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SUMMARY 

The service life of a concrete bridge varies according to in-

ternal and external degradation mechanisms relating to design, 

quality of materials, construction, protective treatment, en-

vironment, traffic effects and loads, and the quality of in-

spection and maintenance. 

Bridge components such as waterproofing and paving are import-

ant in determining the life of the bridge. Effective water-

proofing and paving are of fundamental significance in this 

context. 

A basic requirement is, of course, that the waterproofing is 

watertight. In addition, there must be good adhesion and shear 

resistance to the underlying surface and the protective layer. 

Extensive tests using appropriate techniques are required to 

evaluate the performance of a waterproofing system in the 

laboratory. 

This work outlines waterproofing systems used over the years 

in Sweden. The emphasis is on systems employing polymer 

bitumen sheets. Attention is directed to components such as 

bitumens and polymers in the sheets and their effect on binder 

performance. Properties discussed include softening point, 

penetration, viscosity, low temperature flexibility and aging. 

General requirements on bridge waterproofing systems with 

polymer bitumen sheets are also discussed as are the parti-

cular advantages and disadvantages of various types of bridge 

waterproofing systems. 
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Investigations carried out on polymer bitumen sheets in the 

laboratory and in the field are described. The laboratory in-

vestigations comprise classification tests on sheets, bitumens 

and primers, as well as performance tests on the waterproofing 

system consisting of concrete, primer, waterproofing sheets 

and protective layer. 

The test methods and results described in more detail in this 

investigation concern parameters such as softening point, 

aging, low temperature flexibility, bonding and shear resis-

tance. 

In regard to bonding, the results of laboratory and field 

trials have been compared and a calibration curve for testing 

bonding in the field has been designed. The curve is proposed 

to apply as a minimum limit for SBS bitumen sheets in water-

proofing concrete bridges. 

The investigations described have led to Swedish specifi-

cations and requirements for polymer bitumen sheets designed 

for waterproofing concrete bridges. The specifications and 

requirements are set out in  Bronorm  -88, (the Swedish Road 

Administration standards for concrete bridge construction). 
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1 	INTRODUCTION 

The Swedish bridge population consists of some 25,000 bridges 

with a free span exceeding 3 m. The total deck area of the 

bridges is 5-6 million m2. Approximately half of the bridges 

are maintained by the National Road Administration. The re-

mainder are maintained by municipalities, private bodies or 

the Installations Sector of the Swedish State Railways. 

80% of the National Road Administration's bridges have a con-

crete deck, while 15% have a deck of steel and 5% a deck of 

masonry. (The bridges have an average deck area of 300 m2, 

average length 30 m and average width 10 m. In 1988, the 

volume of investments amounted to some  SEK  700 m. for approxi-

mately 250 bridges, of which about 150 are reinvestments and 

100  (SEK  250 m.) new investments) [1, 2, 3]. 

The average life of the older bridge population is about 

65 years. By introducing various quality improvements, efforts 

have been made to increase bridge life to about 100 years. 

This target is expected to be attained by the following means: 

- Improved quality of concrete 

- Improved air pore system of concrete 

- Impermeable concrete 

- Sufficient concrete covering layers 

- Waterproofing of the concrete deck slab 

- Protective treatment of exposed concrete 

- Draining of the bridge deck 

- Anti-corrosion treatment of steel 

- Inspection, maintenance and repair [3, 4] 

Providing the bridge deck with high quality waterproofing is 

therefore an important measure for increasing bridge life. 
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It is estimated that some 15% of the deck area of the National 

Road Administration's bridges lacks waterproofing. Other 

bridges (about 50%) are waterproofed with membrane water-

proofing and a protective concrete layer, mastic asphalt - 

earlier termed waterproofing asphalt (about 40%) - or 

Bituthene-type waterproofing sheet (about 10%) [3]. In recent 

years, a number of bridges have been waterproofed with polymer 

bitumen sheets. Polymer mastic asphalt has also been used. 

2 	WHY WATERPROOF BRIDGES? 

Concrete is not an "eternal" material. The concrete used in a 

bridge is exposed to the effects of traffic in the form of 

loads, vibrations, mechanical stresses and so on. The in-

fluence of climate, such as large variations in temperature is 

also tangible. It is perhaps less widely recognised that con-

crete is also subject to various degradation processes caused 

by water, de-icing salt and pollution. The degradation process 

may be of a mechanical or chemical nature, resulting in damage 

to the concrete and corrosion of the reinforcement. 

The principal aim of waterproofing is to protect the concrete 

from penetration by water and de-icing salt. To some extent, 

the carbonation process is also delayed. 

Penetration of the concrete by water and de-icing salt may 

lead to reduced durability of the structure in several ways: 

[5, 6] 

- The risk of frost damage increases in the presence of 

chlorides. Usually, damage occurs in the form of scaling. 

- Chlorides may attack the concrete, resulting in swelling 

and/or increased porosity. 
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Chlorides that penetrate the concrete and reach the re-

inforcement may initiate corrosion. When the threshold 

value (critical chloride content) is exceeded at the sur-

face of the steel, corrosion may start, often in the form 

of localised pitting of the surface (chlorides penetrate 

the protective oxide film on the steel). Prestressing steel 

is especially susceptible to corrosion initiated by chlo-

rides. 

- In salting, the surface of the concrete is affected physi-

cally through the effect of thermal shock. 

Air entraining admixtures in concrete lead to less extensive 

frost damage, but concrete damage and corrosion of the rein-

forcement as described above can only be prevented with opti-

mally impervious concrete, perfect waterproofing and an 

effective draining system [5]. 

Similarly, carbonated concrete initiates corrosion of the 

reinforcement. The pH value of the fresh concrete is normally 

about 12, so that the concrete acts as a protective (inert) 

basic environment for the reinforcement. Under the influence 

of atmospheric carbon dioxide, however, the pH value falls 

with time to about 9, whereupon corrosion of the reinforcement 

may occur. In general, the calcium hydroxide in the concrete 

is converted to carbonate according to the following reaction: 

Ca(OH)2  + CO2  -> CaCO3  + H20 

Apart from carbon dioxide and carbonatable material, the pro-

cess also requires a certain amount of moisture. The rate of 

carbonation is highest at 50-60% relative humidity in the con-

crete. In dry concrete and in water saturated concrete, 

carbonation proceeds extremely slowly [5, 6, 7, 8]. 

Atmospheric air contains about 0.05% CO2  and carbonation takes 

place relatively slowly. However, with increased carbon di-

oxide contents in our environment, the rate of carbonation in-

creases. 
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Even if the reinforcement is protected by a "fresh" alkaline 

covering layer, occasional cracks may occur in the concrete. 

Without effective waterproofing, de-icing salt penetrates the 

concrete, causing damage which in turn leads to corrosion of 

the reinforcement. 

With corrosion of the reinforcement, not only the load bearing 

capacity of the bridge is affected. The concrete around the 

corroded reinforcement bursts owing to the increased volume of 

the reinforcement (the corrosion products demand a larger 

space). 

3 	WATERPROOFING SYSTEMS 

The earliest types of waterproofing used for concrete bridges 

in Sweden were mainly: 

- Bitumen coating 

- Coal tar epoxy coating 

- Membrane waterproofing 

Since about 1970, the most common waterproofing method is 

mastic asphalt on ventilating open mesh glass fibre mats. 

Following  Bronorm  -88, waterproofing systems using polymer 

bitumen sheets were introduced. The waterproofing materials 

systems are described below. 

3.1 	Bitumen coating 

Bitumen coating involves pretreatment of the concrete surface 

with bituminous solvent primer, followed by one or two coat-

ings of bitumen. This type of waterproofing, once common, is 

no longer used on bridge decks in Sweden. Impregnation and 

coating with bitumen emulsion was another method in earlier 

use. 
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3.2 	Coal tar epoxy 

Waterproofing with coal tar epoxy has earlier been used for 

entire bridge decks. Today, coal tar epoxy is used only for 

edge sealing. Swedish results of laboratory and field trials 

have shown that coal tar epoxy is unsuitable for waterproofing 

concrete bridges. One of the explanations for this may be 

insufficient low temperature flexibility. Coal tar epoxy is 

also unsuitable from the aspect of the working environment. 

	

3.3 	Membrane 

Up to 1970, waterproofing with membrane and protective con-

crete layer consisting of two layers of mineral fibre felt 

(type YAM 1200/50) with hot applied bitumen was relatively 

common and is still used. In recent years, this method has 

been used as an alternative to mastic asphalt in northern 

Sweden.  

Bronorm  -88 specifies that membrane waterproofing is to 

consist of three layers of bitumen (B85) with two intervening 

layers of mineral fibre felt (type YAP 2500). The bridge deck 

(and the inside of the parapet beam) are pretreated with 

bituminous solvent primer. Edge sealing normally uses bitumen. 

Concrete is used as protective layer. 

Membrane waterproofing without protective concrete is a des-

cription applied to preformed bitumen sheets, such as 

Bituthene (self-adhesive). Also this type of waterproofing has 

sometimes been regarded as an alternative to mastic asphalt. 

It has been used mainly on small bridges and where the dis-

tance between the bridge and the mixing plant causes problems. 

(Mastic asphalt is a perishable commodity). Today, Bituthene 

sheets are not normally used for waterproofing bridges. 
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3.4 	Mastic asphalt (waterproofing asphalt) 

An early type of mastic asphalt was used during the second 

half of the 19th century as a waterproofing layer on a large 

number of vaulted bridges, especially in Germany, France and 

Switzerland (in connection with railway construction). 

This method of waterproofing proved to be unsatisfactory in 

later years and gained a poor reputation. Instead, increasing 

use was made of membrane waterproofing. By the beginning of 

this century, coal tar and bitumen felt were being produced on 

an industrial scale [9]. 

However, mastic asphalt came to be used as a road surfacing 

with increasingly satisfactory results. On the basis of the 

results and the experience gained, new experiments were made 

with mastic asphalt for waterproofing, especially in Great 

Britain and the USA. During the 40s, the technique was also 

developed in Sweden [9]. At first, blistering in the mastic 

asphalt, due to vapourised moisture from the underlying 

surface, was a major problem. A gas dispersion layer beneath 

the mastic asphalt waterproofing was initially considered 

inadvisable owing to the risk of water spreading underneath 

the waterproofing at points where leaks occurred. Subsequent-

ly, tests were made with a ventilating layer e.g. open asphalt 

concrete and impregnated felts, although with unsatisfactory 

results. In other cases, mastic asphalt was applied directly 

on the concrete surface, which was pretreated with 

bituminous solvent primer [9]. 

Since about 1970, mastic asphalt with a glass fibre net for 

ventilation has been used in Sweden. The results have 

generally been good. 

According to  Bronorm  -88, the waterproofing system consists of 

a 10 mm thick mastic asphalt layer on a ventilating glass 

fiber net. Mastic asphalt is a mix of bitumen (possibly with 

the addition of Trinidad asphalt), limestone filler and sand 

(max particle size 2 mm). The inside edges of the parapet are 

treated with bituminous solvent primer. Edge sealing is norm-

ally applied with coal tar epoxy. The protective layer con- 
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sists of dense asphalt concrete, mastic asphalt or concrete. 

Mastic asphalt must not be used on weak constructions (such as 

steel girder bridges) in the northernmost parts of Sweden 

(with a mean daily temperature below -22°C). However, polymer 

mastic asphalt may be used in such areas for a more stable and 

flexible mastic asphalt. 

3.5 	Preformed sheets 

Waterproofing systems with polymer bitumen sheets are today a 

common method in many European countries. Bitumen sheets of 

oxidised bitumen (not polymer modified) are also used. 

There are many variations in regard to system design, material 

quality and execution. The waterproofing system may use one or 

two layers of waterproofing sheet. The sheet is bonded with 

oxidised or polymer bitumen or is welded to the underlying 

surface by melting the bottom layer with the aid of an LPG 

burner. Asphalt concrete or mastic asphalt is applied on top 

of the waterproofing as a protective layer and/or basecourse. 

Various types of waterproofing sheet are produced in thick-

nesses from 2 to 5 mm. The core of the sheet is normally glass 

fibre or polyester (a double core of glass fibre and polyester 

is also manufactured). The core is impregnated with oxidised 

or polymer bitumen and placed in the centre of the sheet or 

towards the upper surface. The upper surface of the sheet is 

treated with talc, sand, granules, or plastic or metal foil. 

The bitumen normally contains up to about 30% filler of lime-

stone, for example.  

Bronorm  -88 introduced waterproofing systems with polymer 

bitumen sheets for concrete bridges in Sweden. Only water-

proofing sheets that have been tested in accordance with the 

prescribed test program may be used. The most common products 

are high-quality SBS bitumen sheets with good thermal stabi-

lity as well as flexibility at low temperatures. 
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The waterproofing sheet must be at least 5 mm thick, with a 

core placed high within the sheet, and is laid in a single 

layer. The bridge deck must be pretreated with a suitable 

primer (bituminous solvent that has been tested together with 

the waterproofing sheet). Today, edge sealing uses coal tar 

epoxy (or waterproofing sheet). Asphalt concrete, mastic 

asphalt or concrete is used as protective layer. 

4 	POLYMER BITUMEN SHEETS 

The Admiralty doctor Arvid  Faxe  is considered to have been the 

inventor of roofing felt. As far back as 1787, he patented a 

product consisting of paper impregnated with iron and copper 

vitriol which was then coated with tar [9]. 

The first bituminous, preformed waterproofing sheets for roofs 

(roofing felt) were introduced at the beginning of this 

century. The product was then improved successively in regard 

to core quality, among other things. In the 60s, modern roof 

design (with lightweight roofs and flexible structures) began 

to set higher demands on waterproofing and significant devel-

opment of the product took place with the addition of polymers 

to the bitumen. The product gained a wider temperature range, 

becoming more flexible at low temperatures and more stable at 

high temperatures, besides having improved mechanical proper-

ties. Polymer bitumen sheets thus became a feasible alterna-

tive for waterproofing concrete bridges, among other structu-

res. In principle, two types of polymer bitumen are used in 

waterproofing sheets for roofs and bridges: 

- SBS bitumen (modification with styrene butadiene styrene, 

a thermoplastic  elastomer).  

- APP bitumen (modification with atactic polypropene, an 

amorphic plastomer). 
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Various other  elastomers  (such as polybutadiene, styrene buta-

diene, natural rubber, ethene-propene and polyisobutene) have 

been tested, but without satisfactory results [10]. 

4.1 	Bitumen in general 

From the chemical aspect, bitumen is a very complex system. In 

general, it can be divided into four groups: 

Asphaltenes. High molecular 

- Saturated (aliphatic) oils. 
contain paraffins.  

fraction of complex structure. 

Low polar fraction. May also 

- Aromatic oils. Polar fraction. 

- Resins. Similar structure to asphaltenes, but with lower 
molecular weight. Highly polar. 

On the basis of this classification, the structure of the bi-

tumen may be seen in simple terms as a colloidal suspension of 

asphaltenes in a medium of saturated and aromatic oils and 

resins. Such a medium is also termed  maltenes.  The asphaltenes 

form micelles in the oil phase, where the resins stabilise the 

asphaltene dispersion [11]. 

Bitumen occurs in the form of natural asphalt or through the 

distillation of crude oil (petroleum, petro = rock, oleum = 

oil) [12]. As far back as 3000 BC, natural asphalt was being 

used for waterproofing buildings. About 1550, extraction of 

bitumen through distillation of petroleum is mentioned [9]. 

Natural bitumen is petroleum which has been "naturally di-

stilled" over millions of years and has penetrated to the 

ground surface. Natural asphalt usually contains fine mineral 

particles of volcanic or other origin. The best known is 

Trinidad asphalt, which is extracted on the island of Trinidad 

off Venezuela. Trinidad Epurä is used as an additive primarily 

in the production of mastic asphalt. 
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Bitumen from crude oil can roughly be classified into 

distilled and oxidised bitumen. Distilled bitumen is normally 

used for road construction (less oxidised, semi-blown bitumen 

is also used). Oxidised bitumen is principally used in water-

proofing, as in the manufacture of bitumen sheets for roofs 

and bridges. 

From the chemical aspect, crude oil mainly consists of hydro-

carbon compounds. Small amounts of other compounds containing 

oxygen, nitrogen and sulphur also occur, as well as traces of 

metals such as nickel, vanadium and iron. Depending on its 

structure, the hydrocarbon compounds in crude oil may be 

divided into paraffins, naphthenes or aromatics. The quanti-

tative distribution of these compounds is a possible basis for 

classification of crude oil into four groups [12]: 

- Paraffin based type 

- Mixed base type 

- Naphthene base type 

- Aromatic base type 

Bitumen is obtained as a by-product in the fractionated 

distillation of crude oil. The more the oil that is 

distilled off, the harder will be the bitumen product. 

A harder distilled bitumen can be softened by fluxing with 

oil. A softer bitumen can be made harder by blowing with air 

at high temperatures. Through this oxidation process, the 

oxygen serves as a catalyst in a polymerisation that leads 

to an increased asphaltene content. An oxidised bitumen may 

have poorer colloidal stability, which may lead to exudation, 

i.e. the products "sweats" oil [12]. 
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4.2 	SBS bitumen 

SBS is a styrene-butadiene block copolymer (Figure 4.1). 

SBS  elastomers  (i.e. (SB)n  block copolymers) consist mainly of 

polybutadiene blocks, linked at every end to polystyrene 

blocks. The chemical bond between the two polymers (polybuta-

diene and polystyrene) prevents these incompatible substances 

from separating into two different phases. Only locally do the 

"outer" polystyrene blocks form smaller domains that crosslink 

the butadiene chains in a three-dimensional network (Figure 

4.1). Unlike the network in vulcanised rubber, this network 

can be dissolved by heating to temperatures above the glass 

transition temperature of polystyrene (Figure 4.2) or by the 

addition of a suitable solvent [10, 13]. 

SBS bitumen is manufactured by mixing SBS polymer (about 10-

15% for polymer bitumen sheets) in a bitumen compatible with 

the polymer. The polymer is mixed with bitumen at about 180°C. 

This causes the polystyrene blocks to melt (the viscosity of 

the mix is lowered) while the polybutadiene blocks swell 

through interaction with compatible bituminous oils. The 

swelling depends to a certain extent on the composition of the 

bitumen, but mostly on the mixing temperature. During 

swelling, the mass of the  elastomer  increases by a factor of 

6-9 [13]. 

The mix thus consists of a two-phase system; a polymer-rich 

phase and an asphaltene-rich phase. The properties of the mix 

are dominated by the continuous polymer phase (Figure 4.3). 

The polymer forms a three-dimensional network in the polymer-

rich phase which becomes continuous at 5-8 % by weight of 

added polymer. (The required content depends on the type of 

bitumen) [14]. 



POLYSTYRENE 	POLYBUTADIENE 

(S) 	 ( B) 

C 

C 	H 
H  

I  4#4.11  
H  

POLYSTYRENE  

(S)  

Polystyrene 
domain—, 

Polybutadiene 
rubbery matrix 

12 

The volume of the polymer-rich phase is dependent on tempera-

ture. During cooling, some of the bitumen oils leave the 

phase, which is, however, normally continuous. At high tempe-

ratures, the mix behaves as a liquid. During cooling, the net-

work is reformed. The temperature at which this takes place 

depends mainly on the aromatics content of the  maltenes  and 

the molecular weight [13]. 

Characteristics of a commercially available SBS  elastomer  are 

shown in the table in Figure 4.4. 

Figure 4.1. SBS, chemical structure and phase structure 

(Ref. 11). 



Tg  polybutachene phase Tg  polystyrene phase 
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Glass transition temperature  (Tg)  
of random and block 
styrene-butadiene copolymers  

Figure 4.2. Glass transition temperature for  SER  (Ref. 10). 

Figure 4.3. Structure of  SES  bitumen (Ref. 15). 
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Chemical composition 

Styrene 	 (weight  `Y.) 	30 

Butadiene 	 (weight %) 	70 

Stabilizer 	 non staining 

Physical form 

Small white crumbs 
White powder  (SOL  T 161-P) 	Max. dim. 	800  p  
Properties of raw polymer (*) 

Specific gravity 	 g/cc 	 0.94 

Inherent viscosity (0.5% in 
toluene at 30  °C) 	 cc/g 	 1.30 

Molecular Weight 	 Mw 	 350,000  
Mn 	 140,000 
Mw/Mn 	 2.5 

300% Modulus (°) 	 MPa 	 3 

Tensile strength  (b) 	 MPa 	 15 

Elongation at break (') 	 % 	 700  

Hardness  (b) 	 IROH 	 90 

	

(a) Typical values 	(b)  Values obtained on compression moulded slab 
to)lowing procedure ASTM  D  2292. 

Figure 4.4. Table of characteristic properties of an  SES 

elastomer  (Ref. 10). 

4.3 	APP bitumen 

APP stands for Atactic PolyPropene, an amorphous, noncrystal-

line form of polypropene. APP is obtained as a by-product in 

the polymerisation of propene, i.e. production of IPP (Iso-

tactic PolyPropene), which has a crystalline form. 

In the distillation of oil, propane is obtained which gives 

propene after cracking. Polypropenes can be divided into two 

main groups: 

The  homopolymer  polypropene, with a molecular chain formed 
of identical propene elements. 

The copolymer ethene propene, with a molecular chain formed 
of propene and ethene elements. 
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These two main groups have different physical and chemical 

properties and are both termed polypropenes. The structure of 

the molecular chain determines its classification. 

When hydrogen atoms are randomly located on both sides of the 

molecular chain, the configuration is termed atactic (amor-

phous and soft), unlike an isotactic configuration (crystal-

line and stiff) where the hydrogen atoms are located on one 

side of the molecular chain (Figure 4.5). 

Normally in IPP manufacture, about 95% IPP and 5% APP is ob-

tained. However, the proportion of APP is decreasing in pace 

with improvements in IPP production technique. The avail-

ability of APP will thus become successively reduced, which 

may prove a problem for manufacturers of APP bitumen products. 

Production of APP by itself is a more costly alternative. How-

ever, several firms have started manufacture and sales of 

specified APP. 

APP is a plastic product. In the manufacture of APP bitumen 

for waterproofing sheets, an admixture of about 30% APP is 

normally used (20-30% is required for a continuous network to 

be formed). The APP swells in the bitumen's  maltene  phase. The 

continuous APP phase thus constitutes a stabilising network in 

the  maltene  phase, whereby the asphaltenes are dispersed [16]. 

The APP additive may consist of APP homopolymers, APP copo-

lymers and IPP in varying amounts. These are mixed either in 

connection with the manufacturing process itself or are 

available on the market as a ready-mixed APP "cocktail" [17]. 

Some manufacturers have produced up to 200 different mixing 

formulae for one and the same end product. The choice will 

depend on the available APP products. Furthermore, the mixing 

formula is adjusted with regard to the particular bitumen. 

This "balancing act" concerning the ingredients and choice of 

mixing formula demands the most careful control of the bitumen 

and APP products, as well as the end product [18]. 
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Figure 4.5. Structure of polypropene and APP bitumen 

(Ref. 15). 

4.4 	Characteristic properties of polymer bitumen 

Bitumen is a visco-elastic product with strongly temperature-

related properties. Subjected to slow loads (stress) and high 

temperatures, it is viscous, while under rapid loads and low 

temperatures it is elastic. With the addition of polymers, the 

bitumen product can be made less temperature-sensitive, at the 

same time as its functional properties are improved. 

The polymer additive must not result in an excessive increase 

in the viscosity of the bitumen mix and must be chemically 

compatible with the bitumen (so that phase separation does not 

occur). 

Polymer bitumen differs in many ways from distilled and oxi-

dised (blown) bitumen. The following characteristic values 

apply for SBS and APP bitumen, as well as oxidised bitumen in 

commercially available bitumen sheets: 
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SBS 
bitumen 

APP 
bitumen 

Oxidised 
bitumen 

Softening point, 	R&B, 	(°C)  
Penetration, 	25°C, 	(0.1 mm) 

100-130 
30-50 

140-150 
40-50 

85-100 
25-40 

Breaking point, 	Fraass, 	(°C)  -20 to -60 -15 to -20 -10 to -15 
Tensile strain, 	(%) 
Elastic limit at ambient 
temp. 	(%) 
Flexibility, 	bending test,  (°C)  

up to 

100 
-30 

3000 up to 

5 
-10 

1000 up to 

0 

140 

[Ref. 11, 15] 

The diagram in Figure 4.6 shows how modified bitumen, di-

stilled bitumen and oxidised bitumen behave in the temperature 

range - 50 to 250°C. 

Figure 4.7 describes the stiffness modulus at two different 

temperatures for representative SBS and APP bitumens. 

Penetration (0,1 mm)  

Figure 4.6. Heukelom diagram for bitumen and polymer 

bitumen (Ref. 11). 
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Figure 4.7. Stiffness modulus for SBS and APP bitumen at 23 

and 50°C (Ref. 11). 

Like bitumen, polymer bitumen has a number of properties im-

portant for waterproofing purposes: 

Impermeability 

- Resistance to chemical and microbiological attack 

- Compatibility with other natural construction materials 

In addition, polymer modification offers the following advan-

tages compared with non modified bitumen: 

- Usability over a wider temperature range 

- Improved resistance to mechanical action 

Compared with APP bitumen,  SES  bitumen has better properties 

in terms of: 

- Elasticity 

Flexibility at low temperatures 

- Fatigue 

- Resistance to permanent deformation 



19 

	

4.5. 	Important factors for properties of SBS 

bitumen sheets 

In the manufacture of polymer bitumen sheets, the properties 

of the binder are of great significance. These properties are 

determined largely by the type and content of polymer, as well 

as by the composition of the bitumen. Other parameters of im-

portance are mixing time, temperature and technique. A further 

decisive parameter for the final property of the polymer bitu-

men sheets is the combination of polymer bitumen and core. 

As mentioned earlier (Section 4.2), the properties of the 

polymer bitumen mix are determined mainly by the properties 

of the continuous (polymer-rich) phase, as well as by the 

asphaltene-rich phase, especially if this is highly concen-

trated. 

An SBS bitumen can, in principle, be  tailormade  in regard to 

its properties if manufactured in the correct way from the 

thermodynamic aspect (type and quality of bitumen and polymer) 

and the kinetic properties (mixing procedure). However, it 

should be noted that an improvement in one property is often 

achieved at the expense of another. The final balance in the 

SBS bitumen mix is thus always the outcome of a compromise. 

The SBS bitumen product becomes more elastic if the poly-

butadiene is highly dissolved and at the same time there is 

low swelling of the polystyrene domains [19]. 

	

4.5.1 	Influence of the bitumen  

As stated before (Section 4.2), the composition of the bitumen 

may be of decisive importance for the properties of the poly-

mer bitumen mix. Aromaticity, asphaltenes content and mean 

molecular weight are vital parameters in this context. 
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Investigations carried out at Shell [14] and at Enichem [19] 

have shown that: 

Variations in the penetration value of the base bitumen 

influence the penetration value of the polymer bitumen to 

a corresponding degree [14]. 

Penetration decreases heavily with increased asphaltenes 

content. In this respect, the  maltenes  phase is generally 

of less importance. However, a low asphaltenes content in 

combination with a high aromatics content may give rise 

to relatively high penetration values [19]. 

- The softening point of the polymer bitumen is greatly in 

fluenced by the aromaticity of the base bitumen, but to a 

lesser extent by its hardness. Bitumens with a high aro-

matics content and low molecular weight result in polymer 

bitumen mixes with a relatively low softening point (Figure 

4.8). 

The softening point increases noticeably with increasing 

content of saturated oils (saturates). Above a certain 

level, other bitumen components (Section 4.1) have no 

measurable influence. At low content of saturates, however, 

the softening point falls as the aromatics and asphaltenes 

content increases. For resins, the situation is the oppo-

site (Figure 4.9). 

- The viscosity of polymer bitumen at high temperature (e.g. 

180°C) is highly influenced by the mean molecular weight of 

the base bitumen (Figure 4.10). 

With a "suitable" proportion between the  maltenes  phase and 

asphaltenes phase, the mixing viscosity can be minimised. 

Bitumens with a relatively high aromatics content should be 

avoided. Bitumens with a high asphaltenes content require a  

maltenes  phase that is relatively rich in resins (Figure 

4.11) [19]. 

- Low temperature flexibility and stress-strain properties 

are influenced to a lesser extent by differences in the 

composition of the base bitumen. 
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Figure 4.8. Effect of the aromaticity and molecular weight 

of the base bitumen on the softening point of 

the polymer bitumen mix (14% Cariflex TR-1101) 

(Ref. 14). 

Figure 4.9. Influence of the composition of the bitumen on 

the softening point of the SBS bitumen mix 

(Ref. 19). 
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Figure 4.10. Effect of the mean molecular weight of the base 

bitumen on the viscosity of the polymer bitumen 

mix (14% Cariflex TR-1101) (Ref. 14). 
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Figure 4.11. Influence of the composition of the bitumen on 

the viscosity of the SBS bitumen mix (Ref. 19). 
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In the production of polymer bitumen, only compatible products 

can be used, which in simplified terms means that the polymer 

must be soluble in the particular bitumen. Only certain bitu-

men fractions, especially the aromatic  maltenes  phase, can 

dissolve the polymer. A bitumen suitable for waterproofing 

purposes should therefore have such a high aromatics content 

that the polymer product is homogeneous and elastic. An exces-

sive aromatics content gives a homogeneous but non-elastic 

mix, while an inadequate aromatics content gives a hetero-

geneous product (Figure 4.12). 

Figure 4.12. Solubility of the polymer as a function of the 

aromatics content of the bitumen for a linear 

SBS (15% mix) (Ref. 20). 

The asphaltenes content is significant for the properties of 

the polymer bitumen. The general view is that there should be 

a minimum of asphaltenes in the base bitumen, at least with 

low polymer contents. (This statement probably requires modi-

fication, since certain bitumens result in better low tempera-

ture properties at comparatively low asphaltenes contents). 
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For reasons of compatibility, it is generally inappropriate to 

use a base bitumen with a high asphaltenes content; an excess-

lye content can lead to precipitation or gelling upon the 

addition of the polymer. This is because both the polymer and 

asphaltenes phases "need"  maltenes.  A certain amount is ab-

sorbed by the polymer phase, which may result in precipitation 

of the asphaltenes, so that the mix is impossible to work. An 

inadequate asphaltenes content may in turn lead to the polymer 

absorbing so much  maltenes  that the mix may turn into a single 

phase in an extreme case. 

4.5.2 	Significance of the polymer 

SBS polymers differ from each other in regard to molecular 

weight, molecular weight distribution and molecular structure. 

The molecular structure may be linear or radial. A radial 

polymer has a stronger reinforcing effect than a linear poly-

mer. The proportion between styrene and butadiene (e.g. 30/70) 

is a very important parameter. The styrene phase determines 

the stiffness of the finished product. However, an excessive 

proportion of styrene may create problems in dissolving the 

polymer in the bitumen [10, 13]. 

The molecular weight and structure of the polymer influence 

its solubility. The polymer-rich phase may, as already men-

tioned (Section  4.2), form a continuous network in the poly-

mer-bitumen mix at 5-8% by weight of polymer. The network is 

best created with single-elastomer  mixes or with mixes con-

taming similar  elastomers  [13, 14] 

The morphology of the SBS bitumen mix depends both on polymer 

content and molecular weight. Polymers with a sufficiently 

high molecular weight form a continuous phase in the SBS mix 

at lower concentrations than is the case with polymers of low 

molecular weight [19]. 



25 

The penetration of the modified binder is influenced mainly 

by the content of polymer, while the softening point and 

viscosity are also influenced noticeably by the size of the 

polybutadiene block (Figure 4.13) [19]. 

The ductility of the bitumen is changed by the polymer limit-

ing its flowing properties. At higher temperatures, ductility 

may be lower (than without the addition of SBS) but at lower 

temperatures it improves owing to higher flexibility [13]. The 

best flexibility at low temperatures appears to be obtained 

with  elastomers  having a low or medium molecular weight [14]. 

Effect of Cariflex TR-1101 content on blend viscosity 
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Figure 4.13. Increase in viscosity as a function of SBS 

content (Cariflex TR-1101) (Ref. 13). 

4.5.3 	Significance of the mixing process  

In the industrial manufacture of SBS bitumen, various types 

of mixing equipment are used. The mixing time may be from 1 

to 24 hours [19]. Long mixing times combined with high tempe- 

ratures may have a negative effect on both the bitumen and 

polymer [10]. 
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Fast and efficient mixing technique is therefore desirable. 

Mixing equipment that gives a well dispersed SBS bitumen mix 

with fully satisfactory properties in only 30 minutes has been 

reported [21]. 

After the addition of SBS in the mixing process, the viscosity 

of the mix increases. The polymer phase soon becomes con-

tinuous. The viscosity continues to increase (through swelling 

effects) until a maximum is reached. With further mixing, the 

viscosity decreases before increasing again. The SBS mix is 

considered to have achieved its best properties at this maxi-

mum. The mixing time will depend on the type and quantity of 

SBS and bitumen respectively. Furthermore, the physical shape 

and size of the SBS polymer is important [19]. 

Normally, the mixing process takes place at about 180-200°C 

until a satisfactory degree of dispersion has been achieved. 

The degree of dispersion can be controlled with the aid of 

fluorescence microscopy, for example, whereby the polymer 

fluoresces (yellow-green). With a satisfactory degree of dis-

persion, the polymer forms a continuous network in the bitu-

men, otherwise it appears as islands or fields. Fluorescence 

microscopy is considered to be very suitable for judging the 

degree of dispersion in SBS and APP bitumen mixes [17, 22]. 

4.6 	Aging of polymer bitumen 

Polymer bitumen is subject to aging, the major factors in 

this respect being heat, oxygen and ultra-violet light. 

A non-modified bitumen ages through chemical changes in its 

composition. The content of aromatic oils decreases (these 

oxidise easily through double bonds) while the content of 

asphaltenes increases. 
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The polymer as such also changes chemically through aging. 

The aging process of the SBS  elastomer  results in new bonds 

between molecules. 

In the long term, the network is broken down and the polymer 

loses its elasticity. 

Naturally, the polymer in the polymer bitumen mix also changes 

with time. The polymer is oxidised, which results in a broken 

chain and shorter molecules. On the other hand, intermolecular 

reactions in the polymer are considered less likely since the 

polymer is distributed in the bitumen, which is also reactive. 

The susceptibility to aging of the polymer bitumen depends 

consequently on the choice of raw materials, as well as the 

manufacturing process. The aging sequence cannot be prevented, 

but it can be delayed through the addition of suitable stabi-

lisers (anti-oxidants). 

The aging process of the SBS polymer can be observed with the 

aid of GPC (Gel Permeation Chromatography). Comparative GPO 

analyses before and after heating (200°C) bitumen and SBS 

bitumen for up to 24 hours have been studied. The results show 

that the asphaltenes content in the bitumen component in-

creases and that the polymer successively breaks down at a 

rapid rate, despite the addition of stabilisers. If heating 

takes place in an inert environment (nitrogen), however, the 

change in both the bitumen and the polymer components is 

slight [23]. 

The influence of aging on the properties of the polymer bitu-

men can be determined by testing parameters such as softening 

point (ring and ball), penetration (25°C) and low temperature 

flexibility. 

Natural aging can be simulated and accelerated in the labora-

tory using a more or less complex technique to produce arti-

fical aging. 
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Normally, artificial aging in the laboratory utilises the 

UEAtc standard [24], which implies heated storage at 70°C for 

6 months, This is considered to correspond to about 25 years' 

natural aging on a roof. 

The effect of UEAtc aging on the softening point and flexi-

bility of SBS and APP bitumen is illustrated in Figure 4.14. 

However, large variations occur (Section 6.2.1). 

Opinions are divided when it comes to the agreement between 

accelerated heating (6 months at 70°C) and natural aging of 

SBS bitumen [19, 22, 25, 26]. 
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Figure 4.14. Influence of aging according to UEAtc on 

softening point (ring and ball) and low 

temperature flexibility (Ref. 15). 
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5. 	GENERAL REQUIREMENTS ON BRIDGE WATERPROOFING 

SYSTEMS WITH POLYMER BITUMEN SHEETS 

As mentioned earlier (Section 3.5), waterproofing systems 

with polymer bitumen sheets are used in many European 

countries. The design of the systems varies from country to 

country, as do the requirements specifications and testing 

programs [27, 28, 29, 30, 31, 32, 33, 34]. The variations 

are due to factors such as: 

Climatic conditions 
- Earlier results 
- Economic aspects 
- Tradition and philosophy 

	

5.1 	Requirements on waterproofing 

Providing a bridge deck with a durable waterproofing system 

is a task that involves considerable difficulty since the 

waterproofing must have a number of properties that partly 

conflict with each other. The waterproofing must be adapted 

to the underlying surface and overlying layer, as well as to 

other bridge components. Simple and quick application is 

desirable since the weather plays an important part in this 

context. 

Among the requirements on the waterproofing system, impermea-

bility is the most important (Section 2). In addition, there 

must be adhesion to the underlying surface, while the bonding 

both to this and to the protective layer must have satis-

factory shear resistance. 

In the event of incomplete bonding to the underlying surface, 

blistering may occur through the influence of air, water 

(residual moisture in the concrete or small amounts of water 

on the concrete), or residual solvents from the primer. 

Blistering occurs if the vapour pressure increases under the 

influence of solar heat. 
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Neither water vapour nor solvents can pass through the water-

proofing and there is no ventilating layer in the waterproof-

ing system. 

Inadequate shear resistance between the protective layer and 

the waterproofing may lead to cracking in the paving and 

damage to the waterproofing. The highest shear forces are 

caused by braking vehicles. Increased temperatures and steep 

gradients on the bridge lead to an increased risk of shearing 

(sliding). Shear stress occurs under simultaneous influence by 

normal forces (vertical forces) from the traffic and the 

paving. The waterproofing has to transmit shear forces to the 

concrete without being damaged or sliding on the underlying 

surface (concrete, primer) or overlying protective layer 

(asphalt concrete, mastic asphalt). 

Because cracks and crack movements occur in the concrete, the 

waterproofing must have a certain crack-bridging ability. This 

can be achieved with full bonding and materials with high 

elasticity and relaxation. In general, loose waterproofing can 

also be considered to have a good crack-bridging ability. 

If the level of ambition is high, the following requirements 

can be set on "ideal" waterproofing: [35, 36]. 

General requirements 

- Impermeability 

- Resistance to de-icing salt and alkalis, as well as acids, 

oil and grease in certain cases 

- Resistance to high and 

- Resistance to aging 

- Vapor permeability 

- Homogeneous material 

- Even thickness 

- Thin system 

low temperatures 
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Requirements on underlying surface and paving 

Crack-bridging ability (cracks, crack movements and minor 

unevenness) 

- Adaptability to underlying surface 

- Chemical and physical compatibility with underlying and 

overlying materials 

Good bonding to underlying and overlying surfaces 

Shear resistance to underlying and overlying surfaces 

- Compatibility with different types of paving 

- Even surface (for draining) 

Requirements on application procedure 

Simplicity of application 

Harmless to underlying surface 

- Trafficability (heavy vehicles used during installation) 

Resistance to perforation (sharp stones are pressed into 

the waterproofing when a protective binding layer of 

asphalt is applied) 

- Good possibilities for connection to drainage systems and 

parapets 

- Usability on steep gradients and vertical surfaces 

- Ease of repair 

5.2 	Requirements on paving 

Pavings on bridges are particularly exposed. The paving, 

which for reasons of cost is comparatively thin, is subject 

not only to traffic loads and damage by water and de-icing 

salt, but also to effects special to bridges, such as 

vibrations. 
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Within a short period, the temperature may fall by up to 30°C, 

since cooling takes place from both the top and bottom of the 

bridge deck. When solar radiation is especially intense on the 

black asphalt surface, relatively large temperature differ-

ences may occur between the top and bottom of the deck [37]. 

For "slim" designs of bridge, the thermal stresses may give 

rise to oscillations that propagate in the bridge structure 

through resonance. Where bridges cross watercourses, relative 

air humidity is occasionally 100% at the bottom of the struc-

ture, with capillary water transport into the deck slab as a 

result [37]. 

Asphalt concrete and/or mastic asphalt is normally used as 

protective layer (binding layer) and wearing course. 

6 	TESTING AT THE VTI 

Since 1970, the most common waterproofing method in Sweden has 

been mastic asphalt (on glass fibre nets). 

However, mastic asphalt is susceptible to cracking at low 

temperatures in certain structures and more flexible water-

proofing systems have been sought, such as polymer bitumen 

sheets. 

To be able to evaluate the very large number of different 

waterproofing sheets on the market, a proposal for a testing 

program has been drawn up. The basis for the program consisted 

of literature surveys, personal contacts with manufacturers, 

researchers and commissioning bodies, as well as extensive 

laboratory tests at the VTI. The preliminary studies were made 

during 1985-1988 and led to the introduction of specifications 

and requirements for polymer bitumen sheets set out in  Bronorm  

-88 (see Tables 6.1 - 6.3). 
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In the initial stage of the preliminary study, waterproofing 

sheets of various materials (e.g. oxidised bitumen, polymer 

bitumen, butyl rubber) were investigated. The most interesting 

alternative was found to be polymer bitumen sheets, and a new 

series of trials started with tests on  SES  and APP bitumen 

sheets alone. The study was completed in 1988. 

From 1988, relatively extensive laboratory testing of polymer 

bitumen sheets for waterproofing bridges has taken place at 

the VTI. A number of field tests have also been carried out in 

connection with these. 

The laboratory tests have been performed in accordance with 

the program (Section 6.1). According to  Bronorm  -88, a product 

that meets all the specifications in this test and has shown 

"acceptable results" in test application on at least two test 

bridges in regard to applicability etc, may be laid on Swedish 

road bridges. The product will be entered in  Bronorm  as an 

"approved product". (This list of approved products is revised 

each year, with random tests being made during the year and 

the results taken into account). 

6.1 	Testing program 

The testing program currently comprises general testing (of 

the waterproofing sheet), testing of the polymer bitumen and 

primer and the functional testing of the waterproofing system 

(concrete, primer, waterproofing sheet and protective layer). 

See Tables 6.1 - 6.3. Previously, there have been no proper 

specifications or standards for bridge waterproofing sheets in 

Sweden. 

Appendixes 1A, 1B and 1C provide a brief description of the 

relevant testing methods, together with comments. 
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Table 6.1 	Requirements on weldable polymer bitumen sheets. 

Waterproofing sheet (from  Bronorm  -88, Ref. 38). 

Testing 	 !Requirements Comment 

I. Thickness 	, > 5.0 mm The individual values may deviate by + 0.5 mm  fromt  
the nominal value. (Without granules)— 	 i  

2.  Mass per unit 
area  

Advertised The average measured values may deviate from the 
nominell  value by + 10% (sheets without granules) _ 

+ 15% (sheets with granules) _ 

3.  Tensile strength 
and 

> 800  N  23°C, 100 mm/min 
-20°C, 10 mm/min 

Length between jaws: 100mm ' 
Width: 50 mm 

Same requirements in both 
directions. 

Elongation > 40 % _ 23°C, 100 mm/min 

> 20 % — -200C, 10 mm/min 

4.  Tensile strength > 650  N  
of joints 

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

5.  Flexibility -20°C 0 30 mm 

Single cracks, depth < 0.5mm, 
accepted. 

-10°C After artificial 
ageing 6 month, 
70oc. 

6.  Dimensional 	< 0.40 % _ 
stability 	< 0.25 % _ 

shrinkage 

permanent 
elongation 

After 28 days at 70°C 

7.  
i- 

Heat resistance 	< 0.5 mm After 2 hours at 100°C 

8.  
- 
- 
- 

"Resistance to": 
Water 
De-iceing salt 
Alkali 

Max change in weight 1.0% (without 
granules). No visible changes on 
sheet nor reinforcement. 

After 6 months at room 
temperature. 

9.  Resistance to 
indentation and 
dynamic water- 
pressure 

No 
leakage 

Height: 200 mm 
Weight: 1.0 kg 
900 	conical point 
0.5 MPa 
1000 pulses 

Granules are removed' 
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Table 6.2 	Requirements on weldable polymer bitumen sheets. 

Bitumen, primer (from  Bronorm  -88, Ref. 38). 

Testing 
	 Requirements Comment 

10. Bitumen 
Softening (RoB) 
	

> 1200C 
point 

Change in 	 max 100C 
softening point 

Chem.compatibility max 100C 
Change in softening 
point 

11. Primer 
Water repelling 
ability 

After 6 months at 700C 

After 3 months at 500C 
with sealant 

Must be water-repellent 

Table 6.3 	Requirements on weldable polymer bitumen sheets. 

Function testing (from  Bronorm  -88, Ref. 38). 

Testing Requirements Comment 

12. Tensile bond 
between 
waterproofing 
and: 

- 	Concrete 

> 1.0 Nimm2  — 
After ageing: Load: 200 N/s 

Testarea  0: 50 mm 

Tested at roomtemp. 

Thermal shock;  
De-iceing salt (10d); 
700C, /21d); 
Freezing-thawing 
cycles (7) 

- 	Asphalt concrete 
(MAB  4T) 

- 	Mastic asphalt 

>0.5  N/ 	m2 _  Applic.temp. 1500C 

> 1.0  N/ 	m2 Applic.temp. 2400C 

- 	Sealant > 1.0 N/mm 2  
_ 

After thermal 
shock 1500C 

13. Shear resistance > 0.15 N/mm2  _ 
after 10 mm 
"sliding" 

After 3 months 
at 500C 

Shear rate: 10 mm/min 
Area: 2x(155 mm  x  115 rnm)., 
Vertical pressure:0.07N/mm2  
Tested at roomtemp. 

14. Crackbridging 
ability 

No cracks 
after 1000 pulses. 
Loss of bonding 
<0.5 mm 

Testtemp: -200C 
Amplitude: (0.5-0.7) mm 
Frequency: 1Hz 

No cracks 
after 500 
pulses. Loss 
of bonding 
< 0.5 mm 

After ageing: 
Thermal shock; 
De-iceing salt (10d); 
700C, (21d); 
Freezing-thawing 
cycles (7) 
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6.2 	Laboratory testing 

A number of products have been tested in accordance with the 

relevant testing program. The product group contains about 

30 SBS and 6 APP bitumen sheets originating from 10 manu-

facturers in Sweden, Denmark, Germany, France and Belgium. On 

the basis of the tests results obtained, certain products have 

been altered by the manufacturer in the process of this work. 

This has been done in order to improve product characteristics 

such as low temperature flexibility, aging, bonding and shear 

resistance. In an extreme case, six product variants from one 

and the same manufacturer have been studied. 

The following applies generally to the bitumen sheets tested: 

- The bitumen comes from different suppliers (e.g.  Nynäs,  

Neste, Elf,  Fina  and Esso). 

- The polymer content is approx. 10-15% by weight for  SES  

products and 30-35% by weight for APP products. 

- The core is of polyester or polyester and glass fibre, and 

is impregnated with oxidised bitumen or polymer bitumen. 

The total weight of the core is about 200-300 g/m2. 

- The filler is usually limestone filler. The content is less 

than 35% by weight. 

- The upper surface of the sheet is coated with sand, talc or 

granules. 

Selected products have been summarised in Table 6.4. 

A wide range of test results has been obtained. This section 

describes and discusses a number of these results. 
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Table 6.4. 	Polymer bitumen sheets tested. 

Information obtained from the manufacturer 
	

Determined in the laboratory 

Sheet 	Bitumen 
	

Core 
	

Filler 	Upper surface 	Thickness 	Weight 
Total 

(man) 

Under 
core 
(Elm) 	• (kg/m2) 

Al SBS-modified Polyester 	(250 g/m2) Limestone Talc 5.3 3.0 6.06 

(30 	%) 

A2 SBS-modified Polyester 	(200 g/m2) Limestone Sand 5.0 3.6 6.32 

Glass fibre 	(50 g/m2) 

A3 SBS-modified Polyester 	(200 g/m2) Limestone Sand 5.1 3.2 6.15 

(12% SBS) Glass fibre 	(50 g/m2) (< 30%) 

A4 SBS-modified Polyester 	(200 g/m2  Limestone Sand 5.0 3.5 5.94 

Glass fibre 	(50 g/m2) (< 30%) 

A5 SBS-modified Polyester 	(200 g/m2) Limestone Sand 5.2 3.0 6.29 

(12%  SES)  Glass fibre 	(50 g/m.2) 

A6  SBS-modified Polyester 	(200 g/m2) Limestone Sand 5.0 3.2 6.38 

(12% 	SBS) Glass fibre 	(50 g/m2) 

Bl  SBS-modified Polyester (110 g/m2) Granules 3.5 1.8 5.88 

(10% SBS) Glass fibre 	(50 g/m2) (shale) (4.8)* 

B2 SBS-modified Polyester 	(250 g/m2)  Limestone Granules 5.0 3.0 7.41 

(11% SBS) (30%) 

B3 SBS-modified Polyester 	(250 g/m2) Limestone Sand 4.9 3.4 5.77 

(11% 	SBS) (30%) 

B4 SBS-modified Polyester (250 g/m2) Limestone Sand 5.1 3.0 6.41 

(11% 	SBS) (30%) 

B5  SBS-modified Polyester 	(250 g/m2) Limestone Sand 5.0 3.0 6.35 

(11% SBS) (30%) 

Cl  SBS-modified Polyester 	(300 g/m2) Limestone Sand 5.0 3.0 5.62 

(12.7% SBS) (15%) 

C2 SBS-modified Polyester 	(300 g/m2) Limestone Sand 5.0 3.0 6.07 

(12.7% SBS) (35%) 

C3 SBS-modified Polyester (300 g/m2) Limestone Sand 5.1 3.0 5.73 

(12.7% 	SBS) (35%) 

C4  SBS-modified Polyester 	(300 g/m2) Limestone Sand 5.0 2.4 5.68 

(13.7% SBS) (32%) 

Dl SBS-modified Polyester Granules 4.0 1.2 5.89 

Glass fibre (4.9)* 
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Table 6.4. Continuation 

Information obtained from the manufacturer 
	

Determined in the laboratory 

Sheet 
	

Bitumen 
	

Core 
	 Filler 	Upper surface 	Thickness 	Weight 

Total 

(nm)  

Under 
core  
(mm) (kg/m2)  

E SBS-modified Polyester 	(250 g/m2) Sand 5.0 3.0 5.78 

SBS-modified Polyester 	(250 g/m2) (25%) Sand 4.4 2.1 4.77 

(10% 	SBS) 

G SBS-modified Polyester 	(180 g/m2) (0%) Talc 4.9 2.9 4.75 

H SBS-modified Polyester 	(250 g/m2) (0%) Granules 4.3 1.5 5.18 

(shale) 

SBS-modified Polyester 	(200 g/m2) (28%) Sand 4.7 2.8 5.69 

J SBS-modified Polyester 	(150 g/m2) Sand 2.3 0.4 2.97 

(10% 	SBS) 

SBS-modified Polyester 	(80 g/m2) Granules 1.9 0.3 4.00 

(10% 	SBS) (shale) (3.2)* 

SBS-modified Polyester 	(250 g/m2) Sand 4.6 2.0 5.26 

(13% 	SBS) 

SBS-modified Polyester 	(180 g/m2) Sand 3.2 1.3 3.54 

(13% 	SBS) 

N SBS-modified Polyester 	(180 g/m2) Sand 5.0 2.3 5.80 

(13% SBS) 

0 APP-modified Polyester 	(180 g/m2) Sand 3.4 2.4 3.54 

(30% APP) 

P APP-modified Polyester 	(180 g/m2) (22%) Granules 4.0 1.4 4.97 

(31% APP) (4.6)* 

Q APP-modified Polyester 	(250 g/m2) Granules 4.0 1.1 5.78 

(35% APP) 

R1 APP-modified Polyester 	(250 g/m2) Limestone Talc 5.0 3.7 5.83 

(30% APP) Glass fibre 	(50 g/m2) (10%) 

R2 APP-modified Polyester 	(250 g/m2) 5.0 3.0 5.14 

Glass fibre 	(50 g/m2) 

R3 APP-modified Polyester 	(250 g/m2) 5.0 3.3 5.16 

Glass fibre 	(50 g/m2) 

* Thickness with granules 
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6.2.1 	Flexibility at low temperatures (Bending test)  

The bending test is considered to be a suitable method of 

determining how well the polymer modification has turned out. 

The method is also considered to provide valuable information 

on the aging properties of the product (see Section 4). 

The bending test has been performed in accordance with method 

No. 5 in Appendix 1A. A mandrel with a diameter of 30 mm has 

been used for the majority of the products. In the case of 

deviating thickness (total thickness <5 mm and/or bitumen 

layer beneath the core <3 mm), a 20 mm diameter mandrel has 

also been used. Testing has been performed for non-aged 

samples and also after storage at 70°C for up to 6 months 

(Table 6.5 and Figs. 6.3, 6.4). Fluorescence microscopy and 

GPC analysis have also been performed to enable comparative 

studies. 

SBS bitumen sheets 

For the 28 waterproofing sheets tested, the low temperature 

flexibility (lowest temperature at which the product passes 

the bending test) varies from < -30°C to - 5°C. 24 of the 

sheets passed the bending test at -20°C or lower. After 

3 months and 6 months heated storage, flexibility has as a 

rule decreased by at least 10 and 15°C respectively. 

Of the 24 products that passed the bending test at -20°C or 

lower prior to heated storage, 9 passed the bending test at 

-10°C after 6 months heated storage. For at least 21 of the 

products, flexibility decreased by 15°C or more. 

The tested products thus deteriorate most during the first 

3 months of heated storage. In occasional cases, the product 

"collapses" during the latter half of heat treatment; the 

binder begins to run (the sample hangs vertically). 
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The majority of the products have also been studied with the 

aid of fluorescence microscopy. Here it was found that the 

products' low temperature flexibility can in many cases be 

roughly predicted, as can the deterioration in this property 

during heated storage. Fluorescence microscopy is especially 

suitable for comparative product control However, the method 

demands considerable experience on the part of the person 

evaluating the results. As an example, products 32-36 all had 

the same polymer-bitumen mix according to the manufacturer. 

Product 34 differs from the others in regard to initial low 

temperature flexibility (-10°C). B4 also differs from the 

other products when examined with fluorescence microscopy. 

This is illustrated in Figure 6.1, where products 32 (low 

temperature flexibility -25°C) and 34 (low temperature flexi-

bility -10°C) are compared. 

Figure 6.1. Photomicrograph of products B2 and B4. 
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With the aid of microscopy, it has been possible in many cases 

to observe how the structure of a polymer bitumen has more or 

less broken down as a result of heated storage. As a rule, 

this has meant that the "bitumen islands" in the polymer 

structure have changed shape, becoming larger and merging. 

Other changes that have been observed include accumulation of 

bitumen components in the surface layer of weldable bitumen or 

against the core, which in both cases has contributed to 

poorer low temperature flexibility. 

Tangible examples of the latter observations are products  H  

and I respectively, which after 6 months heated storage both 

deteriorated by at least 25°C in low temperature flexibility. 

Accumulation of bitumen components in the surface layer of the 

sheet (to a thickness of about 50 pm or more) has also been 

observed for products A5, 34, B5, 36 and  G,  while products 

such as  Cl,  El, E2, L, M and  N  did not change noticeably in 

this respect as a result of heated storage. For product M, 

however, heated storage led to total"collapse" of the polymer 

bitumen structure. Differences of this nature between products 

may possibly be explained by the origin of the bitumen. In a 

comparison between, for example, product  Cl  (no accumulation 

of bitumen components towards the surface layer of the sheet 

after heated storage) and product C4 (layer of about 8-15 pm) 

it was found that the two products differ only in content of 

polymer and filler (see Table 6.4) and in bitumen supplier 

(Neste and Elf respectively). The bitumen in the products L, M 

and  N  comes (according to the manufacturer) from one and the 

same supplier. Within each of groups A and  B,  there may have 

been different bitumen suppliers. Also within group A, the 

relevant surface layer varies from about 10 pm to 50 pm (A5). 

Within group  B,  the polymer bitumen structure, for example in 

products B2 and B3, appears more stable in heated storage than 

for product B4. The surface layer of bitumen components which 

concentrate towards the surface layer of the sheet has in the 

latter case been measured as max. 170 pm. 
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In the case of product I (with a "heavy concentration of 

bitumen" against the core as a result of heated storage, the 

core became completely detached from the weldable bitumen 

layer in the bending test (< -5°C). 

Successive degradation of the SBS polymer during heated 

storage (at 70°C) (see Section 4.6) has been found among a 

large proportion of the SBS products. However, the degradation 

process and rate appear to be relatively similar for most of 

the products tested. A stable polymer bitumen structure thus 

seems to be an increasingly decisive factor in the manufacture 

of polymer bitumen sheets with satisfactory and durable low 

temperature flexibility. 

Group  E  constitutes a special type of product. In these, the 

polymer bitumen is treated with electron beams to improve low 

temperature flexibility [39]. The products began to flow 

during the latter half of heated storage. 

APP bitumen sheets 

In the 6 waterproofing sheets tested, the low temperature 

flexibility varied from -25°C to -10°C (-10°C for four of the 

products). After heated storage, the low temperature flexi-

bility of all products decreased, but to a highly variable 

degree (Table 6.5). 

Products R2 and R3 are "modifications" of  Ri.  Here, the in-

tention of the manufacturer has been to develop a more 

flexible and thermostable product. Product R2 withstands the 

bending test at -10°C, both before and after heated storage. 

However, it was found that after heated storage for 3 and 

6 months respectively, the product does not withstand the 

bending test at room temperature. Similarly, the sample cracks 

if it is allowed to regain room temperature after bending at 

-10°C in bent condition. 
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In the case of product R3, the manufacturer has succeeded in 

improving the low temperature flexibility (-25°C), which de-

creased insignificantly (-20°C) after heated storage. 

Using fluorescence microscopy, it is also observed that pro-

ducts R1, R2 and R3 differ considerably in regard to degree of 

dispersion and homogeneity. This is illustrated in Figure 6.2. 

Figure 6.2. Fluorescence photomicrograph of product R2 and 

R3 after heated storage for 6 months at 70°C. 
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Table 6.5. 	Low temperature flexibility of waterproofing 

sheets tested. 

Sheet Flexibility after heated storage 
(*C)  

0 mths 	3 mths 	6 mths 

Difference in flexibility after  
heated storage  (*C)  
0-3 mths 	3-6 mths 	0-6 mths 

Al - 5 0  > 	0* 5  > 	0  > 	5 

A2 -10  + 	5  +  15* 15 10 25 

A3 -20 -10  - 	5 10 5 15 

A4 -25  -  15  - 	10 10 5 15 

A5 -25  -  15  -  5 10 10 20 

A6 -20  -  10  -  5 10 5 15  

Bl  <-20 0 k 20 

82 -25  -  10  -  5 15 5 20 

83 5-20 >-10 0  >  10  <  10  >  20 

84 -10 -5 0 5 5 10 

B5 -30 -20  -  5 10 15 25 

86 5-30 -15 -10  k  15 5  k.  20  

Cl -25 -15 -15 10 0 10 

C2 -20 - 5 15 

C3 -20 -5 15 

C4 5-30 5-30 -15 > 	0 k 15 k 15 

D1 -10 0 0 10 0 10 

D2 5-20 5-10 -10 > 	0 2: 10 

El 5-30 -25 -20* > 	5 5 2: 10 

E2 5-25 5-25 -10* k 15 k 15 

F 5-20 - 5 - 5 k 15 0 k 15 

G -25 -15 -10 10 5 15 
n 5-30 -10 -5  2:20 5 k 25 
I  5-30 5-30 0* k30 2:30 

J <-15 

5-20 5 -10* 

L 5-20 5-10 - 5 > 	5 2: 15 
H 5-20 >- 5 + 5* > 15 < 10 2: 25  
I;  5-20 - 5 0* k 15 5 2: 20 

0 -15 + 5 > +20 20 > 15 > 35 
P -10 0 0 10 0 10 

4 -10 -5 0 5 5 10 
RI -10 0 > 	0 10 > 	0 > 10 
R2 -10 -10 _10** 0 0 0 
R3 -25 -20 -20 5 0 5 

*) Sample flowed during latter half of heated storage. 

**) Sample does not withstand bending at room temperature. 
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6.2.2 	Softening point  

Determination of softening point is often carried out in order 

to analyse bitumen and polymer bitumen. The polymer bitumen 

mix (in amounts appropriate to this context) greatly increases 

the softening point of the bitumen (see Section 4.4). 

Determination of softening point has been performed in accor-

dance with Method No. 10 in Appendix 1B. 

Normally, samples have been taken from the bitumen layer be-

neath the core and have been heated in accordance with the 

prescribed sample preparation method. In certain cases, 

"punched" samples have also been examined. 

Sample preparation is a highly sensitive part of the test 

method. Incautious heating of the sample may result in the 

polymer breaking down so that the softening point falls. In 

preliminary tests with varying heating temperatures and times, 

it has been found that heating for 30-60 minutes in an oven at 

200°C produces relevant softening point results as well as 

good repeatability and reproducibility. (As an extreme case, 

samples heated in a crucible over a gas flame for 10 minutes 

until heavy smoke was produced demonstrated a reduction in 

softening point of 85°C (from about 120°C to less than 35°C) 

SBS bitumen sheets 

For 26 of the waterproofing sheets tested (excluding El and 

E2, which are treated with electron beams) the softening point 

varies from 105 to 135°C (Table 6.6. and Figure 6.5). For 22 

of these products, the softening point is at least 120°C. 

After 3 months and 6 months heated storage (70°C) respect-

ively, the softening point has fallen by 4 - 17 and 15 - 40°C 

respectively. For over 80% of the products, the change in 

softening point after 6 months heated storage is between 15 

and 25°C. Furthermore, the softening point for half of the 

products is at most 105°C after heated storage. 
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The heavy decrease in the softening point during heated 

storage (70°C, 6 months) does not necessarily mean that the 

polymer bitumen also begins to flow during heated storage or 

in heat resistance testing (100°C, 2 hours). However, it has 

been observed that products (not coated with granules) that 

have demonstrated a heavy decrease in softening point during 

heat storage  (Cl,  02, 03, E2) also produce poor results in 

testing bonding to mastic asphalt. 

The change in softening point over time varies between differ-

ent products (table 6.6). In certain cases, the greatest 

change occurs during the first half of heated storage, while 

in other cases the softening point of the product falls most 

during the latter half of heated storage. 

The change in softening point during storage at 50°C for 

3 months has also been examined. As is shown by Table 6.6, the 

changes in softening point in this case are relatively small 

(0 to 4°C for 12 out of 14 products tested). For the "devia-

ting" products Al and A2, (change in softening point 7 - 8°C), 

a tangible degree of flowing has been measured in heat resis-

tance tests. 

In regard to sample preparation by punching, it has been found 

that the measured change in softening point in all cases 

(8 products) was smaller compared to "conventional" sample 

preparation. The softening points obtained prior to heated 

storage are in good agreement (differences of 0 to 5°C). The 

difference is greatest after heated storage and increases with 

storage time (3 - 9°C after 3 months and 8 - 15°C after 

6 months). For sample I, the same softening point has been ob-

tained regardless of sample preparation method. 

In those cases where large differences in softening point were 

obtained with different sample preparation methods (A6, B5), 

tangible differences in polymer network structure have also 

been observed in fluorescence microscopy of the sample. 
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In the case of product group  E,  special difficulties occurred 

during sample preparation. As mentioned above, these two pro-

ducts have been treated under electron beams [39]. Product E2 

has been treated to a greater depth (through the core) com-

pared to product El. This explains the difference in softening 

point measured between the upper and lower surface of product 

El, which is absent in E2. According to the manufacturer, 

electron beam treated polymer bitumen has a softening point of 

over 205°C. Regardless of sample preparation method, the maxi-

mum softening point recorded for products El and E2 was 153 

and 146°C respectively. During heated storage for 6 months, 

the products "collapsed", resulting in changes of over 40°C in 

softening point. 

In view of the results and the fluorescence microscopy studies 

described, it is concluded that sample preparation by punching 

is not preferable to the "conventional" preparation method. 

After heated storage, punched samples may vary greatly in 

homogeneity, partly because of the migration of bitumen compo-

nents towards the surface layer of the sheet (see Section 

6.2.1). 

Polymer bitumen with varying content of SBS 

A smaller series of tests has been carried out with polymer 

bitumen manufactured with the addition of three different  SES  

contents; 10, 12.5 and 15 % by weight. The bitumen is des-

cribed in Table 6.7. The polymer is the same as that in pro-

ducts  Cl-C4. (The polymer bitumen mixes do not contain any 

filler). 

Determinations have been made of softening point and change in 

softening point during heated storage (up to 6 months) (see 

Table 6.8). As can be seen from Tables 6.7 and 6.8, the soft-

ening point of the bitumen is increased by 87°C with a 10% 

polymer content and by a further 5 and 15°C with a polymer 

content of 12.5 and 15% respectively. 
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During heated storage, the softening point falls, although to 

a lesser extent than was measured for the products in Table 

6.6. Sample 2 is identical to sample C2 in regard to type and 

content of polymer and bitumen. However, sample C2 contains 

35% by weight of filler, which may contribute to the polymer 

being "broken down" more rapidly. 

APP bitumen sheets 

The softening point of all six products investigated is about 

155°C, regardless of heated storage. In general, the results 

provide no information on the product. 

Figure 6.5. Test results illustrating the effect of heated 

storage on the softening point of a number of 

SBS bitumen sheets. 
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Table 6.6. 	Softening point and change in softening point 

of waterproofing sheets tested. 

Sheet Softening point  (°C)  

0 mths 	3 mths (3 mths, 
50°C) 

6 mths 

Change in softening point  
(°C)  

0-3 mths 	3-6 mths 	0-6 mths 

Al 108 (101) 

A2 120 111 (112) 105 9 6 15 

A3 131 122 (128) 109 9 13 22 

A4 126 119 (126) 109 7 10 17 

A5 136/134 128/131 (137) 115/123 8/3 13/8 21/11 

A6 134/130 121/130 (130) 110/121 13/0 11/9 24/9  

Bl  126 101 25 

B2 126 120 (125) 105 6 15 21 

B3 129 121 (128) 107 8 14 22 

B4 135 131 119 4 12 16 

B5 130/130 121/130 110/123 9/0 11/7 20/7 

86 131/132 121/130 (131) 113/123 10/2 8/7 18/9  

Cl 131 119 (128) 104 12 15 27 

C2 130 106 24 

C3 127 104 23 

C4 130/132 117/120 109/118 13/12 8/2 21/14 

01 126 104 22 

02 129 119 105 10 14 24 

E1* 124 118 (126) 97 6 21 27 

** >150 119 103 >31 16 >47 

E2* 142/142 111 (138) 102/102 31 40 

** 142/145 102 40 

F 122 105 17  

G 132/135 115/123 (132) 92/101 17/12 23/22 40/34 

R 127/132 115/122 96/105 12/10 19/17 31/27  

I  118/117 112/112 105/105 6/5  7/7 13/12 

J 105 (101) 116 

L 134 117 110 17 7 24 

M 117 106 104 11 2 13 

N 129 112 107 17 5 22 

o 155 155 (155) 156 0 1 1 

P 154 155 (155) 155 1 0 1 

4 155 156 (156) 156 1 0 1 

R1 153 154 (154) 154 1 0 1 

R2 156 156 (156) 156 0 0 0 

R3 158 158 (158) 158 0 0 0 

* = underneath core 	Note. Value after slash relates to punched sample. 
** = above core 
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Table 6.7. 	Analysis of bitumen, Bit 250 

Test 
	

Method 	 Result 

Penetration at 25°C 

Dynamic viscosity at 60°C 

Kinematic viscosity at 135°C 

Softening point (Ring and ball) 

Solubility in xylene 

Flash point acc. to P.M. 

Density at 25°C 

MBB 37-82 

ASTM D 2171-83 

MBB 39-82 

MBB 38-82 

ASTM D 2042-81 

SIS 021812 

ASTM D 70-83  

212 (mm/10) 

37 (Ns/m2) 

185 (mm2/s) 

38  (°C)  

99.99 (% by weight) 

276  (°C)  

1.007.103(kg/m3) 

After 5 hours at 163°C 

Weight loss 

Breaking point Fraass 

Dynamic viscosity at 60°C 

Ductility at 25°C 

ASTM  D 1754-83  

IP  80/53  

ASTM  D 2171-83  

Mainly ASTM  

D 113-79  

+ 0,053 (% by weight) 

- 18  (°C)  

65 (Ns/m2) 

>100 (cm) 

Table 6.8. 	Determination 	of softening point of polymer 

bitumen with 10, 12.5 and 15% SBS 

Sample Softening point (SC) 
after heated storage, 
months 

Change in softening point  (°C)  
after heated storage, 
months 

0 	1 2 3 5 6 0-3 3-6 0-6 

1 125/ 	124/ 121/ 119/ 114/ 109 6/5 10 16 

(10%) 123 	128 128 128 125 

2 131/ 	133/ 133/ 130/ 125/ 121/ 1/3 9/8 10/5 

(12.5%) 132 	137 141 135 136 127 

3 139/ 	141/ 141/ 140/ 133/ 129/ 1/4  11/4  10/0 

(15%) 140 	143 144 144 143 140 

Note. Value after slash relates to punched sample. 
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6.2.3 	Tensile bond 

The bonding of the waterproofing system to both the underlying 

and overlying surfaces is obviously of the greatest importance 

for the system's performance (Section 5.1). The strength and 

durability of the bonding vary with the type of concrete, type 

of primer, waterproofing and protective layer, and in parti-

cular the quality of the application and laying. The major 

significance of the primer for the bonding to the underlying 

concrete is described in the following section. 

Primer - concrete 

In waterproofing systems using waterproofing sheet, bonding 

between the waterproofing and the concrete is "ensured" via 

the primer. Primers in current use include bituminous solvent 

primer (with or without polymer) and synthetic products such 

as epoxy and acrylic. The products included in approved water-

proofing systems  (Bronorm  -88) with polymer bitumen sheet con-

sist of bituminous solvent with or without polymer. They con-

tain various adhesives. 

Extensive studies of adhesion between primer and concrete have 

been carried out at the National Road Laboratory in Roskilde, 

Denmark [40]. The following section is largely based on docu-

mentation from these studies. 

Adhesion between primer and concrete may partly be explained 

with the aid of a number of theories. 

A condition for obtaining effective adhesion is that the 

primer wets the concrete surface thoroughly and becomes mecha-

nically anchored in its irregularities. 

A well prepared concrete surface free of loose particles, dirt 

and oil is necessary to obtain satisfactory bonding between 

primer and concrete. 
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During application, the surface of the concrete must be dry 

(max 6% moisture by weight) and the surface temperature must 

be below the dew point temperature of the air. 

Moisture migration does not normally occur towards the upper 

surface of the bridge deck, since the temperature there is 

usually higher than at the bottom surface of the deck. How-

ever, in unfavourable conditions and/or incorrectly applied 

treatment with primer, poor bonding between primer and con-

crete may occur under the influence of factors such as osmotic 

pressure, capillary forces and vapour pressure of water and 

solvents. 

In the case of bitumen primer, stripping may occur, whereby 

water penetrates underneath the primer from the surface of the 

concrete. This may be because the functional groups of mole-

cules in the bitumen (e.g. carboxyl acids), whose main purpose 

is to provide bonding to the surface of the concrete, also 

have a great affinity for water. To counteract stripping, 

bonding agents (such as diamine) are added, although these are 

not considered to have any long-term effect on the primer in 

heavy influence by moisture via the concrete. 

The main cause of loss of bonding between the bitumen primer 

and the concrete is considered to be moisture, but this has 

not been confirmed in a field investigation [40]. 

Laboratory tests on a total of 180 primer systems have shown 

that synthetic primer products of the chlorinated caoutchouc, 

acrylic, epoxy and polyurethane types produce considerably 

better bonding to concrete (application to a dry concrete sur-

face, followed by water storage at 100% air humidity). The 

best result has been obtained with solvent-free epoxy. In 

peeling tests, bonding failures with these types of primer do 

not occur between the primer and the concrete, but between the 

primer and the waterproofing [40]. 
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As mentioned earlier, bituminous solvent primer has demon-

strated unsatisfactory bonding to the concrete in the above 

moisture storage conditions and experiments [40] have there-

fore been made to modify the primer with coupling agents 

(silanes and titanates), although without success. 

In the application of weldable bitumen sheets on synthetic 

primers such as acrylic or chlorinated caoutchouc, the primer 

may, however, be damaged by the heat from the welding flame 

and must therefore be protected in some way (see table 6.10, 

primers 10 and 11). Like certain epoxy primers, bitumen primer 

resists the heat of the welding flame. According to German re-

sults, on the other hand, epoxy primer is in practice often 

damaged during welding [21]. 

In a field experiment by the TRRL (Transport and Road Research 

Laboratory) [41], results agreeing with the above-mentioned 

Danish laboratory study [40] have been obtained, i.e. synth-

etic primers give the best bonding to the concrete (although 

with frequent bonding failures within the concrete), while 

bituminous solvent primer gives poorer and less durable 

bonding to the concrete. However, it should be observed that 

the report does not provide any information on whether the 

bitumen primer products contained an adhesive or not. 

Test method and requirements 

Testing in accordance with the methods described in Appendix 

1C provides an idea of the "total" bonding of the water-

proofing system or its "weakest link". 

In tests on the bonding between the waterproofing and the con-

crete (method No. 12 in Appendix 1C), the following bonding 

failures may generally occur: 

in the concrete 

- between concrete and primer 
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in the primer 

- between primer and weldable bitumen 

in the weldable bitumen 

against or within the core 

between waterproofing sheet and granules 

With double sheets, bonding failures may in addition occur be-

tween the sheets. In systems where the primer has to be pro-

tected from the welding flame (Table 6.10), further types of 

failure are possible. 

In tests on bonding between waterproofing sheet and protective 

layer (see method 12 in Appendix 1C), failures generally occur 

in the sheet when mastic asphalt is used. With asphalt con-

crete as protective layer, failures often occur between the 

sheet and the asphalt concrete, or within the asphalt con-

crete. 

It is desirable for the total bonding (bonding of the system's 

"weakest link") to attain a value close to the tensile 

strength of the concrete and protective layer respectively at 

the surface. The tensile strength of a concrete surface con-

forming to requirements may be expected to exceed 1.5 N/mm2. 

(According to  Bronorm  -88, the requirement for newly cast con-

crete (K40-K80) is > 1.5 N/mm2). In tensile testing in the 

laboratory, failures in the concrete test slab occur at about 

2 N/mm2. The tensile strength of an asphalt concrete at the 

surface may be assumed to be over 1 N/mm2, which also applies 

in the case of mastic asphalt. It is also desirable that the 

bonding requirement is such that a poorly impregnated core is 

revealed in testing (> 0.7 N/mm2). An applicable bonding re-

quirement for waterproofing systems using polymer bitumen 

sheet is > 1.0 N/mm2. In laboratory tests on asphalt concrete 

as protective layer, the requirement is > 0.5 N/mm2. In hand 

tamping (see method No. 12 in Appendix 1C) of the asphalt con-

crete layer in the laboratory, it has not been possible to ob-

tain higher bonding levels (with failures in the asphalt 

concrete) than about 0.5 - 0.6 N/mm2. 
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In testing bonding between waterproofing sheet and concrete, 

the test slabs are first subjected to aging cycles as des-

cribed in method No. 12, Appendix 10. The aging procedure is 

intended to simulate the effect of heat on the waterproofing 

system as well as the effect of de-icing salt and freeze-thaw 

cycles. During storage, however, no noticeable effect of 

moisture on bonding between primer and concrete can be ex-

pected (the concrete is not stored in water). During testing, 

bonding failures have not normally occurred between the primer 

and concrete. This also applies to bitumen primer products 

that have not shown approved water repelling ability (see 

Tables 6.9 and 6.10, also method No. 11 in Appendix 13). How-

ever, this is not the case when peeling tests have been 

carried out at -20°C. Primer products with non-approved water 

repelling ability have then loosened from the concrete. 

In studies where bonding tests (in accordance with method No. 

12 in Appendix 10) have been performed after each step in the 

aging schedule, it has been found that heated storage (21 days 

at 70°C) mostly affects bonding between waterproofing sheet 

and primer, often with local blistering as a result. In sub-

sequent freeze-thaw cycles, areas where blistering has 

occurred have become larger. The bonding results obtained in 

testing may thus vary greatly depending on whether the test 

surfaces (three per test slab) have been located completely or 

partly over areas where blistering has occurred during the 

aging cycles. 

SBS bitumen sheets 

For the majority of the studied single layer systems with SBS 

bitumen sheet and bituminous solvent primer (product groups 

A-F in Table 6.9), the measured bonding prior to aging was at 

least 0.8 N/mm2. Where lower values were obtained (0.5 - 

0.7 N/mm2) these have as a rule been traced to the core and 

impregnation (A5, C2, C3) or the consistency of the polymer 

bitumen (A4,  Cl).  In the former case, failure has occurred 

within or against the core. 



57 

One example is sheet A5 which, according to the manufacturer, 

differs from sheet A3 only in regard to impregnation (inade-

quate impregnation of the core in manufacture of A5). As Table 

6.9 shows, failure has occurred within or against the core in 

A5, but not in A3. Another example is sheet 02, which is manu-

factured with a non-impregnated core. Also with this sheet, 

failure occurs within the core. Similarly, failure occurs in 

the core of sheet C3 but not C4. C3 and C4 differ in regard to 

impregnating bitumen, which is oxidised and polymer modified 

respectively. 

Sheets A3 and A4 may be noted as an example of the effect of 

the consistency of polymer bitumen on the bonding result. 

A4 is a variant of A3, being altered in regard to binder. The 

modification is intended to improve the product's low tempera-

ture flexibility and aging properties (see table 6.5), but has 

also resulted in poorer bonding strength. 

The effect of filler content on bonding can be illustrated by 

the results obtained for sheet  Cl  (15 % by weight) and for 

double layer sheet G+H (these sheets have no filler). In both 

cases, poor bonding strength has been obtained. The filler 

content of other sheets is about 30% by weight. 

For the studied double layer systems (G+H, I+H and J+K), a 

bonding strength of 0.4 - 0.7 N/mm2  has been obtained, with 

failure against the primer, the weldable bitumen in the lower 

sheet (sheet  G)  or between the sheets. In systems G+H and I+H, 

synthetic primer of chlorinated caoutchouc and acrylic is used 

respectively to provide good bonding to concrete [40]. As is 

shown by Table 6.9, comparatively low bonding strength has 

been obtained after aging. In these cases, failure has 

occurred in the welding zone between the sheets (G+H) or be-

tween the primer and protective coating (I+H). 
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Failure between primer and concrete occurred in none of the 

systems studied. 

However, blistering occurs in most systems with varying 

bonding strength as a result. 

APP bitumen sheets 

In the APP bitumen sheets studied, bonding strength before the 

aging cycles varied from 0.7 N/mm2  upwards. After aging, 

widely varying results were obtained. 

For product R3, tests have been made by the manufacturer to 

choose a suitable primer. Used with primer 9, sheet R3 has 

proved to meet the relevant bonding requirement after aging, 

while the same sheet used with primer 1 or 2 has shown heavy 

and persistent blistering, with severely worsened bonding as 

a result (see Table 6.9). 

A sample preparation problem found with APP bitumen sheets was 

the adhesive bond between the testing stamp and the sheet. The 

bonding between adhesive and sheet should be in excess of 

1.0 N/mm2, which was found difficult to attain with the epoxy 

adhesives used. 
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Table 6.9. 	Bonding of waterproofing to underlying concrete 

Before aging 	 After aging 
Sheet/ 

Bonding (N/mm2), 	 Bonding (N/mm2), 
Primer 
	

type of failure 	 type of failure 

A1/1 	>1.6 Failure between adhe- 	>0.9 	Failure between adhe- 
sive and sheet 
	

sive and sheet 

A2/1 	1.0 	Failure between sheet 
	1.1 	Failure between 

and underlying surface 	 sheet and underlying 
(primer) and in 	 surface (primer) and 
weldable bitumen 
	

in weldable bitumen 

A3/1 	0.9 	Failure between sheet 
	

1.0 	Failure between sheet 
and underlying surface 	 and underlying surface 
(primer) and in weldable 
	

(primer) and in 
bitumen 	 weldable bitumen 

A4/1 	0.6 	Failure between sheet 
	

0.8 	Failure between sheet 
and underlying surface 	 and underlying surface 
(primer) and in weldable 
	

(primer) and in 
bitumen to some extent 
	

weldable bitumen to 
some extent 

A5/1 	0.7 	Varying failures, also 
	

1.1 	Failure mainly in 
in and against core 	 core 

A5/2 	0.7 	Failure mainly against 
	

0.7-1.3 	Varying failures 
underlying surface 
(primer) as well as 
in core 

A6/1 	0.9 Failure between sheet 
and underlying surface 
(primer) as well as in 
weldable bitumen to 
some extent 

81/3 	1.3 	Varying failures 

B2/1 	0.9 	Failure between sheet 
and underlying surface 
(primer) as well as in 
weldable bitumen to 
some extent 

B3/1 	0.8 	Failure between sheet 
and underlying surface 
(primer) as well as in 
weldable bitumen and 
against sanding 

0-0.7 
	

Failure mainly between 
sheet and underlying 
surface (primer) 

0.9-1.4 	Varying failures 

0.3-1.0 	Failure between sheet 
and underlying surface 
(primer) as well as in 
weldable bitumen to 
some extent 

>0.8 Varying failures 

84/1 	0.9 	Failure between sheet 	0.4->0.7 
and underlying surface 
(primer) as well as in 
weldable bitumen  

Failure between sheet 
and underlying surface 
(primer) and in 
weldable bitumen to 
some extent 

84/2 

B5/2 

B6/2 

1.2 

0.8 

0.8 

_ n _ 

n  

Failure between sheet 
and underlying surface 
(primer) 

0.5->1.4 

0.5-1.3 

0.6-1.1 

C1/4 	0.5 	Failure between sheet 
	

0.5 	Failure between sheet 
and underlying surface 	 and underlying surface 
(primer) 
	

(primer) 

C1/1 	0.5 
	

0.5 	- " - 

C2/4 	0.5 
	

Failure in core 
	

0.6 	Failure in core 
and against under- 
lying surface (primer) 



0-1.3 	Varying failures 
(Severe blistering) 

	

1.1 	Failure between sheet 
and underlying surface 
(primer) as well as in 
weldable bitumen 

>1.6 Failure between adhe-
sive and granules 

	

0.5-0.9 	Varying failures, 
against sanding, core 
and underlying surface 

	

>1.5 	Failure between adhe- 
sive and sheet 

Failure mainly between 

	

0.7 	sheets. "Suction effect" 

Failure between sheet 

	

0.4 	(I) and underlying 
surface (primer) 

Failure mainly between 

	

0.2-0.5 	sheet and underlying 
surface (primer) as well 
as in weldable bitumen 

	

2 0.8 	Varying failures 

Failure between sheet 
and underlying surface 
(primer) 

Failure between sheet 
and underlying surface 
(primer) 

0-0.9 Failure between sheet 
and underlying surface 
(primer 
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Table 6.9. 	Continuation 

Sheet/ 

Primer 

Before aging 

Bonding (N/s&), 
type of failure 

After aging 

Bonding (N/mm2), 
type of failure 

C3/4 	0.5 	Failure between sheet 
and underlying surface 
(primer) or against 
core 

0.8 	Failure between sheet 
and underlying surface 
(primer) or against 
core 

C4/4 	0.8 	Failure between sheet 
and underlying surface 
(primer) 

Failure between sheet 
and underlying surface 
(primer) 

20.8 

C4/2 0.7 

D1/5 >1.4 

E2/6 0.8 

F2/3 1.2 

G 
/10 0.4 

H 

/11 0.7 
H 

J 
/12 0.7 

P. 

P/7 > 0.8 

Q/3 0.7 

R1/8 0.9 

R2/1 0.6  

R3/9 2 1.0 

R3/1 > 0.9 

Failure between 
granules and sheet 

Varying failures, 
against sanding, 
underlying surface 
(primer) and in 
weldable bitumen 

Failure between 
sheet and underlying 
surface (primer) as 
well as in weldable 
bitumen 

Failure between 
adhesive and sheet 

- " -  

Failure between adhe-
sive and sheet 

Failure between sheet 
and underlying surface 
(primer) as well as in 
weldable bitumen  

Failure between sheet  G  
and underlying surface 
(in weldable bitumen) 
as well as between 
sheets. "Suction effect" 

Failure between sheets 
and between granules 
and sheet  (H).  
"Suction effect" 

Failure mainly between 
sheet  J  and underlying 
surface (primer). 
Not between sheets 

Failure mainly between 
granules and sheet 

Failure between sheet 
and underlying surface 
(primer) 

Failure between 
sheet and underlying 
surface (primer) 

0->0.9 Failure between sheet 
and underlying surface 
(primer) or between 
adhesive and sheet 
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Table 6.10. Primers used in the laboratory tests 

Primer 	Content (as stated by 	 Water repelling ability 
manufacturer) 	 (according to method 

No. 11 in Appendix 1B) 

	

1 	Bituminous solvent primer 	 Approved 
with amine 

	

2 	Bituminous solvent primer with 	Approved 
polymer bitumen, xylene, 
petroleum spirit and amine 

	

3 	Bituminous solvent primer with 	Not approved 
polymer bitumen and volatile 
solvents 

	

4 	Bituminous solvent primer with 	Approved 
petroleum spirit and amine 

	

5 	Bituminous solvent primer with 	Approved 
distilled bitumen, xylene, 
petroleum spirit and amine 

	

6 	Bituminous solvent primer 	 Approved 

	

7 	Bituminous solvent primer with 	Not approved 
oxidised bitumen, petroleum 
spirit, xylene and adhesive 

	

8 	Bituminous solvent primer 	 Not approved 

	

9 	Silane primer (clear) 	 Approved 
(Difficult to assess) 

	

10* 	Chlorinated caoutchouc primer 	Difficult to assess 
with chlorinated rubber, 
softener and xylene (black) 

	

11* 	Acrylic primer with xylene 	 Difficult to assess 
(clear, green) 

	

12 	Bituminous solvent primer with 	Doubtful 
polymer bitumen and xylene (70%) 

Dry primer must be coated with a mixture of polymer bitumen 
and solvent as protection when welding the sheet. 
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6.2.4 	Shear resistance  

The waterproofing on a bridge is exposed to shear forces as 

well as normal forces under the influence of traffic and 

paving (see Section 5.2). The shear resistance of a water-

proofing system will depend on the type of waterproofing 

(quality and structure) and its bonding to the underlying sur-

face (primer) and protective layer (asphalt concrete or mastic 

asphalt). 

A number of laboratory test methods and equipments are in use 

for testing shear resistance of bridge waterproofing systems. 

They vary primarily in test temperature, inclination of the 

sample (see below) and rate of shear [29, 30, 42, 43]. 

Test methods and requirements 

Testing with method No. 13 in Appendix 1C provides an idea of 

the shear resistance of the waterproofing system at 20°C after 

heated storage (3 months at 5000). Heated storage is used to 

determine the effect of any incompatibility between water-

proofing and primer or protective layer. 

Testing is carried out at constant normal pressure 

(0.07 N/mm2) and rate of shear. The load is applied perpendi-

cular to the horizontal plane (see Figure 6.6) and thus exerts 

only a shearing effect. This may be compared with correspond-

ing Austrian and German procedures, where the applied load may 

be divided into shear components (Figure 6.7). 

In shear testing, sliding may occur against the underlying 

concrete surface (primer) or against the protective layer with 

more or less rapidly decreasing shear resistance as a result. 

The shear force may also be absorbed wholly or partly by the 

waterproofing itself. Whether sliding occurs in this way will 

depend on the consistency of the binder and impregnation of 

the core. 
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Swedish results of laboratory testing indicate that the shear 

resistance should as far as possible be absorbed by the water-

proofing itself. This must take place with high shear resi-

stance, but without sliding against the underlying surface or 

protective layer, at least during the initial 10 mm of 

testing. 

Relevant requirements in  Bronorm  -88 (>0.15 N/mm2  after 10 mm 

compression) have been established on the basis of laboratory 

tests (see Figure 6.6). The purpose has been to eliminate both 

extremely "soft" waterproofing systems with low shear resi-

stance and very rigid systems where in practice extensive 

shear failures against the underlying surface or protective 

layer may be expected in heavy localised impacts. 

Figure 6.6. Shear resistance of a number of waterproofing 

sheets tested with a protective layer of  MAB  4T. 
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induktiver Weggeber 
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Figure 6.7. Shear resistance testing in accordance with 

Austrian norms [42, 43]. 

APP bitumen sheets  

In the waterproofing systems tested with APP bitumen sheet, 

the maximum shear resistance has been recorded at an early 

stage of testing (2-4 mm compression) after which sliding has 

progressed against the underlying surface or the paving with 

heavily decreasing shear resistance (Table 6.11). 

Particularly high maximum shear resistance has been noted for 

product variants R1 and R3 (0.43 and 0.52 N/mm2  respectively). 

For product variant R3 (with synthetic primer (9) and good 

bonding to both concrete and protective layer of mastic 

asphalt, the "weak link" in terms of shear resistance has been 

studied under the fluorescence microscope. It was found that 

shear failures occur in the outermost layer of the weldable 

bitumen sheet, which was melted during welding. 
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As Figure 6.8 shows, the outermost layer of the weldable 

bitumen changed considerably during welding in regard to the 

appearance of the polymer bitumen network, degree of disper-

sion and homogeneity, while other parts of the weldable 

bitumen changed to a considerably smaller extent or not at 

all. In a comparison between unwelded sheet, welded sheet be-

fore and after heated storage, sheet subjected to heated 

storage against primer and so on, it was found that the primer 

had no (microscopically visible) effect on the structure of 

the weldable bitumen. These observations apply as mentioned 

before to product R3. No other APP sheets have been studied in 

regard to this phenomenon. No corresponding tangible changes 

have been found for SBS sheet. 

For APP sheet having an upper surface coated with granules, 

bonding to asphalt concrete is "non-existent" (<<0.5 N/mm2), 

which can lead to sliding against the asphalt concrete in 

shear resistance testing (see product  P  in Table 6.11). 

Figure 6.8. Product R3 after shear resistance testing, seen 

with fluorescence microscopy. The photograph 

shows the appearance of the weldable bitumen from 

the surface layer (left) inwards towards the 

core. Light areas indicate high APP concen- 

trations. 
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Table 6.11. Shear resistance of polymer bitumen sheets tested 

with asphalt concrete and mastic asphalt as pro 

tective layer respectively 

System 

Sheet/ 
Primer 

Shear resistance 

Maximum 	After 
1 mm 

(NNW) 

10 mm 

Comment 

A1/1  -MAB*  0.23 0.06 0.18 Max shear resistance after 

> 10 mm. No sliding against 

concrete 	(primer) or paving 

-Mastic 0.37 0.30 - " - 

asphalt (0.12*) (0.12*) 

A2/1  -MAB  >0.22  0.05 0.20  

-Mastic  

asphalt  

>0.17  0.07 0.14 _ 	fl 	_ 

A3/1  -MAB  0.32 0.08 0.30  

-Mastic  

asphalt  

0.24 0.11 0.21  _ n _ 

A4/1  -MAB  0.19  0.05 0.17 _ 	fl 	_ 

-Mastic  

asphalt  

0.14  0.06 0.14 _ 	fl 	_ 

A5/1  -MAB  >0.27 0.10 0.27  _ 	fl 	_  

-Mastic  

asphalt 

>0.31 0.15 0.31  

A5/2  -MAB  >0.27 0.10 0.27  _ 	n  _ 

-Mastic  

asphalt  

>0.31 0.12 0.31  - 	" - 

A6/1  -MAB  >0.29  0.11 0.29 _ 

-Mastic  

asphalt  

>0.33  0.11 0.33 _ 	fl 	_  

B1/3  -MAB*  0.17 0.06 0.17 Max shear resistance after 

about 10 mm. Sliding 

mainly against paving 

B2/1  -MAB  >0.25 0.09 0.25 Max shear resistance after 

>10 mm, followed by 

sliding against paving 

-Mastic 

asphalt 

>0.22 0.09 0.22 Max shear resistance after 

>10 mm. No sliding against 

concrete (primer) or paving 
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Table 6.11. Continuation 

System 	 Shear resistance 	(N/nnt2) 	Comment 

Sheet/ 	 Maximum After 
Primer 	 1 mm 	10 mm 

133/1  -MAB 	0.20 	0.09 	0.05 	Max shear resistance after 

3 mm, followed by sliding 

against paving 

-Mastic 	>0.29 	0.10 	0.29 	Max shear resistance after 

asphalt 	 >10 mm. No sliding against 

concrete (primer) or paving 

B4/1  -MAB  

-Mastic 

asphalt  

B5/2  -MAB  

-Mastic 

asphalt  

B6/2  -MAB  

-Mastic 

asphalt  

>0.25 

>0.25 

>0.23 

>0.25 

>0.30 

>0.32 

	

0.10 	0.25 

	

0.08 	0.25 

	

0.10 	0.23 

	

0.09 	0.25 

	

0.13 	0.30 

	

0.15 	0.32 

- " - 

C1/4  -MAB  >0.11 	0.04 	0.11 	Max shear resistance after 

>10 mm. No sliding against 

concrete (primer) or paving 

-Mastic 	>0.11 	0.04 	0.11 

asphalt 

C2/4  -MAB 	0.31 	0.12 	0.31 	Max shear resistance after 

(0.18*) 	(0.08*) 	(0.18*) 	about 10 mm 

-Mastic 	0.29 	0.14 	0.25 	Max shear resistance 

asphalt 	(0.15*) 	(0.11*) 	(0.10*) 	after 3 - 7 mm 

C3/4  -MAB 	0.17 	0.07 	0.18 	Max shear resistance 

(0.17*) 	(0.07*) 	(0.17*) 	after about 10 mm 

-Mastic 	0.17 	0.11 	0.17 	- " - 

asphalt (0.11*) (0.05*) (0.17*) 

C4/4  -MAB 	0.35 	0.16 	0.35 	Max shear resistance after 

about 8 mm. No sliding against 

concrete (primer) or paving 

-Mastic 	0.40 	0.24 	0.38 	Max shear resistance after 

asphalt 	(0.22*) 	(0.13*) (0.13*) 	about 5 mm. No sliding against 

concrete (primer) or paving 

- " -  
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Table 6.11. Continuation 

System 
	Shear resistance 	(N/mm2) 	Comment 

Sheet/ 	 Maxims After 
Primer 	 1 mm 	10 mm 

11/5  -MAB*  0.20 0.07 0.18 

-Mastic 

asphalt* 

0.27 - 0.26 

E2/6  -MAB  0.21 0.10 0.18 

-Mastic 

asphalt 

>0.25 0.10 0.25 

F/3 	-MAB*  0.22 0.06 0.20 

G+H/  -MAB  >0.07 0.03 0.07 

10 

-Mastic 

asphalt 

>0.07 0.03 0.07 

I+H/  -MAB  >0.13 0.04 0.13 

11 	-Mastic  

asphalt  

>0.20  0.06 

J-11(/  -MAB*  0.25 0.09 0.13 

12 

P/7 	-MAB*  0.29 0.21 <0.06 

-Mastic* 

asphalt 

0.31 0.04 

Q/3 	-MAB*  0.19 0.07 0.10 

Max shear resistance 

after about 6 mm 

Max shear resistance after 

about 5 mm 

Max shear resistance after 

>10 mm. No sliding against 

concrete (primer) or paving 

Max shear resistance after 

>10 mm 

Max shear resistance after 

>10mm. No sliding against 

concrete (primer) or paving 

"  

Max shear resistance after 

about 5 mm. Sliding against 

concrete (primer) and paving 

Max shear resistance after 

about 2 mm. Sliding against 

paving 

Ma:: shear resistance after 

about 1 mm. Sliding against 

concrete (primer) 

Max shear resistance after 

about 3 mm. Sliding mainly 

against concrete (primer) 
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6.11. 	Continuation 

System 

Sheet/ 
Primer 

Shear resistance 

Maximum 	After 
1 mm 

(N/mm2) 

10 mm 

R1/8  -MAB*  0.24 0.10 0.09 

-Mastic 0.43 - 0.08 

asphalt (0.22*) (0.05*) 

R2/1  -MAB  0.26 0.15 0.10 

-Mastic 

asphalt 

0.22 0.19 0.05 

R3/9  -MAB  0.26 0.14 0.06 

-Mastic 0.52 0.40 0.07 

* Sample not subjected to heated storage 

Table 

Comment 

Max shear resistance after 

about 4 mm. Sliding mainly 

against paving 

Max shear resistance after 

about 3 mm 

Max shear resistance after 

about 4 mm. Sliding against 

concrete (primer) 

Max shear resistance after 

about 2 mm. Sliding against 

concrete (primer) 

Max shear resistance after 

about 2 mm. Sliding against 

paving 

Max shear resistance after 

asphalt 	 about 2 mm. Sliding against 

concrete (primer) 
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6.3 	Field testing 

As mentioned earlier (Section 6), a number of bridges have 

been experimentally provided with waterproofing systems during 

1988-89. Two waterproofing sheets have been laid following 

laboratory tests. The results below have been obtained in 

tests on these sheets [44, 45]. 

The products are both 5 mm SBS weldable bitumen sheets and 

are as follows: 

Sheet No. 1 

Core of polyester (250 g/m2) and upper surface 

coated with granules. Sheet No. 1 has been laid 

with protective layers of 35  MAB  4T and 80  HAB  12T 

respectively. 

Sheet No. 2 

Double core of glass fibre (50 g/m2) and polyester 

(200 g/m2) with sanded upper surface. A protective 

layer of 80  HAB  12T was applied. 

The field tests comprised the following procedures: 

- Inspection of application of waterproofing and paving. 

- Sampling of sheet before and after application, as well as 

sampling of the bitumen wave and the primer. Samples of 

waterproofing and protective layer are removed with the aid 

of special test panels. The test panels (aluminium, 500 mm  

x  400 mm  x  4 mm) are pretreated on one side with epoxy ad-

hesive and sand (0-1 mm) to obtain a concrete-like surface 

texture and are also treated with primer. The test panels 

are screwed to the concrete deck and are waterproofed at 

the same time as the other deck. 
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The waterproofing sheet is then cut through to the concrete 

along the edges of the test panel (forming a "track" for 

sawing.) When applying the protective layer, only straight 

roller runs are made across one test panel, while "twisting" 

runs as well as straight runs are made across the other panel. 

("Twisting" is the change in course of the roller which is 

necessary in normal rolling). The number of roller runs is re-

corded. Finally, the protective layer is cut through along the 

edges of the test panel and a panel with waterproofing sheet 

and protective layer is removed for investigation in the 

laboratory. Normally, two test panel are removed for each 

waterproofing product and type of protective layer. 

- Bonding test. Bonding between the waterproofing sheet and 

underlying surface is carried out on site. 

Temperature measurement while applying the protective 

layer. The temperature is recorded above and below the 

waterproofing layer and in the asphalt concrete mix. 

6.3.1 	Investigation of samples  

The effect of welding on the waterproofing sheet 

On the bridges involved, welding trolley equipment has been 

used to weld the waterproofing sheet to the concrete bridge 

deck treated with primer. 

To obtain an idea of the welding effect on the waterproofing 

sheet, samples of the bitumen wave, welded sheet and unwelded 

sheet have been extracted. The results are shown in Table 

6.12. 

The softening point of the welded bitumen waterproofing sheets 

studied was found to decrease by less than 10°C during welding 

compared with unwelded sheets. 
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As a rule, bitumen taken directly from the welding wave dis-

plays greater changes in softening point. The dispersion in 

results is large. Reductions in softening point (welding wave 

compared to unwelded sheet) of up to 60°C have been recorded. 

The cause appears to be local exposure of the "front" of the 

welding wave to considerable heat from the welding flame, 

whereupon the SBS polymer breaks down either partly or com-

pletely. Severe overheating may result in deterioration of the 

original properties of the waterproofing. It has been found 

that the change in softening point is unaffected by the 

addition of primer. 

Table 6.12. Softening point of weldable bitumen determined 

from waterproofing sheets 1 and 2 in connection 

with test application. 

Sample 

taken from 

Softening point, ring and ball  (°C)  

Bridge No. 	1 Bridge No. 2 Bridge No. 3 

Sheet 
No. 	1 

Sheet 
No. 	2 

Sheet 
No. 	1 

Sheet 
No. 	1 

Welding wave, 
along one roll 
- at beginning 114 - 104 128 
- in middle 74 - 123 124 
- at end 98 78 126 125 

Welded sheet 136 120 134 134 
134 116 129 133 
133 128 134 
133 133 

129 
133 

Unwelded sheet 135 120 137 134 

The influence of the protective layer on the waterproofing 

sheet 

In conjunction with application of the protective layer (or 

combined protective layer and binding course) on the parti-

cular waterproofing sheets, temperature measurements have been 

made in the paving mix and waterproofing. 
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After compaction of the protective layer, test panels (c.f. 

Section 6.3) have been removed for analysis in the laboratory. 

The bonding between the waterproofing and the paving layer has 

been assessed, the voids content of the paving mix determined 

and the condition (e.g. perforations) of the waterproofing 

sheet investigated. As mentioned above, a number of the test 

panels have been exposed only to "straight" roller runs, while 

others have also been exposed to "twisting" roller runs. 

When applying the protective layer (35  MAB  4T), the tempera-

ture of the upper surface of the waterproofing sheet was at 

most 106°C (bridge No. 3). The corresponding temperature with 

a combined protective and binding course (80  HAB  12T) was 

124°C (Bridge No. 3). The temperature on the lower surface of 

the waterproofing sheet never exceeded 65°C. (Table 6.13). 

In laboratory assessment of the test panels, the bonding be-

tween the waterproofing and the paving layer has generally 

been found satisfactory (>0.5 N/mm2). One exception was bridge 

No. 1 (with sheet No. 1 and protective layer of 35  MAB  4T), 

where the paving mix was applied by hand and rolling was un-

satisfactory. The protective layer was later removed and re-

placed by a new layer. During application, the temperature of 

the paving mix, which is of decisive importance for bonding, 

should not be below 150°C. Rolling must be effective and exe-

cuted immediately after the paving mix is applied. This is 

especially important if the upper surface of the waterproofing 

sheet is coated with granules. 

The voids content of the paving layer has varied greatly. 

(Table 6.13). 

When investigating the condition of the waterproofing sheet on 

the test panels, the sheet has been exposed for visual assess-

ment. The core has then been extracted and studied. The follo-

wing observations were made for the test panels and products: 
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Sheet No. 1 

The waterproofing sheet is intact on all panels. No 

holes, marks or folds have occurred during laying 

and rolling (7-ton roller) either of the protective 

layer (35  MAB  4T) or combined protective layer and 

binding layer (80  HAB  12T). 

Sheet No. 2 

The waterproofing sheet is intact on the test panel 

where only straight roller runs have been made. On 

the test panel where twisting runs have been made, 

the sheet has folded, the glass fibre layer of the 

core has been torn and the polyester has been per-

forated in one or two places. These observations 

relate to a combined protective and binding layer 

of 80  HAB  12T and a 10-ton roller. 

Table 6.13. Results 	from field testing of waterproofing 

sheets 

System 	Test panel 
	

Recorded temperature  (*C) 
	

Roller, 

Lab. 	 Bridge 
	

(tons) 

Paving 	Condition Sheet, max. 	Paving Air 

voids 	of sheet 	upper 	lower 	mix 

content 	 surface surface  

(vol-%)  

Sheet No. 1 

35  MAB  4T 

Bridge No. 1 	17-27 	Intact 	78 	< 60 	150-160 	8 	1.1 

Bridge No. 3 	15-22 	Intact 	106 	< 55 	160 	5 	7 

Sheet No. 1 

80  HAB  12T 

Bridge No. 3 	6-8 	Intact 	124 	< 65 	150-165 -2 	7 

Sheet No. 2 

80  HAB  12T 

Bridge No. 2 	3-11 	Folded, 	85 	< 60 	160-165 12 	10 

torn 

core 
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6.3.2 	Bonding tests  

Bonding tests have been performed in situ with special field 

testing equipment (Figure 6.9) for recording bonding between 

the waterproofing and underlying surface. Testing on bridges 

has been performed in accordance with the method used in labo-

ratory testing (Appendix 1C). The increase in tensile force 

(200 N/s) was obtained in the field with the aid of a manual 

pump. The field testing equipment has been developed by the 

Royal Institute of Technology in Stockholm [46]. 

Good bonding can be obtained on well-prepared concrete, using 

a suitable primer and waterproofing product as well as careful 

application. However, the bonding result varies with the 

temperature conditions at the time of testing. In the case of 

SBS bitumen sheets, bonding normally increases when the tempe-

rature falls. 

According to measurements made on sheet No. 1, bonding in the 

field (bridge No. 1 and bridge No. 3) is approximately 0.5 

N/mm2  at 25°C, increasing successively to 1.5 at 10°C. Some-

what higher values (Table 6.14) have been obtained in corre-

sponding tests in the laboratory. A calibration curve (Figure 

6.10) can be plotted on the basis of the results obtained in 

the field and laboratory. 

The upper curve in Figure 6.10 illustrates the bonding results 

obtained in laboratory tests. The centre curve derives from 

measurements made during test laying on two concrete bridges. 

The lower curve has then been plotted on the basis of the ap-

pearance of the upper two curves and the present bonding  re-

quirement on the  bridge  (0.5 N/mm2  at 20°C according to 

Bronorm  -88). The curve is proposed to apply as a minimum 

limit for SBS bitumen sheets in waterproofing concrete 

bridges. (A similar relation has been obtained between bonding 

and temperature for sheet No. 2). Adjustment of the limiting 

curves may be necessary in regard to further bonding results 

from test applications on bridges. 
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Figure 6.9. Field equipment for testing bonding. 
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Temperature ( •C )  

Figure 6.10. Bonding tests at varying temperatures for sheet 

No .1. 

0 
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Table 6.14. Bonding tests at varying temperatures on 

bridges and in the laboratory. 

BONDING TO CONCRETE (N/mm2) ** 

Temp*  

(*C)  

Sheet No. 1 

with primer No. 1 

Sheet No. 2 

with primer No. 2 

Bridge 	Laboratory 	Laboratory 

No. 1 	No. 3 	test 	 test 

	

5 	 1.9 	 >1.8 

(1.7-1.9) 

	

10 	 1.5 	1.8 	 >1.6 

(1.3-1.8) 	(1.7-1.9) 

	

15 	1.0 	 1.2 	 1.1 

(0.7-1.3) 	 (1.0-1.3) 

	

20 	 0.9 	 0.9 

	

25 	0.5 	 0.8 	 0.7 

(0.5-0.7) 

	

30 
	

0.5 	 0.4 

+ 1°C 

** Increase in tensile strength: Approx. 200 N/s (manual pump) 
Diameter of sample: 5 cm 
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7. 	ADVANTAGES AND DISADVANTAGES OF DIFFERENT TYPES OF 

BRIDGE WATERPROOFING 

As mentioned earlier (Section 5.2), high requirements are set 

on the "ideal waterproofing" for concrete bridges, including 

general product requirements as well as requirements on the 

underlying surface, protective layer and application. 

No waterproofing system is "ideal". All have their individual 

advantages and disadvantages that are more or less decisive on 

performance. The more important advantages and disadvantages 

of certain waterproofing types such as mastic asphalt, polymer 

bitumen sheets and polyurethane are summarised below [15, 35, 

47]. 

	

7.1 	Mastic asphalt 

As mentioned earlier (Section 3.4), mastic asphalt on a venti-

lating glass fibre net is a commonly used waterproofing system 

on Swedish concrete bridges. The results from the system have 

mainly been good. A particular advantage of the system is that 

it is jointless. 

However, mastic asphalt must be regarded as a perishable 

material in that lengthy transport and warming-up may detract 

from the quality of the product or even make it unusable. 

Blistering is another disadvantage that should be observed, 

together with susceptibility to cracking of the mastic at low 

temperatures. 

In other European countries, varying types of mastic asphalt 

or mastic asphalt waterproofing are used. If the waterproofing 

is laid on a ventilating layer of glass mat for example, 

(instead of a net) the waterproofing system will be "loose" on 

the bridge deck, resulting in better crack-bridging ability. 

However, the risk of water spreading beneath the waterproofing 

from local damage and leakages increases, as does the risk of 

movement (sliding) of the waterproofing and paving. 
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The addition of a polymer makes mastic asphalt less suscep-

tible to cracking and also more stable. However, such addi-

tives make the product more expensive and more sensitive to 

transport. 

7.2 	Polymer bitumen sheet 

Preformed polymer bitumen sheets are frequently used in 

Europe. However, they vary in structure, material quality and 

execution. Waterproofing systems with polymer bitumen sheets 

were introduced in Sweden in connection with  Bronorm  -88 (see 

Section 3.5). 

The advantages of the system include preformed manufacture and 

easy quality control, which in turn should lead to more uni-

form product quality. Similarly, any follow-up inspection and 

repairs of the waterproofing are also easy to perform. Perhaps 

the greatest advantage of the system is its crack-bridging 

ability, a particularly important property in certain struc-

tures in climatic zones with low temperatures. However, this 

property varies according to the type of polymer. Like mastic 

asphalt (not laid loosely) waterproofing systems with polymer 

bitumen sheets provide good bonding to the underlying surface 

and overlying protective layer (see, however, Sections 6.2.3 

and 6.2.4). 

Disadvantages of the system lie mainly in aspects of its in-

stallation. The waterproofing system requires professional 

application. The quality and evenness of the concrete are of 

decisive importance for the results and cannot be emphasised 

sufficiently in this context. A sensitive procedure is over-

lapping, which must be carried out with such care that no 

large pockets occur in which water may accumulate. In addi-

tion, welding must be carried out so that neither the sheet 

nor the concrete is overheated. Blistering is a problem, that 

may occur beneath the waterproofing (see Section 5.1 and 

6.2.3). 
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For this reason, the waterproofing should not lie unprotected 

longer than necessary. In the case of waterproofing sheets 

coated with granules, it is also vitally important to apply 

the protective layer as soon as possible, since water and 

moisture can easily accumulate in voids between the granules 

and severe blistering may occur when laying the protective 

layer if this consists of mastic asphalt. Apart from this, 

mastic asphalt as protective layer must also be used with dis-

crimination. Only polymer bitumen sheets with high thermal 

stability may be combined with mastic asphalt, which is 

applied at about 240°C. 

As mentioned previously, (Section 3.5), waterproofing systems 

with one or two layers of sheet are in use. Waterproofing con-

sisting of two layers may be expected to give greater relia-

bility of application, but also greater variations in the 

thickness of the total waterproofing layer [35]. 

According to French results [18], welding is preferable to 

bonding with bitumen adhesive compound (pour and roll techni-

que). Adhesive compound of oxidised bitumen leads to the 

waterproofing system having poorer crack bridging ability and 

flexibility at low temperatures compared to adhesive compound 

with polymer bitumen. 

However, waterproofing systems in which various polymer bitu-

mens and application procedures have been combined are in use, 

for example in Austria. One such system is designed so that 

the lower sheet, which is an  SES  bitumen sheet with glass 

fibre core, is bonded to the underlying surface with an APP 

bitumen. An APP bitumen sheet with a highly placed polyester 

core is then welded to the surface of the SBS sheet. The core 

in each sheet is impregnated with oxidised bitumen. The water-

proofing system is considered to have excellent shear resis-

tance properties at higher temperatures, although there are no 

documented results of aging properties, for example [21]. 
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Waterproofing sheets of oxidised bitumen are used by tradition 

in many European countries. Results in Denmark have been very 

good [48]. However, waterproofing systems with sheets of oxi-

dised bitumen have a narrower temperature range than polymer 

bitumen sheets and thereby also poorer low temperature proper-

ties (see Section 4.4). 

7.3 	Polyurethane 

Occasionally, synthetic products applied in liquid form are 

used for waterproofing concrete bridges. One such product is 

polyurethane. Others in the same waterproofing group include 

various types of epoxy or  elastomer  products. 

The advantages of polyurethane are primarily good crack-

bridging ability and the elimination of joints and edges. 

Among the disadvantages is the need for good weather during 

waterproofing work, since the waterproofing is highly sensi-

tive to moisture and temperature. There is a high risk of 

blistering in unfavourable weather conditions. The product is 

manufactured on site, which sets high demands on mixing and 

application technique. Quality inspection is therefore diffi-

cult to carry out. Normally, the system is applied in two 

layers and it is often very difficult to obtain the desired 

even thickness over the whole bridge deck. The health hazards 

(in exposure to isocyanate fumes or aerosols) are also con-

siderable, and application thus requires special safety mea-

sures and trained personnel. Finally, the waterproofing system 

is comparatively expensive. 

Waterproofing with polyurethane has been tried experimentally 

in Sweden on one bridge in 1988. The results were disappoint-

ing. The waterproofing, which was removed in 1990, had 

successively become detached from the underlying surface, 

which had been treated with polyurethane primer. 
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Furthermore, very poor bonding was obtained between the water-

proofing and the protective layer of asphalt concrete. The 

bonding with a layer of mastic asphalt was also insufficient. 

In the latter case, there was also severe blistering as a 

result of the moisture that the waterproofing had evidently 

absorbed during the night between laying of the waterproofing 

and application of the protective layer. In laboratory tests, 

the cured waterproofing absorbed 3-4% by weight of water [47]. 

According to French results, polyurethane waterproofing is a 

feasible choice only in the southern parts of the country 

[18]. In Switzerland, however, polyurethane is considered to 

be an interesting waterproofing product although, in view of 

the health hazards, it cannot be applied by spraying [18]. In 

Finland, some 50 bridges have been waterproofed with polyure-

thane. No results have been documented. 

Table 6.15. Advantages and disadvantages of different types 

of waterproofing for bridges. 

WATERPROOFING ADVANTAGES 	 DISADVANTAGES 

Mastic asphalt - no joints 	 - perishable 

(without polymer) 	 - blistering 

- cracking 

Polymer bitumen - preformed 	 - overlapping 

sheet 	 - easy follow-up 	- welding (concrete and sheet 

inspection and 	must not be overheated) 

repair 	 - blistering 

- crack-bridging 	- protection needed during 

installation 

caution when using mastic 

asphalt as protective layer 

Polyurethane 	- no joints 	 - sensitive to climate, blistering 

- crack-bridging 	- exact mixing, special technique 

- difficult inspection 

- several layers, thickness 

- health hazard 

- cost 
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TEST METHODS AND COMMENTS ON WELDABLE POLYMER BITUMEN SHEETS 

- WATERPROOFING SHEET 

1. Thickness 

Method:  

Thickness is determined with the aid of a magnifying glass at 

a minimum of 10 points along the entire width of the water-

proofing roll, except for the outermost 10 cm on each of the 

longer sides. 

Comments:  

According to the requirements specifications in  Bronorm  -88 

for a single layer weldable bitumen sheet, the total thickness 

must be at least 5.0 mm. The bitumen thickness beneath the 

core must be at least 3 mm. This is necessary in view of the 

risk of damage to the core during welding (polyester with-

stands temperatures of up to 180°C). Furthermore, the evenness 

of the concrete surface varies and a certain surplus of bitu-

men must therefore be provided to fill out any irregularities. 

2. Weight per unit area 

Method:  

Weight per unit area is determined on three samples each mea-

suring 100 mm  x  100 mm. These are cut at equal intervals along 

the roll of waterproofing and are then weighed. 

3. Tensile strength and elongation 

Method:  

Tensile strength and elongation are determined at room tempe-

rature (approx. 23°C) and at -20°C. Tensile testing is per-

formed on individual samples and on samples joined by welding 

(or pour and roll technique). 
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Tensile testing is performed at a rate of 100 mm/min in room 

temperature and at 10 mm/min at -20°C. Width and initial dis-

tance between clamps length are 50 and 100 mm respectively. On 

a joined sample, the joint constitutes 50 mm of the sample 

length. Testing is performed on samples taken in both longi-

tudinal and transverse directions (five samples in each 

direction). Prior to testing, the samples are allowed to reach 

the relevant temperature. 

Maximum tensile strength is recorded and the elongation is 

calculated as a percentage of the initial distance between 

clamps. 

Comments:  

The test method agrees generally with the proposed  CEN  norm, 

UEAtc [24], Swiss testing procedure [27] and the French norm 

[33]. However, only the French norm prescribes testing at a 

lower temperature (-10°C, 10 mm/min). 

Testing at a lower temperature (-20°C) is motivated by the 

fact that a number of studied products with high tensile 

strength (>800  N)  and good elongation (>40%) at room tempe-

rature have shown considerably reduced elongation at -20°C 

(<5%), while other products have retained good elongation 

(>20%). 

According to the requirements specifications in  bronorm  -88, 

the maximum tensile strength must be at least 800  N  at both 

test temperatures, while elongation must be at least 40 and 

20% respectively. In joined samples, the tensile strength at 

both test temperatures must be at least 650  N.  

4. Tensile strength of joints 

Method and comments as in method 3. 
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5. Flexibility (bending test) 

Method:  

Flexibility in cold temperatures is measured on non-aged 

samples and on samples aged by being suspended freely at 

70°C in a ventilated drying oven for 6 months. 

Testing is carried out in a coldstore at -20°C, -15°C, -10°C 

and so on (in steps of 5°C). Samples measuring 200 mm  x  50 mm 

are cut in longitudinal and transverse directions. Normally at 

least 3 samples are taken per material and temperature. The 

samples and cylindrical mandrel are stored at the respective 

test temperature for at least 2 hours before testing begins. 

Samples kept in heated storage are tested only in the longi-

tudinal direction. 

During testing, the sample is bent manually with the upper 

surface of the sheet in contact with the mandrel. Bending is 

performed at an even rate for 5 seconds. The sample is then 

inspected visually and any changes such as cracks and failures 

are noted. 

Normally, a mandrel with a radius of 15 mm has been used. For 

"deviating" thicknesses, a mandrel with a radius of approxi-

mately 5 times the thickness of the bitumen layer beneath the 

core is used. 

If all samples are found free of cracks at a specified tempe-

rature, the product is considered to have passed the bending 

test at this temperature. Samples with occasional cracks 

(depth <0.5 mm) are accepted. 

Comments:  

The test method generally agrees with the bending test in DIN 

52123. According to the present  CEN  proposal the bending test 

must be performed by machine (for better repeatability and 

reproducibility). 
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According to the requirements specifications in  Bronorm  -88, 

non-aged samples must pass the bending test at <-20°C. Samples _ 
kept in heated storage at 70°C for 6 months must pass the same 

bending test at <-10°C. 

6. Dimensional stability 

Method:  

Dimensional stability under the influence of heat is investi-

gated in both the longitudinal and transverse directions. The 

size of the samples is 400 mm  x  50 mm. Five samples are taken 

in each direction. 

To provide a measuring base (see Figure 1.1), a nut (M5) is 

glued to the exposed core at one end of the sample. An alu-

minium sheet is attached with a staple gun at the other end of 

the sample. 

The samples are placed flat against a glass plate coated with 

talc. The samples together with the glass plate are placed in 

heated storage for 28 days at 70+2°C. 

Using a pair of "dividers", consisting of a 400 mm long metal 

rod with a steel ball welded to one end, and a magnifying 

glass, the distance (10) between the centre of the measuring 

base and the staple is measured. The dividers are placed in 

the measuring base and a mark is scratched with the point. 

After heated storage and further conditioning, a second mark 

is scratched in the aluminium sheet. Al is then determined 

with the aid of the magnifying glass. The change in length may 

be positive or negative. Relative change in length  (si)  in per 

cent is calculated as:  

E - + Al x 100 (%) l - _ 
10 
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Aluminum sheet 

to 

Figure 1.1. Equipment for measuring dimensional stability. 

Comments:  

The test method generally agrees with the Swiss test proce-

dure. However, the test temperature and duration of heated 

storage are 80°C and 20 hours respectively (according to the 

present  CEN  proposal) in the Swiss norm. 

According to the requirements specifications in  Bronorm  -88, 

shrinkage in the longitudinal direction must not exceed 0.40% 

and extension in the transverse direction must not exceed 

0.25% (in agreement with the Swiss requirements specifica-

tions). 
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7 	Heat resistance (flow) 

Method:  

In this test, samples (100 mm  x  100 mm) are suspended verti-

cally for 2 hours at 100°C in a ventilated drying oven, after 

which they are assessed in regard to flow, i.e. running of the 

covering layer caused by heat. 

The test method generally agrees with UEAtc, German and Swiss 

procedure. According to the present  CEN  proposal, the method 

will be altered in regard to "suspension device" and "read-off 

procedure". 

Comments:  

The comparatively high test temperature (100°C) is motivated 

by the fact that differences between "better" and "poorer" im-

pregnation cannot be expected to appear below this tempera-

ture. 

According to the requirements specifications in  Bronorm  -88, 

the sample must not demonstrate any flow (<0.5 mm) after 2 

hours at 100°C. 

	

8. 	Resistance to chemicals 

Method:  

Testing of resistance to chemicals involves storage in water, 

de-icing salt (18% NaCl solution) and alkali solution (satu-

rated Ca(OH)2  solution) at room temperature. At least two 

samples (200 mm  x  300 mm) are stored submersed in vessels. The 

volume of liquid is kept constant during storage. 

After about 6 months' storage, the samples are removed and 

examined in regard to visible changes as well as change in 

weight (after superficial drying). Two smaller samples (100 mm  

x  100 mm) are then cut (50 mm in from the edge of each origi-

nal sample) and dried to constant weight at 20-30°C. The 

change in weight is noted. 
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For waterproofing sheets having an upper surface coated with 

granules, samples are stored both with and without granules 

to determine how must liquid is contained in the voids between 

the granules. 

Comments:  

The test  method  is  based on  a  German proposal  [49] from  BAM 

(Bundesanstalt für Materialprüfung).  

According to the requirements specifications in  Bronorm  -88, 

no visible changes may occur in the waterproofing sheet 

(holes, shrinkages etc). The measured change in weight must 

not exceed 1.0% by weight (sample without granules). 

9. 	Perforation resistance 

Method:  

In the perforation test, which is carried out at room tempera-

ture, a conical weight is allowed to fall freely onto the 

waterproofing sheet (Figure 1.2). The degree of penetration is 

then assessed with the aid of water pressure testing. 

A sample (400 mm  x  200 mm) is placed (not welded) on a con-

crete surface and "perforated" at 36 points. A falling weight 

(1.0 kg) of steel with a conical (900) point is allowed to 

fall freely from a height of 200 mm. 

Circular samples (diameter 135 mm) are then cut for water 

pressure testing. At least two samples of each material are 

examined. In testing, the sample is mounted firmly (with the 

upper surface facing upwards) in the equipment (Figure 1.3). 

The slotted disc is placed on top of the sample so that a per-

foration point appears in each slot. 

Under the influence of dynamic water pressure (0.5 MPa) the 

sample is then examined to determine whether it remains imper-

vious for 1,000 cycles. If a leakage occurs, the test is 

terminated. 



1 
i 

i 



APPENDIX lA 

Page 8(9) 

In the case of samples having an upper surface coated with 

granules, the granules are always removed before testing. 

Comments: 

The perforation equipment is based on a British [50] and 

American [51] pattern. Water pressure testing is mainly 

carried out in accordance with a German proposal for testing 

[49]. 

According to the requirements specifications in  Bronorm  -88, 

the waterproofing must withstand water pressure testing after 

perforation without any leakages occurring. 

Figure 1.2. Equipment for perforation test. 
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LOAD FUNCTION 

Figure 1.3. Equipment for determination of the resistance 

of waterproofing sheets to water pressure. 
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TEST METHODS AND COMMENTS FOR WELDABLE POLYMER 

BITUMEN SHEETS - BITUMEN AND PRIMER 

10. 	Softening point (ring and ball) 

Method:  

Determination of softening point (ring and ball) is normally 

carried out on bitumen taken from the lower surface of the 

waterproofing sheet (weldable bitumen). Two samples of bitu-

men, cast into brass rings and each loaded with a steel ball, 

are heated at a controlled rate in a glycerol bath. Under the 

influence of the steel balls, samples assume the form of a 

sack. The softening point of each sample is the temperature of 

the bath when the sack-shaped sample reaches a bottom plate 

25 mm beneath the ring (Figure 1.4). 

In sample preparation, 20-25 grams of each sample are heated 

in an oven at 200°C for 30-60 minutes. 

Determination of softening point is carried out prior to 

aging, after heated storage for 6 months at 70°C and after 

heated storage in contact with an edge sealing product for 

3 months at 50°C. In heated storage against an edge sealing 

product, the sample (2 mm weldable bitumen) is placed against 

the particular sealing product (2 mm layer) with a polyester 

fabric in between. The softening point of the polymer bitumen 

is determined after completed heat storage and is compared 

with a reference which has not been in contact with the edge 

sealing product during heated storage. 

Comments:  

Testing is generally carried out in accordance with test 

method MBB 38-82 (designed on the basis of ASTM  D  36-76). 
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According to the requirements specifications in  Bronorm  -88, 

the softening point must be at least 120°C on a non-aged 

sample. The requirement is set with regard to SBS bitumen. 

The softening point of APP bitumen in this context is normally 

about 150°C. After 6 months in heated storage at 70°C and 

3 months at 50°C in contact with an edge sealing product, the 

softening point of a polymer bitumen must not have changed by 

more than 10°C. 

Steel ball 

Sample of bitumen 

Brass ring 

        

        

       

       

   

25 

     

         

Bottom plate 

        

         

Figure 1.4. Determination of softening point by ring and 

ball. 
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11. 	Water repelling ability of the primer 

Method:  

100  g  of quartzite aggregate is weighed in a glass beaker, 

after which 2  ml  distilled water is added. A lid is put on 

and the beaker is shaken until the aggregate is evenly mois-

tened. 5  ml  primer is added and the aggregate is carefully 

shaken for 30 s. 

The water repelling ability of the primer is assessed in the 

following way. 

Half of the quartzite aggregate is placed on a sheet of white 

paper, where it should display an even, dark surface with no 

light coloured or patchy areas. The other half of the aggre-

gate is transferred to a white porcelain bowl, after which 

distilled water is carefully added around the edge of the 

bowl. The amount of primer washed away must be so small that 

only occasional brown patches appear on the surface of the 

water (surplus primer). Finally, the aggregate is rinsed with 

distilled water. After rinsing 3-4 times, the aggregate in the 

bowl must have a green-brown or brown colour. 

Comments:  

The test is performed in accordance with a Danish method, in-

tended for bitumen primer. The results given an idea of the 

primer's ability to repel water from the aggregate surface and 

to adhere to it. 

According to the requirements specifications in  Bronorm  -88, 

the primer must be water-repellent, which in the case of a 

bitumen primer, for example, requires the addition of a cer-

tain amount of adhesive agent. On the basis of results so far 

obtained from laboratory tests, a primer that does not demon-

strate a water-repellent ability as above will not fulfil 

applicable performance requirements when used in conjunction 

with the particular waterproofing sheet (see Appendix 1C and 

Section 6.3.2). 
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TEST METHODS AND COMMENTS FOR WELDABLE POLYMER BITUMEN 

SHEETS - WATERPROOFING SYSTEM 

12. 	Tensile bond 

Bonding to concrete, to protective layers of asphalt concrete  

(MAB  4T) and mastic asphalt and to sealing products is in-

vestigated. 

Method:  

Testing is performed at 20+1°C. 

Prior to testing, steel stamps (diameter 50 mm) are attached 

to the waterproofing by means of epoxy adhesive. The sheet is 

then cut around the stamp down to the underlying surface. 

During testing, the steel stamp is pulled away with an in-

crease in tensile force of 200 N/s applied perpendicularly to 

the test plate. The tensile force at break and the type of 

break are recorded. Pulling is applied to three areas on the 

test plate (Figure 1.5). 

Figure 1.5. Bonding test. 
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Waterproofing - concrete 

Samples of waterproofing (200 mm  x  400 mm) are applied to 

sandblasted and well brushed concrete slabs (175 mm  x  350 mm  

x  40 mm) of "standard quality". A suitable amount of primer 

(normally about 200-300 g/m2) is distributed evenly on the 

test slab using a brush. After drying for a length of time re-

commended by the manufacturer, or approximately 24 hours, the 

waterproofing sheet is applied (by welding or pour and roll 

technique) and is pressed down by a sand-filled cylinder 

(weight about 3.5 kg) rolled ten times back and forth across 

the test slab. A weight (concrete slab, approx. 6 kg) is fin-

ally laid on the test slab. 

Prior to testing, the test slab is aged. Aging comprises the 

following cycle for a total of 39 days (Figure 1.6): 

- Thermal shock (180°C). A warm concrete slab is placed on 

the waterproofed side of the test slab and allowed to cool 

there. The two slabs are separated by silicone paper. 

- Storage in 18% NaC1 solution for 10 days. The test slab is 

placed on supports so that the waterproofing (but not the 

concrete) is in direct contact with the NaCl solution. 

- Heated storage at 70°C for 21 days. 

- Freeze-thaw cycles (7) in which the test slab is placed 

alternately in water (room temperature), cold (-15°C) and 

heat (70'). 

Bonding is determined in accordance with the method described 

above (page 1, Appendix 1C). 
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AGING SCHEDULE 

Application 

Thermal shock 

  

Storage in 
de-icing salt 

Heated storage 
704 C 

reer 

70.0 

reer 

  

  

Freeze - thaw 
cycle 

r4111.11r 24  
-15°C 

Figure 1.6. Aging schedule for test slabs. 

Waterproofing - asphalt concrete 

A sample of waterproofing (200 mm  x  400 mm) is placed with its 

upper surface facing upwards to form the bottom of a steel 

mould (175 mm  x  350 mm). The paving mix  (MAB  4T, approx. 5 kg, 

150°C) is then applied to the sample in three layers and com-

pacted with the aid of a manually operated Marshall stamp 

(3.2 kg) and hot (150°C) metal plate for pressure distri-

bution. In "loading" of the respective layer, the stamp is 

allowed to fall freely 50 times from about 10 cm height onto 

the hot metal plate. When the test plate and mould have 

cooled, the mould is removed and the test slab inverted. The 

test slab will be about 3 cm thick. 

Bonding is determined in accordance with the method described 

above (page 1, Appendix 1C). 
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Waterproofing - mastic asphalt 

A sample of waterproofing (200 mm  x  400 mm) is placed with its 

upper surface facing upwards to form the bottom of a steel 

mould (175 mm  x  350 mm). Mastic asphalt (approx. 5 kg, 24000) 

is poured in to a thickness of about 3 cm. When the test slab 

and mould have cooled, the mould is removed and the test slab 

inverted. 

Bonding is determined in accordance with the method described 

above (page 1, Appendix 1C). 

Waterproofing - sealing 

A sample of waterproofing (applied to a concrete slab, see 

section Waterproofing - concrete above) is sealed with an edge 

sealing product. When the sealing has cured for at least 

7 days, the test slab is subjected to thermal shock (150°C) 

Bonding is determined in accordance with the method described 

above (page 1, Appendix 10). 

Comments:  

The bonding test is generally carried out in accordance with 

a German test method  (BAM,  1983) [49]. 

According to the requirements specifications in  Bronorm  -88, 

bonding between waterproofing and asphalt and between water-

proofing and sealing must be at least 1.0 N/mm2. Bonding be-

tween waterproofing and asphalt concrete must be at least 

0.5 N/mm2. Failure must occur in the asphalt concrete. 

13. Shear resistance 

Shear or sliding resistance is investigated. 
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Method:  

Testing is performed at 20 + 1°C. 

Primer and waterproofing sheet are applied in accordance with 

the procedure described above to both sides of a sandblasted 

and brushed concrete slab (115 mm  x  155 mm  x  40 mm). (See 

method No. 12, section Waterproofing - concrete). 

The test slab is then placed in a mould (Figure 1.7) and one 

of the waterproofed sides is covered with  MAB  4T (150°C) or 

mastic asphalt (240°C). (See method No. 12, sections Water-

proofing - asphalt concrete and Waterproofing - mastic 

asphalt). The mould is inverted when the paving mix has cooled 

and the opposite waterproofed side is coated in the same way. 

Two samples with the respective paving layer are produced. The 

samples are kept in heated storage in the mould for 3 months 

at 50°C before being mounted in a prestressing device (Figure 

1.8). A steel plate for pressure distribution is placed on the 

upright concrete slab. A lubricant such as silicone grease is 

applied to the metal table on which the device stands during 

testing. 

The prestressing device with fitted sample is placed in 

pressure testing equipment. The sample is prestressed with 

0.07 N/mm2  after which shear force is applied at a rate of 

shear of 10 mm/min. 

During the test, the shear resistance is recorded. The shear 

resistance is calculated as follows: 

= H 
2A 

• H  = recorded shear force  (N)  
A = area of test slab (mm2) 

Comments:  

The test is generally carried out in accordance with a German 

test method. [49]. According to the requirements specifica-

tions in  Bronorm  -88, the shear resistance after 10 mm sliding 

distance must be at least 0.15 N/mm2. 
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Figure 1.7. Mould for producing sample to test shear 

resistance.  
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Figure 1.8. Prestressing device for testing shear 

resistance. 
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14. 	Crack-bridging ability 

Crack-bridging ability is tested at low temperature. During 

the test, the width of a crack in a concrete slab is rapidly 

varied by a large number of load fluctuations. Tensile and 

compressive forces are recorded and the waterproofing is 

assessed visually both during and after the test. 

Method:  

Waterproofing sheet (200 mm  x  350 mm) is applied as in method 

No. 12, section Waterproofing - concrete to specially manu-

factured concrete slabs (200 mm  x  350 mm  x  35 mm) of quality 

K40, sandblasted and sawn across the middle to induce a crack. 

A total of eight samples of the waterproofing are applied in 

the longitudinal and transverse directions. Half of the test 

slabs are aged prior to testing (in accordance with method No. 

12, section Waterproofing - concrete, Figure 1.6). 

The test slab is "strengthened" with a steel plate (150 mm  x  

350 mm  x  3 mm) screwed to the waterproofed upper surface of 

the test slab (screw threads are cast into the concrete slab). 

The waterproofing sheet is cut through along the long sides of 

the metal plate and the waste pieces are carefully removed so 

the remaining waterproofing has the same area as the metal 

plate. The test slab is then sawn further so that about 3 mm 

remains to the waterproofing. (The "strengthening plate" pre-

vents the test slab cracking further owing to residual 

stresses in the concrete) after sawing. 

Prior to testing, the test slab is conditioned to -20°C 

(overnight). 

Prior to testing, the test slab is placed in the test equip-

ment at -20°C (Figure 1.9), the metal plate is removed, the 

test slab is clamped and loaded with two pressure plates each 

with a pressure of 150 kg. The distance between the pressure 

plates is 10 mm. 



e  

APPENDIX 1C 

Page 8(8) 

Before testing, the test slab is made to crack naturally at a 

rate of 1 mm/min in the test equipment. When the concrete 

cracks, a crack width of <0.3 mm is normally recorded. The 

crack in the concrete is widened to 0.5 mm at a rate of 

1 mm/min and is then varied by 0.2 mm between 0.5 mm and 

0.7 mm. Tensile and compressive forces are recorded and the 

test slab is observed visually during the test. After 1,000 

load fluctuations at a frequency of 1Hz (1 pulse/s) the test 

slab is removed from the equipment and examined visually for 

different types of failure in the waterproofing such as crack-

ing and loss of bonding along the crack in the concrete and in 

bonding to the rest of the concrete. 

Comments:  

According to the requirements specifications in  Bronorm  -88, 

no cracks or bonding losses are to be observed visually during 

or after the test. 
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Figure 1.9. 	Equipment for testing crack-bridging ability. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114



