at 250C and 400C

0 softening point (R&B)

0 breaking point Fraass

. elastio recovery at lOOC

0 GPC analysis
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5 Waterproofing and pavement system for the Höga Kusten
b dge

As a result of research and testing during the project period from 1991 to 1995, a suitable
system for the bridge has been suggested by the Swedish Road Administration.

The public procurement was completed in July 1996. Contractor as well as waterproofing and
pavement system for the Höga Kusten bridge are now official.

Skanska is the contractor.

The waterproofing and pavement system will be in accordance with the SYSTEM 1, described
on page 15, and will be laid during late summer of 1997.
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