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Foreword

The VTI has taken part in the Swedish Civil Aviation Administration s project "De

icing of runways and aircraft, sub project Requirements speci cations". The sub-

project is co-funded by the Forti cations Administration, the Norwegian Civil

Aviation Administration and the Swedish Civil Aviation Administration.

One of the aims of the project has been to develop a method for analysing the

in uence of de-icing agents on runways. The project has included laboratory tests,

participation in a weather simulator experiment in Trondheim and production of

documentation.

The Notat summarises the work performed at the Institute, together with results

and selected parts of the investigations in the Trondheim experiment.

The Trondheim experiment is part of the sub-project and forms a joint project

between the Swedish and Norwegian Civil Aviation Administrations, the VTI,

SINTEF and BYGGFORSK (the Norwegian Building Research Institute). The

project includes weather simulator tests at BYGGFORSK and has been carried out in

consultation with a number of de-icing agent manufacturers in Sweden, Norway,

Germany and Great Britain. Planning and interim seminars have been held at the VTI

and at SINTEF and BYGGFORSK respectively. A special seminar on de icing has

been arranged by the Swedish Civil Aviation Administration at Arlanda.

The following persons have taken an active part in the sub-project:
Joralf Aurstad SINTEF

Ylva Edwards VTI

Bertil Ekhaga LFV Teknik (Swedish CAA Engineering)

Roland Hanson Arlanda airport
Willfred Helgesen Norwegian CAA

Thomas Helin Landvetter airport

Bj orn Isaksson LFV Teknik (Swedish CAA Engineering)

Sven-Goran Karlsson LFV Inkop (Swedish CAA Purchasing)

Geir Lange Norwegian CAA

Tom-Nils Nilsen BYGGFORSK (Norwegian Building Research Institute)

Armann Norheim Norwegian CAA

Johann Rollén LFV Teknik (Swedish CAA Engineering)

The VTI has participated at the invitation of the Swedish Civil Aviation

Administration, LFV Teknik. Project leader at LFV Teknik has been Johann Rollen.

The laboratory analyses in the Institute's accredited laboratory have been

performed by Jane Salomonsson, Helene Wallgren, Joakim Wahlstrom and Karl Axel

Thomstrom. Project leader at the VTI was Ylva Edwards.

We wish to thank the client to entrusting the Institute with this stimulating and

interesting project.

Linkoping, November 1998

Ylva Edwards
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Durability problems on Nordic airfields - the influence of de-icing

agents on asphalt concrete pavements.

A Norwegian/Swedish joint project between the CAA, VTI, SINTEF and
BYGGFORSK

by Ylva Edwards, Johann Rollén, Geir Lange, Joralf Aurstad and

Tom-Nils Nilsen

Summary
Results and experience from a Norwegian/Swedish joint project on the detrimental

effect of runway and aircraft de-icing agents on asphalt pavements and on materials

used in related contexts, such as lighting installations and vehicles are described.

The Notat deals mainly with runway de-icing agents and their effect on bitumen

and asphalt concrete. The Trondheim experiment entails exposure of airport

pavements in a weather simulator and forms an important part of the project.

The Norwegian/Swedish joint project is part of the development programme "De-

icing of runways and aircraft" being carried out by the Civil Aviation Administration

and which aims at optimising aircraft de-icing and anti-skid measures at airports with

regard to the environment, regularity and economy with maintained maximum safety.

In the 1998 tendering process for the purchase of de-icing agents the CAA has

included some supplementary Technical Requirements for the in uence of de-icing

agents. Some ten products have so far been tested at VTI according to this speci c

test program.

Laboratory investigation of binders

Laboratory studies of binders and asphalt concrete have been performed. A certain

softening effect was observed in bitumen. The studies found that resistance to de-

icing agents increases with increasing hardness of the conventional binder. The effect

becomes more pronounced with time, temperature and concentration of the chemical.

Among the de-icing agents tested, potassium formate and sodium formate had the

greatest in uence on the binder. The in uence of the acetate-based de-icing agents is

somewhat less than for the formates. The in uence of CMA is less than for the other

acetate products and the in uence of urea considerably less.
Other signi cant parameters concerning the de icing agent are the pH value and

the surface tension properties of the solution. The pH value and surface tension

proved to be of decisive importance for the adhesion between binder and aggregate in

an asphalt pavement (and on the aggregate itself).

The laboratory investigation included three polymer modi ed bituminous binders.

Of these, the binder least affected by de-icing agent is an aviation fuel resistant binder

with a high softening point.

Laboratory investigation of asphalt concrete

A number of possible laboratory methods are described for assessing the in uence of

a de-icing agent on the surface of an asphalt pavement. The intention has been to

VTI notat 24A- 1999 5



develop one or more suitable methods for "capturing" the softening effect of a de-

icing agent on asphalt concrete in a measurable way.

In the rst hand, a method has been developed for surface tensile strength and

adapted with regard to parameters such as storage time, storage conditions,

temperatures and pre processing of the test surface.

The method has been used for evaluating the pavements in the Trondheim

experiment. Tests have beenperformed before and after exposure in the weather

simulator.
A method description has been produced in connection with the new

supplementary requirements in the technical requirement speci cation drawn up by

the Civil Aviation Administration.

The Trondheim experiment

The Trondheim experiment is an important part of the work of developing methods

for testing the effects of aircraft and runway de-icing agents on materials used at

airports. This include determining the in uence of de-icing agents on asphalt concrete

and on materials used in related contexts, such as lighting installations and vehicles.

The Notat deals mainly with the asphalt pavement, including a weather simulator

experiment and tests performed in connection with this.

Test slabs of asphalt pavement were taken from the runways at four airports

operated by the Civil Aviation Administration of the respective country.

Accelerated arti cial ageing has been performed in a weather simulator for a total

of 13 weeks. This is considered to correspond to about 2 years exposure at a Nordic

airport (with runway de icing on about 50 days each year). The equipment and cycles

are described in a report produced by BYGGFORSK (the Norwegian Building

Research Institute).

The following methods have been used in an attempt to evaluate the in uence on

airport pavements in the weather experiment:

Visual assessment

Material composition and binder analysis

Surface tensile strength

Indirect tensile strength

Dynamic creep test (to a limited extent)

Microscopy (in occasional cases)

Analysis of runoff water

Visual assessments of the appearance of, and changes in, the test slabs were made

at the end of the tests. The overall visual impression is summarised below:

0 In uence in terms of damage and loosening of aggregate is slight.

0 The test slabs exposed to water and urea respectively have a dry top surface

after the tests, while those exposed to potassium acetate, potassium formate or

a mixture of potassium acetate and glycol are moist and "greasy" on the

surface and in the voids.

6 VTI notat 24A- 1999



o The top surfaces of the test slabs exposed to urea are covered with a light grey

deposit.

0 The brushes used for potassium acetate, potassium formate and a mixture of

potassium acetate and glycol were very black, while the brushes used for urea

and water respectively appeared clean.

The last of the above observations is considered to be a good illustration of the

softening of the top surface which occurred in the experiment. Microscope studies

produced the same indications.

However, no major changes were found in the surface tensile strength of the

pavements subjected to the weather simulator. A difference that should be noted in

this respect is that the break in the pavement after treatment with de-icing agent in the

weather simulator was more varied and lay closer to the surface of the pavement.

This change in the failure picture has not occurred in those pavements exposed to

water instead of de-icing agent in the weather simulator. As a rule, the break has also

occurred further down in the samples of the pavements exposed to urea.

The probable reason why no major changes in surface tensile strength of the

pavements have been obtained is that comparatively small quantities of de-icing

agent have beenapplied and that the experiment has been in progress for only a short

time.

Further studies are proposed, including the development of other methods and

method veri cation.

VTI notat 24A 1 999 7



VTI notat 24A-1999



1 Orientation

The need for such a project has grown in pace with the increasing problems

associated with de-icing of runways and aircraft.

Traditionally, urea hasbeen used as de icing agent at airports. However, urea

contains a large proportion of nitrogen that can be absorbed by vegetation, causing

over-fertilisation of soil and watercourses around airports. Puri cation and nitrogen

reduction of water containing urea has not been considered feasible.

For this reason, the Civil Aviation Administration decided several years ago to

change to nitrogen-free salt for runway de icing. At Arlanda, urea has been replaced

by acetate-based de-icing agents since winter 1992/1993.

After changing to the new de-icing agents, degradation of the asphalt pavement

has been observed at airports such as Goteborg-Landvetter, Sundsvall-Harnosand and

Oslo-Fornebu.
At Landvetter, the binder in the pavement surface has softened up, causing dirt

spray on runway markings and lighting. During winter, large parts of the runways are

continuously wet from de-icing agent. At Sundsvall-Harnosand, there are signs of

disintegration of the pavement and loose stones can be picked out of the surface. At

Oslo-Fornebu, the pavement layer beneath the wearing course (porous asphalt) has

been found to be almost completely dissolved. These phenomena may be a sign that

the de-icing agents used on runways and/or aircraft attack the pavement in some way.

Soon after the introduction of new de-icing agents, negative effects on runway

lighting and spreading equipment for acetates were discovered.

The international requirement speci cations for de icing uids for runways and

aircraft (according to SAE AMS and ISO) primarily contain requirements aimed at
preventing negative effects on aircraft. Only a small number of the requirements

concern effects on airport material.

Two of the general goals of the Swedish Civil Aviation Administration project

"De-icing of runways and aircraft Requirements speci cation" are to design

speci cations for use when purchasing de-icing uids and to design methods for

testing signi cant properties and related requirements.

VTI notat 24A- 1999 9



2 Durability problems on Nordic airfields

2.1 General

During the rst part of the 19903, new types of anti-skid agents and aircraft de-icing

agents were successively introduced on air elds.

Previously, urea had been used to melt ice on runways, thereby providing the

necessary friction for safe take-off and landing. However, increasing interest was

focused on the oxygen consuming effect of urea during its breakdown. The use of

urea was therefore drastically reduced through decisions to limit concessions and

instead new agents based on acetate salts came into use. These have the advantage of

consuming considerably less oxygen during breakdown.

At take-off as well as in ight, it is of the greatest importance that an aircraft be

kept free of ice, snow and frost, since these have a highly negative in uence on ying

qualities. Previously, glycol with relatively low viscosity has been used for de-icing

aircraft. This type of agent (denoted type 1) provides suf cient protection against

icing under most conditions. In certain types of severe weather, however, better

protection is required, and therefore thicker types (type 2 and later type 4) have been

developed and introduced. All these uids are designed to adhere to the aircraft until

take-off, when they run off onto the ground and the aircraft s own de icing equipment

takes over.

As a result of these developments, there has been a change in the situation

regarding the uids used on air eld pavements.

2.2 Degradation of airport material such as runway lighting
and asphalt pavements

In connection with this new chemical treatment, increasing problems have been

observed on air elds. One of these concerns disintegration of the asphalt pavement

seen at airports such as Gothenburg Landvetter, Sundsvall-H'arnosand and Oslo-

Fomebu.

At Gothenburg-Landvetter, the binder in the pavement surface has dissolved,

leading to dirt spray on runway markings and lighting. During the winter, large parts

of the runways are continuously wet from de-icing agent, a phenomenon that has not

occurred previously.

At Sundsvall-H'arnosand, there are signs of dissolving of the pavement to such an

extent that loose stones can be picked out of the surface. To remedy this, the Civil

Aviation Administration was forced to replace the existing wearing course to ensure

safety. At Oslo-Fomebu, the asphalt layer beneath the wearing course (porous

asphalt) was found to be almost completely dissolved. This led to expensive

emergency action to save the pavement, even though the airport was to be closed

down within one year. These phenomena were believed to result from accelerated

degradation of the material by the agents used on the runway and/or aircraft.

On runway lighting and acetate spreading equipment, a negative in uence from

the introduction of new runway de-icing agents was detected at an early stage.
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Problems with the working environment have also been noted. However, these

have been successively reduced by changes in handling routines. The effects have

been documented in earlier studies.

This type of accelerating degradation is a highly undesirable development

affecting air safety, regularity and economy for air eld operators through:

0 Stones loosening from runway surfaces, which can cause damage to aircraft

engines.

0 Damage to runway lighting and equipment, leading to traf c disturbances.

0 Increased degradation of pavements, which shortens their life and increases

capital costs.

For these reasons, it is of the greatest importance to study, identify and remedy the

factors in uencing this unfavourable development.

2.3 Environmental influence

As mentioned earlier, anti-skid and de icing agents have been extensively

environmentally evaluated with regard to oxygen consumption during degradation as

well as toxicity. However, no attention has been paid to possible secondary effects

caused by factors such as degradation of asphalt pavements and equipment, with

consequent leaching or other effects due to the use of these chemicals. However, the

project contains ideas for a broader approach to environmental in uence. An initial

study of the possibilities of performing a life cycle analysis (LCA) on de icing uids

has been conducted and will be followed by more detailed studies.

The results of these will be reported separately.

2.4 Requirements specification for purchasing

The international requirements speci cation for de icing uids for runways and

aircraft (according to SAE AMS and ISO) mainly contain requirements aimed at

preventing negative in uence on aircraft. Only a few requirements concern in uence

on airport material and equipment such as pavements, lighting equipment, etc. Also,

there no requirements on environmental in uence.

The work being conducted in this sub-project will consequently form part of the

complementary work on the existing requirements speci cations planned by the Civil

Aviation Administrations of Norway and Sweden. Initial contacts have been

established with the American standardisation authority ASTM, Committee D04, to

prepare for changes in present world standards for de-icing agents.

This will make it simpler for purchasers to offer incentives to manufacturers for

developing their products in a favourable direction.

VTI notat 24A-1999 l 1



3 Influence of runway de-icing fluids on asphalt
pavements

The following section contains a short description of bitumen and bitumen ageing

from the chemical aspect. The characteristics of de-icing uids and the possible

in uence of de-icing uids on bitumen, mineral aggregate and asphalt concrete are

discussed.

3.1 Bitumen, bitumen ageing and the influence of chemicals
From the chemical aspect, bitumen is a highly complex system consisting mainly of

carbon and hydrogen (90 95%). The remaining 5 10% consists of heteroatoms

(nitrogen, oxygen and sulphur). Trace quantities of metals (such as vanadium, nickel,

iron, magnesium and calcium) are also present in the form of inorganic salts and

oxides. The chemical composition varies according to the origin (oil well),

production process (direct distillation, blowing) and in uence after manufacture

(ageing effects). The various crude oils are chemically and physically different, and

varying bitumen products are thus obtained from them.

The atoms in the bitumen are linked through covalent (strong) bonds to form

millions of different aliphatic, aromatic and cyclical molecules of varying sizes. The

molecules may have an asphaltene, aromatic or saturated structure. Covalent bonds

are a type of chemical bond in which the atoms are linked by one or more common

electron pairs (one electron pair for a single bond, two for a double bond, and so on).

Each covalent bond between substances of different types has a polar character, i.e.

the electrons in the bond are asymmetrically distributed in their orbits between the

atoms. This creates an electric dipole, which is stronger or weaker depending on

which atoms are included. The negative charge has a greater density at one atom than

the other, and the corresponding applies to the positive charge.

Molecules are in turn linked to each other by intermolecular bonds (pi pi bonds,

hydrogen bonds and van der Waals' forces). These bonds are easily broken by heat or

tension, but are recreated when the temperature of the molecules has fallen and/or the

applied load is removed. (The covalent bonds between the atoms in a molecule are

10 100 times stronger than the weaker bonds between molecules, and are normally

not broken or reformed in the bitumen). Pi-pi bonds may occur, for example, between

aromatic molecules. Hydrogen bonds require the presence of hydrogen atoms linked

to small electro-negative atoms. The covalent bonds to such hydrogen atoms are

strongly polarised towards the electro-negative atom, and the partly positive

hydrogen atom is attracted to the negative part of an oxygen atom in another

molecule. The most important molecule group for hydrogen bonds in this context is

the OH molecule group. van der Waals' forces are highly dependent on the number of

electrons in a molecule. In general, the larger the molecule, the greater the

possibilities of inter molecular forces.

12 VTI notat 24A-1999



3.1.1 Bitumen ageing

Bitumen is generally in uenced by atmospheric oxygen, ultraviolet light and

temperature changes. As a result, the bitumen hardens, i.e. its penetration decreases

and softening point increases, as does the penetration index. In general, four different

mechanisms are considered to contribute to bitumen ageing and hardening (oxidation,

loss of volatile oil components, "physical hardening" and exudation). However, the

main cause is considered to be oxidation.

During the manufacture of asphalt mix, the bitumen hardens depending on factors

such as mixing temperature, mixing time and bitumen content. Hardening normally

occurs to a lesser extent during storage and transport.

In the case of an asphalt pavement, such as a runway, the voids content is of the

most decisive importance for hardening of the bitumen. At a low voids content, (g5%

by weight), the bitumen is considered to age only to a limited extent. In the case of

porous asphalt pavements, there is, however, considerable hardening of the binder.

During the ageing process, it is primarily the content of aromatic oils that

decreases, while the content of resins and asphaltenes increases. The resins normally

increase more than the asphaltenes.

3.1.2 Influence of chemicals

Bitumen is generally considered to have good resistance to chemicals, although few

studies have been made of this aspect. Bitumen is considered to be resistant to the

in uence of organic and inorganic salts, weak inorganic acids and alkalis. This also

applies to such substances in concentrated form, but not at high temperatures. As a

rule, the harder the bitumen (lower penetration), the greater is its resistance to

chemical in uence. Thus, resistance is considered to increase with increasing

hardness of the bitumen, and oxidised bitumen is more resistant than direct distilled

bitumen. In uence increases with time, temperature and concentration of the

chemical.

The Shell Bitumen Industrial Handbook contains some information on the

resistance of bitumen to a number of chemicals. The information consists of a

summary of the data from the literature and from the Shell laboratory in Amsterdam,

but is not based on any systematic study. The following are among the statements in

the handbook:

  

Formic acid 85% Oxidised bitumen is resistant for 9 months.

Acetic acid 20% Oxidised bitumen is resistant for 9 months.

Formic acid Bitumen is not resistant at 100% concentration, but is resistant

at concentrations up to 75% if the temperature is approx.

20°C or lower. However, bitumen is not resistant for a long

time if the temperature is about 600C.

Sodium acetate Bitumen is resistant at lower concentrations (25%), both at

low and high temperatures (up to 700C). The same is

considered to apply as in the case of sodium chloride.
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Depending on the type of bitumen, the density (at 25°C) is between 1.0 and
1.06 g/cm3.

As asphalt pavement contains pores of varying size it may even be moisture

susceptible. Chemicals may in uence the pavement's properties and durability in

various ways.

3.2 Runway de-icing agents
Usable de-icing chemicals are limited to a small number of compounds or mixes of

these compounds. This is because the theoretical melting capacity is associated with

the average molecular weight or ionic weight. Chloride salts of the lower atomic

weight alkali and alkaline earth metals constitute reference materials for evaluating

theoretical melting capacities. Sodium chloride (with an average ionic weight 29.22

and atomic weight 59.44) is the benchmark reference".

Alkali and alkaline earth salts of acetic acid and formic acid generally have good

theoretical melting capacities.

Accordingly, the inorganic ionized de-icing uid is usually composed of alkali or

alkaline earth metal chloride salts. Other anions present include acetates, formates,

phosphates and organic acid anions which can be obtained from organic cellulose

material. Nitrate, nitrite and sulphate ions have been discussed, but these present a

risk since many anions are incompatible with the concrete (and mineral aggregate) in
the pavement.

A limited number of organic compounds with low molecular weight and good

solubility in water, such as alcohols, amines and amides (e.g. urea), similarly have

good prospects for use as de icing agents.

The suitability of a de icing agent depends on its solubility at low temperatures,

concentration in water (linked to freezing point) and the eutectic temperature. The

eutectic temperature is de ned as the lowest temperature at which a material can melt

snow or ice.

The actual theoretical melting capacity can be determined only by freezing

point/concentration measurements, particularly at temperatures considerably lower

than the normal freezing point of water. Magnesium chloride and calcium chloride,

for example, have higher theoretical melting capacities per unit weight at

temperatures around 18°C compared to sodium chloride.

Similarly eutectic temperatures and compositions need to be determined

experimentally, even if very low eutectic temperatures are related to high solubility in

water and a high degree of association between dissolved material and water

molecules at low temperatures.

The energy required to melt water is the same for all the de-icing agents. Heat

capacities and heat transfer coef cients vary only slightly between different de-icing

agents. The energies of de-icer solution however vary, as do the thermodynamic

activities of water in ice and solutions of de-icing agents. In these respects, the choice

of de icing agent is signi cant.

The ideal de-icing agent has a eutectic temperature well below the expected

temperature during use. It dissolves quickly and exothermically in water and in salt

14 VTI notat 24A 1999



solution, it has a low average molecular weight (or average ionic weight) and lowers

the freezing point of water in high proportions relative to its concentrations in water.

The choice of de-icing agent is also governed by other factors such as actual

performance versus theory, cost and availability, storage possibilities, handling and

application properties, in addition to environmental aspects, material in uence and

safety in manufacture, handling and use.

A complete analysis of a de-icing chemical requires analyses for identification and

quantitative determination of the components in the product. Properties determining

melting capacity must also be included.

3.2.1 Chemical reactions

Carboxyl acid salts (such as potassium acetate and potassium formate) are soluble in

water and form basic solutions. The acetate and formate ion reacts in these cases with

water according to the following formulas.

CH,C0;K+ + [1,0 > CH,C0,H + K+0H
Potassium acetate Acetic acid

HCO, K+ +H20 ' > HC02H +K+0H
Pottassium formate Formic acid

Both the acids form strong hydrogen bonds since the 0-H bonds are strongly

polarised.

In nature, acetate and formate are broken down to metal ions, carbon dioxide and

water. However, breakdown proceeds slowly at low temperatures.

3.2.2 Influence on bitumen, mineral aggregate and asphalt concrete

The fact that runway de-icing agents of the above mentioned types have a chemically

or physically deleterious effect on the bitumen in an asphalt pavement has not been

discussed inthe literature.
A certain softening effect on the binder has, however, been found on a number of

Swedish and Norwegian air elds in recent years (after the Civil Aviation

Administration in each country changed from using urea to acetate or formate based

runway de-icing agents). One of the main purposes of this project was to demonstrate

this effect in laboratory tests (on bitumen and asphalt concrete), and to simulate the

effect in accelerated weather simulator tests.

De-icing agents such as acetate and formate in concentrated form have a high pH

value (between approx. 9 and 12), which may cause the carboxyl acids in a bitumen,

for example, to be neutralised, resulting in hydrolysis of the bonds between binder

and mineral aggregate. High pH values are generally considered to be a disadvantage

for adhesion between mineral aggregate and bitumen. A high pH value may also

cause dissolving of minerals (such as silicon) in the surface layer of the mineral
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aggregate (Hobeda 1998). Acetates and formates are strongly hygroscopic, which

means that the pavement is continuously moist.

Another effect is that the surface tension of the water is reduced, which facilitates

penetration. This applies not only, for example, to cable connectors (resulting in short

circuits), but also to aggregate and bitumen (resulting in adhesion problems).

The in uence of potassium acetate on asphalt concrete has been studied earlier at

the VTI (Gustafson and Hobeda 1992). Tests on adhesion index after storage in 1.5%

solution and freeze thaw cycling were included. No tendency was observed that

indicated that potassium acetate produced poorer results than water or urea.

Similar experiments with the rolling bottle test and indirect tension test after

storage in up to 30% solution have been conducted at Lulea University of

Technology (Isacsson 1991). A certain effect on the stripping process has been found

with both urea and potassium acetate, but the study is limited and the results must be

interpreted with great caution, according to the author.
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4 Laboratory tests binders
At an introductory meeting held by the Swedish Civil Aviation Administration at the

VTI (1997-02-14), discussions were held concerning problems in using runway de-

icing agents on air elds. Measuring methods and requirements speci cations were

sought for the in uence of runway and aircraft de-icing uids on asphalt pavements.

A proposal was made for an introductory study concerning the in uence of de-icing

agents on binders.
The binder investigations started with bitumen grade B180. They were then

extended to include other types of binder, with storage in de icing agent with varying

temperatures and times. The original binders available in the weather simulator

experiment were included (see Section 6).

The tests are described in the following sections (4.1 and 4.2).

4.1 Initial study
The initial study concerned the in uence of a potassium acetate based de icing

product on bitumen B180. The bitumen was stored in de-icing uid of the particular

concentration (regular solution) and used for subsequent conventional bitumen

analysis. Bitumen sample was poured into a cylindrical pan container according to

the TFOT method (Thin Film Oven Test, ASTM D1754) and covered with de-icing

uid to the edge of the container. The container with bitumen and de-icing uid was

tted with a protective cover and stored at three different temperatures (20°C, 40°C

and 60°C) for 24 hours and one week respectively. After storage, the KAc solution

was poured off and the bitumen layer rinsed with water. Softening point, breaking

point, viscosity and ductility of the stored binder were then determined. Loss of mass

was recorded. The results were compared with the original results for B180 which

had been stored in a similar way in water. Only minor changes were recorded. The

greatest in uence was found in regard to the in uence of de-icing agent on the Fraass

breaking point of the bitumen, which after one week at 60°C had increased from

-18°C to 14°C compared with similar storage in water.
A noticeable characteristic observed after storage was that the de-icing agent

(owing to low surface tension and high density) had entered and also penetrated

beneath the binder layer and, causing it to resemble a "moonscape" in some cases.

The results have been reported earlier in a VTI test report, No. 97-549.

4.1.1 Complementary tests

In connection with the initial study involving storage of B180 in KAc followed by

conventional bitumen analysis, further tests were conducted with other de-icing

agents. These were NaCl (sodium chloride) and CMA (calcium magnesium acetate).

Series 1

Specimens (B180) were cast in softening point rings and placed in water, NaCl

(18%), CMA (25%) and KAc solution (from the initial study). The specimens were
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then stored for one week at room temperature. The intention was to determine the

softening point immediately after storage (without previous heating in connection

with specimen preparation).

It was found possible to perform softening point determination after storage in

water, NaCl and CMA (no change in softening point), but not after storage in KAc.

The results showed that the bitumen had been signi cantly in uenced

(softened/"dissolved") during storage in the particular KAc solution. This in uence

occurred also during storage in room temperature.

The same effect was also recorded during storage in CMA, but not to the same

extent and not until a higher temperature was reached (40°C). No noticeable effect

was observed after storage in road salt of the NaCl type (or in water).

Series 2

A further series of de-icing agents was then studied with regard to in uence on

bitumen B180. In addition to the potassium acetate products already mentioned, the

studies included a further potassium formate based product of another manufacture.

Here, the two potassium acetate products are denoted KAl and KA2. The potassium
formate product is denoted KF.

B180 bitumen was cast in softening point rings and stored in the respective

solution at two different temperatures (20°C and 40°C). The storage times were 24

hours and one week at each temperature. After storage, the bitumen specimen was
removed from the solution and allowed to stand in a laboratory environment until the

next day, when softening point determination (according to FAS method 338-95) was

performed directly on the stored specimen where possible.

After only 24 hours in room temperature, the specimens stored in all three de-icing

uids had become somewhat deformed. The greatest change occurred in the bitumen

stored in KF. After conditioning until the next day, the bitumen specimens regained

their original form and the softening point was determined. No change in softening

point was observed. In every case, the softening point was 40°C, which closely agrees

with the original softening point of B180 (39°C).

After one week at room temperature, the bitumen specimens had " oated" up to

the surface of the de-icing uid and gradually spread out to form increasingly large

islands . The same occurred after only 24 hours at 40°C. It was then no longer

possible to perform softening point determination on specimens stored in the uids.

In general, it was found that during storage in the laboratory, the acetate and

formate based de-icing agents signi cantly affected bitumen of the B180 type. The

consistency and rheological properties of the bitumen changed after short storage

times in the respective de-icing agent at the particular concentration. The results

indicate that the studied products could present a risk in regard to reduced friction and
loosening of stones when used on runways.

In order to clarify the expected extent and effect of the in uence in practice on an

airfield, it was proposed that corresponding laboratory studies should be performed

on other bitumen types and de-icing conducts. In addition, it was proposed that the

study be extended with comparative performance tests (of surface tensile strength) on

asphalt specimens before and after storage in de-icing uid.
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Figure 1 31809 in softening _point rings stored in de-icing agent (potassium
acetate). Result after less than one week at room temperature.

4.2 Main study
Laboratory tests were performed with storage of different types of binder in de-icing

agent using various temperatures and storage times. As already mentioned, these
_ included the original binders available in the weather simulator experiment in

Trondheim.

4.2.1 Products

The bituminous binders and de-icing agents used are listed in Table 4.1 and Table

4.2. The tables contain a number of product characteristics which are important for

the investigation.
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4.2.1.1 Binders

These comprised conventional bitumen and polymer-modified bitumen. Two of the

polymer-modi ed products correspond with the original binders for the pavements at

Gardermoen airport and Engelholm airport respectively.

The softening point of the various binders is between 40°C (B180) and 90°C (JFR-

45bit).

Table 4.1 Binders included in the laboratory tests

             

Binder Type, manufacturer, airport Softening Density at

point 25°C

rc) (g/cm3l
B180 Conventional bitumen, Nyn'as 40 1.016

B60 Conventional bitumen, Nynas 51 1.025

B40 Conventional bitumen, Nynas 54 1.028

B85 Conventional bitumen (low acid number) 48 1.023

Pmb20 SBS-modified bitumen, Nynas 85 1.001

Caribit PG64 34 SBS-modified bitumen, Shell, Gardermoen 52 1.006

JFR-45bit Polymer modified bitumen, Pankas, Engelholm 9.0 0.984

 

4.2.1.2 De-icing agents

In the study, the commercially available de icing agents in uid form, which had

been used at airports operated by the Civil Aviation Administration, were used in

their existing concentrations. In some cases, the concentration was also lower (5 and

10%). NaCl, CMA (calcium magnesium acetate) and water were included for purpose

of comparison (see Section 4.1 Initial study).

The pH value was determined with the aid of a pH meter. The values obtained

were between 9.3 and 11.3. Potassium formate (KF) and one of the potassium acetate

products (KA2) showed somewhat higher pH values than the other solutions. (pH

values of up to 12.3 were later recorded for de-icing products tested at the VTI

according to the new supplementary requirements in the technical requirements

speci cation of the Civil Aviation Administration (see Section 5)).

According to the results of this study, the pH value of the de-icing agent does not

appear to have any measurable "physical" in uence on the binder. However, high pH

values may have a negative in uence on adhesion between the mineral aggregate and

bitumen. As mentioned earlier, at pH values above 9.0, the carboxyl acids in the

bitumen may be neutralised, resulting in hydrolysis of the bonds between binder and

aggregate. At high pH values, the silicic acid in the surface layer of the mineral

aggregate may be dissolved and contribute to a stripping effect (see Section 3.2.2).

Since the density of the particular solutions evidently has a major in uence on the

results when storing bitumen in de icing agent, density tests at 25 CC were performed.

The values obtained were between 1.13 g/cm3 (NaCl) and 1.35 g/cm3 (potassium

formate).
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Another parameter that may be of great signi cance is the surface tension of the

de-icing uid. Surface tension has been measured for a number of the products. The

results were between 27 and 55 mN/m (milliNewton/metre) at 219°C, which can be

compared with the corresponding value of about 73 mN/m for water. The lowest

surface tension was measured for the formate products. The tests were performed

with the aid of a Wilhelmy plate at ITN, Linkoping University.

IR analysis was used for chemical analysis of the various de-icing agents. The

diagrams obtained are shown in Appendix 1.

Table 4.2 De-icing agents used in the laboratory tests

              

De-icing agent Type, concentration pH-value Density

at 25°C

(g/Cm3)
KA1 Potassium acetate, 50% 9.3 1.28

KA2 Potassium acetate, 50% 10.9 1.29

KF Potassium formate, 50% 1 1.3 1.35

KAc Pure potassium acetate, 50% 9.5 1.28

Urea 50% 9.4 1.15

Glycol + KA2 50/50 10.1 1.16

CMA 25% 9.3 1.14

NaCl 18% 6.9 1.13

 

4.2.2 Storage

The storage temperatures used were 10°C, 20°C and 40°C. The storage times were 24

hours and one week. In certain cases, longer storage times were also used.

After storage, the softening point of the bitumen was normally determined (if

possible). The tests were performed generally in accordance with the following

method.

Method:

The specimen was cast in softening point rings and placed on the test plate at the

bottom of a at-bottomed crystallisation bowl (diameter 14 cm, height 3 cm) lled

with de-icing uid to a level 2 cm above the surface of the specimen. The bowl was

covered with a lid. The bowl with the specimen was stored at the stated temperature
for the stated time. After storage, the specimen and test plate were taken out.

Conditioning and softening point determination were performed in accordance with

FAS method 338 (or EN 1427).

The method is described in more detail in VTI/LFV method 198 (Appendix 4).

4.2.3 Other methods

At a meeting of the project group in Trondheim (10 March 1998) it was proposed that

the binder analyses (such as softening point or penetration determination) should be
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performed with de-icing agent as conditioning uid. The bitumen specimen would

thereby be exposed to the de-icing agent both before and during the test.

Softening point and penetration were determined for B180 in potassium acetate

(KAI). The tests were performed in accordance with the proposal mentioned above.

The tests showed that the method used was unsuitable. In normal execution (but

with de-icing agent as conditioning uid), no changes were obtained either in

softening point or penetration. However, storage of the specimen (for 24 hours at

room temperature) before testing deformed the specimen to an extent depending on

de-icing agent and method. The density of the de icing agent had a decisive and

highly tangible effect on the specimen, which became deformed very rapidly. This

applied in particular when determining penetration. *

To clarify the in uence of density on the bitumen specimen, storage was

performed with the test plate and softening point rings suspended in an inverted

position in potassium formate at 20°C and 40°C respectively. The softening point

rings had been bonded to the test plate with epoxy. No in uence was found for B60

or B180 after 24 hours storage at 40°C. The tests are described in more detail in the

following sections.

4.2.3.1 Softening point (modified)

Softening point determination was performed with the conventional method, but the

conditioning uid was potassium acetate solution (KAl) instead of water.

According to the softening point method (FAS method 338 or EN 1427), the ring

holder with rings and specimens is placed in a beaker with conditioning uid at 5°C

and allowed to stand for 15 minutes. The test is then started by placing a ball on each

specimen. The bath is heated at a rate of 5°C per minute to a temperature (softening

point) at which the binder surrounding the ball touches the bottom plate 25 mm

beneath the ring. The bitumen specimen is thus in contact with the de-icing agent for

15 minutes at 5°C and during the heating period up to the particular softening point

temperature.

In tests with the B180 and potassium acetate, the softening point was recorded as

41°C (original 40°C). Thus, almost no change had occurred.

In corresponding tests but with 24 hours storage in de-icing agent before starting,

the specimen deformed somewhat although the softening point remained the same

(41 .5°C).

4.2.3.2 Penetration (modified)

Penetration determination was performed with the conventional method, but

potassium acetate was used instead of water as conditioning uid.

According to the needle penetration method (FAS method 337 or EN 1426),

bitumen is lled into a test sample container and conditioned at 25°C (1.5 2 hours).

The penetration needle is applied to the surface of the test sample and released under

a certain load (100 g) and time (5 sec). The depth to which the needle penetrates

vertically into the sample (in mm/ 10) is recorded as the penetration. The bitumen
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(according to the method of full container (diameter 60 mm, height 60 mm)) is thus in

contact with the de-icing agent for 1.5 2 hours at 25°C.

In tests with B180 and de-icing uid, penetration was recorded as 174 mm/10

(oginal 173 mm/10). Thus, hardly any change had occurred.

In similar tests, but with 24 hours storage in de-icing uid before starting, the

bitumen sample was "deformed" (both during storage at 20°C and during further

conditioning for 1.5 2 hours at 25°C). Thus, the test could not be completed. With a

full penetration test container, the bitumen " owed" over the edge of the container.

With the penetration test container half full, a "crater" formed at the centre of the

sample (down to the bottom of the container), as the bitumen "crept" to some extent

up the inside of the container.

Corresponding tests with glycerine, NaCl and CMA

Corresponding tests (with 24 hours storage in a penetration vessel prior to

determining penetration) were performed for purposes of comparison also with

glycerine as conditioning uid. The same phenomenon occurred. (Glycerine (glycerol

C3H5(OH)3) is an alcohol with a pH of 7.3 and density 1.26 g/cm3. Glycerine is used

as conditioning uid in softening point determination if the softening point is above

80°C).
Eventually, it was found that the same phenomenon occurred also after a period of

storage at room temperature, if the penetration test container with B 180 was placed in

NaCl (density 1.13 g/cm3) and CMA (density 1.14 g/cm3). After several weeks of

storage, the bitumen had oated up to the surface of the storage liquid in every case.

The speed and extent to which the binder sample is deformed thus depend on the

density of the uid and the level of the surface of the uid above the bitumen sample

(the uid pressure acting on the bitumen). The density and " ow resistance" of the

bitumen are equally important, as are storage temperature and storage time.

4.2.4 Results

In general, it was found that resistance to de-icing agents of the types tested increases

with increasing hardness of the conventional binder. According to the study, B180 is

in uenced more than B60, which in turn is in uenced more than B40, and so on. The

in uence increases with exposure time, temperature and concentration of the

chemical.

Among the de icing agents in the study, potassium formate (KF) has the greatest

in uence on the binder. (KF has higher density, but the same concentration as the

acetate solutions). The in uence of the potassium acetate based de-icing agents (KAI

and KA2) was somewhat less than for KF. The in uence of CMA was less than for

the earlier mentioned acetate products, and the in uence of urea was considerably

less.

Other parameters of importance in the de icing agent are the pH value and surface

tension properties of the solution. As already mentioned, pH and surface tension can

be of decisive importance for adhesion between binder and mineral aggregate in an

asphalt pavement (and on mineral aggregate as such).
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Three polymer-modi ed bitumens were included in the study. The most resistant

of these was JFR-45 bit, a so-called aviation fuel resistant binder with a high

softening point. However, it has a lower density than other bitumen types studied

(both conventional and polymer-modi ed).

The results are described in more detail below.

4.2.4.1 Conventional bitumen

The study shows that the acetate or formate based commercially available de-icing

agents (KAI, KA2 and KP) pure KAc (50%) and the mixture of glycol/KA2 tanginy

in uenced the consistency and rheological properties of the bitumen under the

storage conditions used in the laboratory. The greatest in uence was found with

bitumen B180 and to a lesser extent B60 and B40.

KF was somewhat more "aggressive" than KAl and KA2. In none of the cases did

urea demonstrate any in uence, either visually or measurably (softening point), on

the bitumen types used in the study with storage times up to 24 hours at 40°C or one

week at 20°C. After one week at 40°C, the bitumen specimen was, however,

"dissolved".
No in uence was recorded for corresponding storage in water (up to four months

at 40°C for B180).

Storage in urea for longer times and/or at lower concentrations.
With storage of B180 in urea (50%), the specimen "dissolved" after two weeks at

40°C, and after three weeks at 20°C.

B60 did not "dissolve" until three weeks at 40°C. After six months storage at

20°C, no visible in uence had occurred, and storage was terminated for determining

the softening point of the bitumen specimen. The softening point was recorded as

55°C (compared with the original softening point of 51°C).

B40 was stored for up to six months at 20°C without in uence, after the softening

point was recorded as 58°C (compared with the original softening point of 54°C).

With storage of B180 in 5% and 10% solutions of urea respectively, no visible

in uence occurred within nine months.

Storage in KF and KA respectively for longer times and/or at lower

concentrations
In storage of the two harder bitumen types (B60 and B40) for longer times at 20°C in

potassium formate (KF) or potassium acetate (KA), the specimens "dissolved" after

12 days and 25 days respectively for B60, and after 26 days and 28 days respectively

for B40.

B180 "dissolved" after four months in a 10% solution of potassium acetate (KAI),

but showed no in uence after nine months in a 5% solution.

Bitumens with low acid number

The above mentioned bitumen qualities (B180, B60 and B40) were supplied by

Nynas and are produced from crude oil from Venezuela. A characteristic of this oil is

its high acid number (3-4 mg KOH/g).
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However, bitumens from sources such as the Middle East have lower acid

numbers and should therefore be in uenced less by the basic formate or acetate based

de-icing agents. At pH values higher than 9, the carboxyl acids in the bitumen may be

neutralised, as already mentioned. According to a manufacturer of de-icing agents

and bitumen, this could be a contributory cause of the in uence recorded during the

above mentioned storage times in de-icing agent.
A binder with a comparatively low acid number (0.7 mg KOH/g) was therefore

included in the study. The binder (BS5, VTI No. 96-158 4 from the Institute s quality

follow-up in 1995) had an original softening point of 48°. After storage in KF for up

to one week at 20°C, the specimen was intact and the softening point unchanged.
After storage for 24 hours at 40°C, the specimen "dissolved". Thus the results agreed

with those obtained for B60 and B40 from Nynas.

Against this background, the importance of the acid number for the binder's

resistance to basic de-icing agents was considered to be less decisive. No further

investigations were performed.

4.2.4.2 Polymer-modified bitumen

The studies showed that the polymer-modi ed bitumen products in the study were

more resistant than the conventional bitumen products to the de-icing agents used. In

general, it was found that JFR-45 bit was most "durable".

Pmb 20 had an original softening point of about 85 90°C. The binder was not

visibly in uenced during the various storage times in de-icing agent (up to one week

at 20°C), but in certain cases large changes in softening point were recorded. Storage

for up to one week at 40°C also produced varying results. Certain deformation and/or

"dissolving" was observed (for one batch of Pmb 20 but not for another).

Caribit PG64-34 had an original softening point of 51°C. After storage for up to

one week at 20°C, the specimen was visibly unaffected, but the softening point varied

somewhat. After one week in urea at 40°C, the specimen and softening point were

unchanged.

After 24 hours at 40°C in the other de-icing agents, the specimen was "dissolved"

or deformed.

JFR-45 bit had an original softening point of 90°C. After storage in the respective

de-icing agent for up to one week at 20°C, the specimen in every case was unaffected

and the softening point was stable (87-90°C). The same was also found for

corresponding storage times at 40°C.
Corresponding tests were also performed in a later project organised by the Civil

Aviation Administration. The project is entitled "Polymer-modi ed asphalt

pavements tested at Arlanda Ramp Rudolf". Three polymer-modi ed bitumen

products are included in the project. For two of the products, storage in potassium

acetate for one week at 40°C has not led to any in uence on the binder. For the third

product (so-called aviation fuel resistant polymer-modi ed binder), "dissolving" has,

however, occurred. The original softening point of the products is between 51°C and

64°C.
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5 Laboratory tests - asphalt concrete
Before starting the Trondheim experiment (Section 6), a number of possible methods

were discussed for assessing the in uence of de-icing agent on asphalt pavements.

The type of in uence mainly envisaged was the "softening effect" on bitumen after

lengthy exposure to de icing agent. As already mentioned, the problems of reduced

friction, degradation of runways and equipment, and environmental deterioration had

been observed on Norwegian and Swedish air elds after changing from urea. to

agents with an acetate or formate base. The damage resulted in loosening of stones

and "stripping" effects.

The following sections describe the progress of the project with regard to the

selection and development of a suitable method (Sections 5.1 and 5.2) and testing and

test results for pavements in the Trondheim experiment (Section 6).

5.1 Possible methods

A number of methods were discussed at the information meeting held at the VTI in

January 1998. The following methods were listed:

Surface tensile strength (adhesion test)

- Indirect tensile strength test

Dynamic creep test

Cantabro test
Abrasion test according to Prall

Rolling bottle test

Wheel tracking test

5.1.1 Surface tensile strength

This method refers to determination of surface tensile strength for a specimen of

asphalt concrete. The surface tensile strength is the force in N/mm2 (tension) required

for failure to occur in the upper surface of the asphalt concrete when subjected to a

perpendicular tensile force increasing at a rate of 200 N/s.

In this particular case, the test was performed before and after storage in de-icing

agent.
The method is based on a similar method for testing the adhesion of road markings

to a pavement (National Road Administration method 502) and/or a corresponding

method (according to BRO 94) for determining the adhesion of waterproo ng

material to concrete.

The method has also been included in an special project on method development

concerning the resistance of asphalt pavements to spillages of aviation fuel. In this

project, the method has been adapted for testing after storage in aviation fuel. A nal

report on the project (T. Nordgren 1998) has been issued, containing proposals for

further studies.

Surface tensile strength is the method considered most suitable in this project for

testing the performance of asphalt concrete with regard to the in uence of de-icing

agents.
The method is described in more detail in Section 5.2 below.
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5.1.2 Indirect tensile strength

This method normally consists of applying the indirect tensile test on a specimen of

asphalt concrete after storage in water (according to FAS method 446 or Norwegian

Road Administration 14575). The adhesion index is determined as the ratio in per

cent between the tensile strength of a specimen stored in water and a specimen stored

in dry conditions. Storage is performed in accordance with the method at 40°C, and

indirect tensile test is performed at 10°C.

In this particular case, it was discussed to perform the test before and after storage

in de-icing agent.

In this project, the method was used for indirect tensile test on drill cores from the

air eld pavements in the Trondheim experiment. Testing was performed on

specimens exposed in the weather simulator and on reference specimens from all

pavement types and treatment types. The tests were performed at SINTEF. The

results are shown in Section 6.3.4.

5.1.3 Dynamic creep test

This method concerns determination of the deformation resistance (resistance to

permanent deformation) with the dynamic creep test.

According to FAS method 468, the test is performed by applying a pulsating load

to a specimen of asphalt concrete. Before testing, the specimen is conditioned at

40°C. The pulsating load consists of a l-second load and a l-second period of rest. A

total of 3,600 pulses are applied in a test. The load is 100 kPa. Creep rate, creep

modulus and strain are recorded.

In this project, the method was used to test drill cores from the air eld pavements

in the Trondheim experiment. Testing was performed at the VTI, but only for a small

selection of pavements and treatment alternatives. The results are shown in Section

6.3.5.

5.1.4 Cantabro test

This method refers originally to the determination of abrasion on specimens of porous

asphalt subjected to mechanical in uence in a Los Angeles drum.

The method has been included in the previously mentioned project with method

development work concerning the resistance of asphalt pavements to spillage of

aviation fuel. It has been proposed as FAS method 479-98.

Although the method was discussed in this project, it was not tested with storage

in de-icing agent. The method is recommended for further development based on

experience of different storage times and specimens from corresponding work with

the surface tensile strength method.
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5.1.5 Abrasion test according to Prall

This method concerns determination of the abrasion (loss of material) of specimens

of asphalt concrete through steel ball abrasion. The original method from California

is used partly as a cohesion test for asphalt (available at Shell).
Although the method was discussed in this project, it was not tested with storage

in de-icing agent. The method is recommended for further development based on

experience of different storage times and specimens from similar work with the

surface tensile strength method.
However, certain tests were performed at the Shell Laboratory in Amsterdam. The

study is described brie y below and is reported in its entirety in Appendix 2. (In

addition to the Californian Abrasion Test, the Retained Marshall test was performed

with storage for shorter and longer times in potassium acetate. The results were

somewhat unexpected).

5.1.5.1 Californian Abrasion Test from Shell

Testing was performed according to a modi ed method following storage in de-icing

agent of the potassium acetate type. The storage time was 16 days at 40°C and 600C,

followed by abrasion test at the same temperature.

The test used asphalt specimens produced with three different types of binder. The

mineral aggregate consisted of quartzite, the maximum grain size was 11 mm and the

voids content approximately 5.0% by volume.
According to the values obtained and the conclusions from Shell, storage in

potassium acetate did not in uence loss of material in the Californian Abrasion Test.

This applies to testing at both temperatures.

5.1.6 Rolling bottle test

This method normally comprises determination of adhesion between mineral

aggregate and bitumen in the presence of water (FAS method 455-98). Dynamic

treatment is performed on bitumen coated aggregate in water. The degree of coverage

is assessed visually after a predetermined time.

In the project, the rolling bottle test was performed with a combination of

binder/de-icing agent and a mineral aggregate using two different concentrations.

Testing was performed in accordance with the method mentioned above. The

mineral aggregates (Skarlunda granite and Diabase) were used together with binder

B180. The test was performed with water (according to the normal procedure) and a

solution of de-icing agent (potassium acetate) in concentrations of 50% (existing

solution) and 10%.
With a 50% potassium acetate solution, the test resulted in the formation of lumps

and a misleadingly high degree of coverage for both types of mineral aggregate. With

18% solution, the degree of coverage was low (10%) for Skarlunda granite, but this

also applies to similar tests with water (degree of coverage 2% after 24 hours).

If further tests are required, these should be performed with mineral aggregates

where the adhesion between aggregate and binder in the presence of water is better
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than for Skarlunda granite. The mineral aggregate may be treated with FeCl3 or

similar, or by adding an adhesion agent (Wet x I). No de-icing agent in regular

solutions should be used. Instead, lower concentrations are required.

5.1.7 Wheel-tracking test

The wheel-tracking test is used for determination of the deformation resistance of

asphalt pavements under a load. An asphalt concrete slab is exposed to a load applied

by a rolling rubber wheel. Rut development as a function of the number of passages is

recorded. The test can be performed with or without water.

The possibility of using the method with de-icing agent (instead of water) was

discussed. The size of the test slabs (500 mm x 700 mm) was considered a

disadvantage, since it was considered desirable to link the tests to the Trondheim

experiment.

At this time, the Institute's wheel tracking equipment had recently been acquired

and was under development.

5.2 Surface tensile strength

After discussion and evaluation of possible methods as above, it was decided in the

rst hand to develop and adapt the surface tensile strength method to test the

resistance of asphalt pavements to de icing agents (or the in uence of de-icing agents

on an asphalt pavement). The intention was to use the method for evaluating the

air eld pavements in the weather simulator experiment.
The method was developed in a number of initial studies and investigations.

Adaptation primarily concerned parameters such as storage time and storage

conditions, temperatures and preparation of the test surface.

The method was also used for the pavements in the Trondheim experiment
(Section 6), and a method description was issued in connection with the new

supplementary requirements in the technical requirements speci cation of the Civil

Aviation Administration (Section 7).

The initial studies and investigations performed in method development in this

project are described below.
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5.2.1 Method

Testing is normally performed on a with corresponding results for

sawn Marshall specimen, in which a specimens not stored in de-icing uid.

well de ned test surface has been

carefully drilled out in the asphalt

concrete to a depth of approximately

5 mm. The specimen is stored in de-

icing uid and the test surface is then

processed. A steel stamp is bonded to

the test surface with epoxy. During

testing, the stamp is pulled away with

an increase in tensile force of 200 N/s

applied vertically to the test surface.

MTS tensile test equipment may be

used. The force applied at the point of

failure and the mode of failure are

recorded.

The test is normally performed at

20°C on four specimens stored in de-

icing uid. The results are compared Flgu ez 140719510 fest (surface
tensile strength).

 

5.2.2 Initial study

A simple initial study was performed to gain an idea of how an asphalt pavement is

in uenced in the laboratory by heat, water and de-icing agent (as in the weather

simulator), and to determine whether "brushing" could be performed.

The initial study was performed with Marshall specimens of pavement type

ABT16/B85 and de-icing agents of urea and potassium formate respectively (as

regular solutions).

After only two weeks treatment, it was found that brushing had produced a visible

effect on the upper surface of the Marshall specimens.

The test was terminated after ve weeks. Drilling of test area and bonding of test

stamps were performed (however, not immediately after the end of treatment).

Adhesion test was then performed at 20°C.
The results (individual values) varied between 0.6 and 1.5 N/mmz. Mainly the

failure occurred in the very upper surface layer of the test area and in certain cases

there was considerable variation between the values for pairs of specimens subjected

to the same treatment. The specimens treated with urea and brushing (not water)

showed a greyish layer of deposited urea on the upper surface, where the adhesion

failure mainly occurred, (at lower values of 0.6-0.7 N/mmz). For other specimens, the

adhesion result was higher. Only for one of the specimens (treated with potassium

formate and brushing) did adhesion failure occur within the pavement (with a highest

adhesion result of 1.5 N/mmz). The following observations were made:
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o super cial crack failure occurred,

0 no deterioration within the pavement that was decisive for the adhesion result,

0 brushing had no decisive (negative) effect on the adhesion result.
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Figure 3 Simplreltmina test in the laratory of he i uence0
agent on asphalt concrete.

5.2.3 Method development

As already mentioned, the method was developed in a number of initial studies and

investigations with adaptation of parameters such as storage time, temperature and

preparation of the test surface. The intention was to use the method for evaluating the

in uence on the various air eld pavements in the weather simulator experiment

(without previous storage in de-icing agent). It was also desirable to nd a suitable

laboratory method with which a value for the in uence of de icing agent on an

asphalt specimen could be obtained. The latter case includes storage in de-icing agent

for a speci ed time and temperature. The basis for the storage tests consists of results

from similar tests on binders in the project (Section 4).

The test must therefore measurably "capture" the softening in uence of the de-

icing agent on the asphalt concrete. It should be possible to compare the results with

corresponding results for the binder.

5.2.3.1 ABT/B180; 40°C; about one week

Storage in de-icing agent with subsequent adhesion testing was performed on

Marshall specimens stored in de-icing agent (immersion of the whole specimen) for

about one week at 40°C. Adhesion test was performed immediately after storage.

Specimens which hadbeen stored in air at the same temperature were used as

references.

Based on results from "pre-storage" studies, the storage time had been set at one

week at 40°C. The specimens had been observed during a number of weeks in storage

at 40°C in the de-icing agent. However, although the stones in the upper surface of

the specimen had partly lost their binder and the asphalt grouting had softened during

that time, the specimen did not "collapse".
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Marshall specimens of ABT/B180 were manufactured, sawn and test areas were

drilled out. Storage was performed for nine days at 40°C in potassium acetate (KA2

in existing concentration).
Three specimens were stored in de-icing agent with the test stamp bonded to the

surface test area. For a further three specimens, the stamp was bonded to the test area

after completed storage. Both series of tests began with storage under vacuum for

three hours at room temperature, and continued at normal pressure and increased

temperature. In the concluding conditioning, at 20°C overnight, the specimens were

placed individually in plastic bags. Finally, three reference specimens (which had not

been stored in de icing agent) were included in the study.
For the reference specimens, the measured adhesion (or surface tensile strength)

was 0.7 N/mmz, with failure within the pavement. The lowest adhesion result was

obtained for specimens stored without a stamp bonded to the specimen, i.e. the de

icing agent had been able to act directly on the surface test area.

It was dif cult to ensure penetration by de-icing agent of the laboratory

manufactured specimens, which also had a lower voids content (1.8%) than that

intended (3.7%) according to the established proportioning formula.

The results are shown in Table 5.1 below.

Table 5.1 Specimen 0fABT/BI80 after storage in potassium acetate for 9 days at

        

40°C.

Specimen Adhesion Comment

(Nlmmz)
Reference 0.7 Failure in pavement

(0.65 0.71)

Specimen with stamp bonded 0.4 Individual stones loosened *

to the surface after storage (0.38 0.26 0.45)
Specimen with stamp bonded o_6 Failure in pavement
to the surface before storage (068 064 062)

 

* Re-test was performed, in which the test stamp was bonded to the same surface test area. The values

obtained were between 0.38 and 0.52 N/mmz, with most failure in the pavement at the highest value.

5.2.3.2 Development work in connection with the Trondheim experiment

Adhesion test was performed for specimens from the pavements in the Trondheim

experiment. Reference specimens and specimens taken after weather simulator

experiments were included (a total of 96 specimens). The tests were performed

without pre-storage and on unsawn specimens, since the result was to re ect the

possible in uence of the various treatments with de-icing agent on the upper surfaces

of the pavements. In addition, a number of reference specimens (four from each

pavement) were stored in potassium formate and subjected to adhesion test. Only the

latter test is included in this section. Other results are reported in the section on the

Trondheim experiment.

The specimens were stored for 12 days at 40°C. Storage began in vacuum

according to the method described earlier. The test stamp was bonded to the specimen

after storage.
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Adhesion was between 0.4 and 0.6 N/mmz, which is approximately half that

measured for the corresponding specimens not stored in de icing agent (cf Table 6.1).

However, the failure occurred very super cially in the pavement upper surface test

area and re-test was therefore performed.

Re-test of the same specimens produced higher results in every case (0.5-0.9

N/mmz), although the failure was still super cial. Testing of Gardermoen Ska16 was

most dif cult owing to an uneven upper surface with large voids.

Since the specimens exposed in the weather simulator experiment were not to be

sawn (to avoid affecting the in uence on the pavement in the weather simulator) the

specimens in this test were not sawn either. The actual test surface thus had to be

estimated after each test and the result adjusted accordingly.

The results are shown in Table 5.2 below.

Table 5.2 Reference specimens after storage in potassium formate for 12 days at

          

40°C. -

Specimen Adhesion Adhesion, adjusted Comment

surface test area

(Nlmmz) (Nlmmz)
Gardermoen Ska16 0.3 0.5 Mainly superficial

CaribitPG64 34 0.31 0.27 0.28 0.27 0.51 0.44 0.55 0.53 failure

Gardermoen Ab16 0.6 0.6 Superficial failure

B180 0.64 0.55 0.48 0.58 0.67 0.58 0.53 0.65

Landvetter HAB16 0.4 0.4 Superficial failure

B85 0.40 0.40 0.27 0.35 0.43 0.40 0.28 0.37

Engelholm HAB 0.5 0.5 Superficial failure

Polymer binder 0.43 0.49 0.44 0.48 0.45 0.54 0.44 0.50

 

5.2.3.3 Development work in connection with testing according to the
supplementary requirements in the technical requirements

specification of the Civil Aviation Administration

At the request of the Swedish Civil Aviation Administration, a preliminary method

was established prior to the 1998 series of negotiations on purchasing runway de-

icing agents.

During autumn 1998, testing in accordance with this method was performed on

ve different runway de-icing agents at the VTI.

Marshall specimens (ABT/B180 with voids content approximately 6% by volume)

were stored for 3 hours under vacuum and room temperature and for a further 14 days

at 40°C and normal pressure. Adhesion test was performed at 20°C and the results

compared with corresponding results for specimens not subjected to storage.
Adhesion (surface tensile strength) for the reference specimens (not stored in de-

icing agent) was between 0.7 and 0.8 N/mmz. After storage, the results for the various

runway de-icing agents were on average 02 06 N/mmz.

The greatest in uence was recorded for a sodium formate product (with density
1.31 g/cm3 and pH value 12.3) and for a potassium formate product (with density

1.35 g/cm3 and pH 11.3). After storage in the respective de-icing agent, adhesion was
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0.2 N/mmz. In a visual assessment of the specimens after storage, it was found that

the in uence on the sodium formate product was greatest (a large amount of material

had loosened from the specimens).

The least in uence was obtained with a CMA based product in solid form

dissolved in water to give a 10% solution (with density 1.05 g/cm3 and pH 7.7). The

adhesion result after storage was 0.6 N/mmz. For the remaining two potassium acetate

products, adhesion in the respective case fell from 0.8 N/mm2 to 0.5 N/mmz.

The test reports were sent to the respective manufacturer and/or supplier. No

requirements are yet stated in the speci cations issued by the Civil Aviation

Administration.

Prior to the 1999 series of negotiations on purchasing runway de-icing agents

another three products were tested at the VTI. According to information from the

producers one of the products was formate based, one was an acetate based product

and the third product was a magnesium chloride based product. In all three cases the

adhesion test result was 0.8 N/mm2 after storage, compared to 0.9 N/mm2 for the

reference.

In connection with the tests on the three de-icing products mentioned above

comparative tests were performed with storage according to the test method in water

(instead of de icing uid). Storage in water for 14 days made the surface tensile

strength go up a little (from 0.9 to 1.0 N/mmz) but fall to 0.8 N/mm2 after a total

storage time of 30 days.

Table 5.3 Testing according to the supplementary requirements in the requirements
specification of the Civil Aviation Administration. In uence on the
surface ofasphalt pavements.

       

Type of product pH- Density Conc Adhesion result

value (N/mmz)
(g/cm3) (%) Not stored Stored

Sodium formate, 12.3 1.31 45 0.8 0.2

solid form Failure in pavement. Failure in pavement

(uppermost layer)

Potassium acetate, 9.3 1.28 50 0.8 0.5

conc. regular soln Failure in pavement Failure in pavement

& bonding failure

CMA-based, 7.7 1.05 10 0.8 0.6

solid form Failure in pavement Failure in pavement

Potassium acetate, 9.9 1.29 50 0.8 0.5

conc. regular soln Failure in pavement Failure in pavement

& bonding failure

Potassium formate, 11.3 1.35 50 0.7 0.2

conc. regular soln Failure in pavement Failure in pavement

(uppermost layer)

      

34 VTI notat 24A- 1 999

 



Preparation ofsurface test area
A dif cult task in connection with this method is to obtain good bonding between the

test stamp and the surface test area, so that failure does not occur between the

adhesive and the asphalt concrete surface or super cially in the pavement without

any simultaneous loss of stones. De-icing agents such as acetates and formates are

hygroscopic, reducing the surface tension of the water and keeping the pavement

continuously moist. After storage in de-icing agents of these types, it is necessary to

dry the test surface so the epoxy can cure properly. According to the preliminary

method, preparation involves blowing the surface clean with compressed air, drying it

with acetone and brushing it lightly with a steel brush. However, it is not always

possible to get the steel stamp to attach suf ciently well to the surface, and re test

will be necessary.

In connection with the above tests on ve de-icing products, comparative tests

were performed with two alternative treatments of the test surface. One consisted of

bonding the stamp before storage, while the other entailed treating the test surface

(after storage) with a thin layer of concrete primer as a "moisture barrier". Both

alternatives worked satisfactorily and should be tested in further studies. Failure

occurred within the pavement at somewhat higher values.

Longer storage times
Longer storage times were also investigated in connection with the above mentioned

tests on ve runway de icing products. The storage time was set at two monthsat

40°C. After storage, the test surface was treated with concrete primer.

For all products, the adhesion result was lower or considerably lower than after 14

days storage. The specimens stored in sodium formate had disintegrated and softened

to such an extent that no adhesion testing could be performed.

The pH value was measured for four of the products after storage for two months

and compared with the values measured prior to storage. For three of the products,
the pH value had increased somewhat (at most from 11.3 to 12.4 for potassium

formate). For the fourth product (sodium formate), the pH value had fallen somewhat

(from 12.3 to 11.7).
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6 The Trondheim experiment
The Trondheim experiment is an important part of the Nordic joint project to develop

methods for testing the in uence of runway and aircraft de-icing agents on materials

and equipment used at airports. It is used to study the in uence of de-icing agent not

only on asphalt concrete, but also on equipment such as runway lighting and vehicles.

Examples of technical and electrical components used in the test include seals,

cables, switches, washers, O-rings, screws and metal components of various types.

Some of the equipment was included in the weather simulator experiment, while

other equipment was tested in a mist chamber.

The results are published in a report from BYGGFORSK. The report states, among

other things, that:

0 stainless steel is not in uenced in the tests,

0 galvanised steel withstands urea, but is attacked by the acetate or formate based

organic de icing agents,

0 untreated cast iron is severely attacked by urea but is less affected by other

organic de-icing agents,

0 copper and aluminium in high tension cables are attacked to some extent by

potassium acetate, more by potassium formate and heavily by urea,

o aluminium plates are not affected by urea, but are somewhat attacked by other

organic de-icing agents.

The following section deals mainly with asphalt pavements in the weather

simulator experiment and tests performed in connection with this experiment.

6.1 Test pavements and test preparation

Test slabs of asphalt pavement from the runways at four airports were provided by

the respective Civil Aviation Administration. From Sweden, pavements were taken

from Landvetter and Engelholm airports. In Norway, two pavement types were taken

from Gardermoen airport. The pavement specimens were obtained at the beginning of

1998 and sent to Trondheim for further processing to a suitable size for the weather

simulator experiment.
All the pavements were laid in 1997 and had not been exposed to any signi cant

in uence from de-icing agents before the experiment.

One of the pavements is a polymer modi ed mastic asphalt Ska16 with polymer

modi ed binder from Shell. The binder is named Caribit PG64-34 according to

SUPERPAVE. The pavement is the most open type among the pavements.

The other pavement from Gardermoen is a conventional AB 16 with B180.

The pavement from Landvetter is a conventional asphalt concrete HABl6 with

binder B85. The pavement has an integrated sealing layer of polymer modi ed

bitumen (so called SAMI layer), which was somewhat regrettable from the

experimental aspect.

The pavement from Engelholm is an HAB with aviation fuel resistant polymer

modi ed binder from Pankas. The pavement is the most dense of the pavements.

VTI notat 24A-1999 37



The pavements were sawn in the workshops used for restoration work on Nidaros

Cathedral and also at SINTEF. The size of the pavement slabs was 44 cm x 44 cm

when placed in the weather simulator. The thickness of the pavement was

approximately 5.5 cm.

To avoid deformation of the test slabs in the weather simulator, they were

provided with enclosures made of 1 mm thick stainless steel. The test slabs were

measured before and after the experiment. However, despite the steel enclosures,

certain deformation occurred.

The test slabs ( ve of each pavement type) were placed in the weather simulator.

During the experiment, the slabs were moved around in a predetermined sequence

(approximately every 18 days).

In addition to the pavements, ve series of various technical and electrical

equipment were tested in the weather simulator.
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Figure 5 Test labs been tak up at Garemoe aiprt.

6.2 Equipment and method

Accelerated arti cial ageing was performed in the weather simulator at

BYGGFORSK during spring/summer 1998. The total time in the weather simulator

was 13 weeks.

No standardised method exists for this type of accelerated ageing. The method

used in the experiment is based on Norwegian standard method NS 8140, which was

extensively modi ed for this particular experiment.
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The experiment used a 6 hour cycle for the rst ve days with water spraying and

temperature cycling. During this cycle, de-icing agent was sprayed on the test

surfaces twice a day. Each Friday afternoon, the programme was _ changed to a 24-

hour cycle with mainly UV and thermal radiation (60°C), but with water spraying at

the end of the cycle before de-icing agent was again applied each Monday morning.

The experiment in the weather simulator was intended to simulate about two years'

exposure on a Nordic air eld (with runway de-icing for about 50 days each year).

Equipment and cycles are described in more detail in the report from

BYGGFORSK.

 

Figure 6 The weather siuor atYGGFORSK in ndhez'm.
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Figure 7 Slabsforplacig in the weather irizlator.

6.2.1 De-icing agents and their application

Four de-icing agents were used in the experiment, in addition to water. The de-icing

agents were potassium acetate, potassium formate (both as regular solutions), a
mixture of potassium acetate and glycol (50/50) and urea.

In each application of de-icing agent, 20 ml of uid was sprayed on the test slab

and distributed evenly over the surface with the aid of a soft brush. After the rst ve

weeks, it was decided to omit water spraying at the end of the 6-hour cycle in order to

avoid washing away the de-icing chemicals. For the last three-week period, the

dosage of de-icing agent was increased to 40 ml.

The test slabs were brushed before each application of de-icing agent. Different

brushes were used for each de-icing agent and for water. The intention was to

simulate to some extent the steel brushing used on air elds in connection with snow

clearance. This procedure was modi ed somewhat during the course of the

experiment.

6.3 Evaluation methods and test results

After the tests, as many specimens as possible were taken for further analysis. Ten

drill cores were taken from each slab (six with a diameter of 100 mm and four with a

diameter of 150 mm). The specimens were placed in plastic bags prior to certain tests,

so that they would not dry out and lose the possible softening effect on the binder.
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The following methods were used to evaluate the in uence on the air eld

pavements in the weather simulator experiment:

0 visual assessment,

material composition and binder analysis,

surface tensile strength,

indirect tensile strength,

dynamic creep test (limited extent),

microscopy (occasional cases)

analysis of run-off water.

6.3.1 Visual assessment

Visual assessments of the appearance and changes in the test slabs was performed at

SINTEF and BYGGFORSK after the experiment. Similar assessments were also

performed in connection with the mechanical tests at the VT1. The general visual

impression is summarised below:

In uence with regard to damage and stone loosening was slight.

The test slabs exposed to water and urea respectively were dry on the upper
surface after the experiment, while the test slabs exposed to potassium acetate,

potassium formate or a mixture of potassium acetate and water were moist and

"greasy" on the upper surface and in the voids (also on the bottom of the

pavement).

Test slabs exposed to urea were covered with a light grey deposit on the upper

surface (apart from Gardermoen Ska16).

The brushes used for potassium acetate, potassium formate and the mixture of

potassium acetate and glycol were severely blackened, while the brushes used for

urea and water respectively appeared clean.

The last of these observations is considered to be a good illustration of the

softening of the upper surface observed in the experiment with the above mentioned

de-icing agent alternatives.
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Figure 8 Brushes used in the weather simulator experiment.

6.3.1.1 Microscopy

Subsequently, it was also possible to illustrate the brushing effect with the aid of

microscopy on thin sections of asphalt concrete.

Two drill core test specimens from the polymer modi ed asphalt pavement from

Gardermoen were sent to the Danish Road Institute (VI) in Roskilde for microscopic

examination of thin sections. With ultraviolet light and magni cations up to 200, it

was found that the specimen exposed to water in the weather simulator experiment

had a layer of polymer bitumen on its upper surface where the polymer had separated

and lay on top. For the specimen exposed to potassium formate, the polymer bitumen

layer had, however, largely been brushed away (which agrees with the information

from brushing).

(The polymer binder in the asphalt pavement from Gardermoen (Caribit 64-34) is

not stable in storage and it is therefore possible that the polymer bitumen had

separated during the warm periods at 60°C in the weather simulator).

The test report from the Danish Road Institute is included in Appendix 3 (text in

Danish). Further microscopy investigations for other asphalt pavements in the

Trondheim experiment are also proposed.
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Figure 9 Microscopy image of specimen om Gardermoe $16. The polm
has separated and is lying on top.

6.3.2 Material composition and binder analysis

Determination of material composition was performed at SINTEF, as were certain

binder analyses before and after the weather simulator experiment.

The asphalt mixes were extracted for determination of binder content. The voids

content was determined from drill cores. The pavement from Engelholm airport was

found to be the most dense and that from Gardermoen airport Skal6 most open.

Binder analyses were performed on recovered binder from the uppermost 10 mm

of the pavement and from recovered binder deeper down in the pavement. For

specimens exposed in the weather simulator, only the alternative with water was

chosen. The intention was to gain an idea of the in uence on the binder resulting

from climatic ageing in the experiment.

The binder analysis found that the conventional binder (B180) in the pavement

from Gardermoen was almost unchanged after the experiment, while the binder in the

polymer modi ed pavement from the same airport and the binder from the HAB

pavement at Landvetter had become harder.
The pavement from Engelholm airport was dif cult to extract and no binder

analyses could be performed on recovered binder.

Original binder for Gardermoen Ska16 and Engelholm HABl6 was analysed at the

VTI. However, the results are not included in this Notat.
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6.3.3 Surface tensile strength

Drill cores (diameter 10 cm) were sent to the VTI in batches immediately after taking

the cores at the end of the weather simulator experiment. The cores were well packed

in sealed plastic bags and testing was performed as soon as they arrived at the VTI. A

total of 96 specimens were used.

Testing was performed on the existing test surface in accordance with the method

described earlier, without a preceding storage process but with adjustment to a real

surface test area after nishing the test.

6.3.3.1 Reference specimens

The reference specimens were tested with regard to surface tensile strength at 200C.

The results are shown in the table below.

Table 6.1 Reference specimens (not stored)

         

Specimen Adhesion Adhesion, Comment

adjusted surface test

(Nlmmz) area
(N/mmz)

Gardermoen Ska16 0.4 0.8 Failure in pavement

With CaribitPGB4-34 0.36 0.33 0.41 0.31 0.90 0.82 0.83 0.77

Gardermoen Ab 16 0.5 0.9 Failure in pavement

With B180 0.46 0.61 0.48 0.60 1.10 0.87 0.80 1.00

Landvetter HAB 16 1.0 1.1 Failure in pavement

With 885 0.88 0.97 1.03 1.21 0.98 1.21 1.15

Engelholm HAB 1.1 1.3 Failure in pavement

Polymer binder 1.06 1.07 1.06 1.11 1.18 1.341.33

 

The results were between 0.8 and 1.3 N/mmz. In every case, failure occurred

within the pavement. The highest surface tensile strength was recorded for the

pavement from Engelholm and the lowest for the polymer modi ed pavement from

Gardermoen.

6.3.3.2 Specimens from the weather simulator experiment

Specimens from the pavement exposed for 13 weeks in the weather simulator

according to the programme were tested with regard to surface tensile strength at

20°C and compared with corresponding results from the reference specimens. The

specimens were kept moist in plastic bags between the test preparation procedures.

The results are shown in the table below.
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Table 6.2 Specimens om the weather simulator

         

Specimen Adhesion, adjusted surface test area

(N/mmz)
Water Urea Glycol + Potassium Potassium

potassium acetate fom1ate

acetate

Gardermoen Ska16 0.9 0.9 1.1 0.7 1.0

CaribitPG64 34

Gardermoen Ab 16 0.9 1.0 1.0 1.1 1.0

B180

Landvetter HAB 16 1.4 1.5 0.9 1.3 1.1

885

Engelholm HAB 1.3 1.3 1.1 1.2 1.0

Polymer binder

     

6.3.3.3 Comments on the results

For reference specimens (not placed in the weather simulator) and for specimens

exposed to the water alternative in the weather simulator, failure occurred in every

case within the pavement. The results were equally high or somewhat higher for the

water alternative compared with the reference. The results were higher for the

pavements from Landvetter and Engelholm (1.1 1.4 N/mmz) than for the pavements

from Gardermoen (0.8 0.9 N/mmz). In most cases, failure occurred within the

pavement also for the alternative with urea.

For other de-icing alternatives, the mode of failure was more varied. Failure

occurred more or less in the pavement, super cially in the uppermost surface layer of

the pavement and/or both super cially and within the pavement.

Gardermoen Ska16
For Gardermoen Ska16, the failure for all drill cores was within the pavement, i.e. a

large number of stones loosened during test pulling. However, there was no great

difference between the results for the different de icing alternatives.

For the alternative with water, the result was 0.9 N/mmz. For other de icing

alternatives, the result was between 0.7 and 1.1 N/mm2 (lowest with potassium

acetate).
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Figure 10 After test pulling orilles from Gardermoen Skal6. Top, the
alternative with water, and bottom, the alternative with potassium
formate.

Gardermoen Ska16

For Gardermoen Ska16, failure occurred both within the pavement and also

super cially for the alternative with de-icing agent (except for urea). The result was

between 1.0 and 1.1 N/mm2 on average.

For the alternative with water, the result was 0.9 N/mmz.
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igure 11 Aftertst pulling a rill cores dermoen ka16. Top, the
alternative with water, and bottom, the alternative with potassium
formate.

Landvetter HAB16

For Landvetter, the mode of failure varied for the alternatives with urea, glycol and

potassium acetate and for potassium acetate alone. For the alternative with potassium

format, super cial failure occurred in all four pullings. For the alternative with water,

the result was 1.4 N/mmz. For other de-icing alternatives, the result was between 0.9

and 1.5 on average.
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Figure 12 After test pulling of drill cores from Landvetter HABI6. Top, the
alternative with water, and bottom, the alternative with potassium
formate.

Engelholm HAB polymer

For Engelholm, failures were more super cial with all de-icing alternatives (except
for urea).

For the alternative with water, the result was 1.3 N/mmz. For the other de-icing

alternatives, the result was between 1.0 and 1.3 N/mm2 on average.
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Figure 13 After test pulling of drill cores from Engelholm HAB polymer. Top, the
alternative with water, and bottom, the alternative with potassium

formate.

No major changes regarding surface tensile strength of the pavements in the

weather simulator were found. The only difference that can be detected is that failure

in the pavement was more varied and super cial after treatment with de-icing agent.

However, the change in the mode of failure did not occur for the pavements exposed

to water instead of de-icing agent in the weather simulator. As a rule, failure occurred

within the pavement also for the specimens exposed to urea.

In addition, it was found that the specimens exposed to water or urea were dry on

their upper surface after the experiment. Specimens exposed to potassium formate,

potassium acetate or potassium acetate plus glycol were, however, "greasy" and moist

on their upper surface and in the voids.
In regard to softening of the upper surface of the pavement, this is well illustrated

by the brushes used in the experiment. As mentioned earlier, the brushes for

potassium acetate, potassium formate and the mixture of potassium acetate and glycol

were severely blackened, while the brushes for water and urea respectively appeared

clean (similar results were noted in the initial test according to Section 5.2.2).
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6.3.4 Indirect tensile strength

This test was performed at SINTEF. Two specimens from each pavement slab were

included in the investigation, together with reference specimens.

The test was performed at 10°C in accordance with the Norwegian method

(conforming to FAS method 446 Determination of water sensitivity in indirect tensile

test). No storage procedures were used before the test.

For the reference specimens, tensile strength was between about 700 and

2000 kPa. The values for the pavements from Engelholm and Landvetter were more

than twice as high as those for the pavements from Gardermoen.

Only the conventional pavement from Gardermoen was clearly stiffer after the

weather simulator experiment. For other pavements, the change was smaller. For the

pavements from Landvetter and Engelholm, stiffness decreased (and tensile strain

increased) somewhat independent of the exposure alternative (also with water). For

the polymer modi ed pavement from Gardermoen, the change was marginal.

Considerable caution should be applied when drawing conclusions since only

double testing has been performed.

6.3.5 Dynamic creep test

This test was performed at the VTI. Drill cores (diameter 15 cm) from pavements

exposed in the weather simulator were tested according to FAS method 468 97.

Creep test was performed according to the method at 40°C. Creep rate, creep

modulus and strain were recorded.

Only specimens from Gardermoen Ab16 (conventional asphalt concrete with

B180), which had been exposed to water, urea and potassium formate respectively in

the weather simulator were included. (Other specimens sent to the VTI were stored in

plastic bags for further tests).

No decisive differences between the series of tests were found.

The dispersion between individual values is large, possibly due to differences in

voids content, specimen thickness and unevenness of the upper surface.

The results are shown in the table below.
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Table 6.4 Dynamic creep testfor Gardermoen Ab16.

           

Specimen De-icing Specimen Creep Creep Strain

agent thickness rate modulus (n=3600)

atn=3600

(mm) (Me/S) (M Pa) (us)
Gardermoen Ab16 water 54.6 0.3 12.9 7700

53.2 0.7 6.9 14500

54.3 0.5 9.0 11100

53.8 0.3 11.0 9100

Mean 0.5 10.0 10600

SD 0.2 2.6 2951

urea 54.8 0.3 11.3 8900

53.8 0.9 5.7 17700

54.8 0.3 10.2 9900

54.2 0.7 6.3 15800

Mean 0.6 8.4 13100

SD 0.3 2.8 4333

Potassium 57.0 0.5 7.6 13200

formate 57.3 0.4 10.4 9600

57.0 0.5 8.8 11300

57.0 0.3 11.0 9100

Mean 0.4 9.5 10800

SD 0.1 1.5 1857

 

6.3.6 Analysis of run-off water

Some of the test slabs in the weather simulator were provided with collection trays

for run-off water under the slab. After the experiment, the water from the trays was

analysed at SINTEF Kjemi.
For all specimens, very low concentrations of acids and phthalates (about 20ug/l)

were found. For specimens exposed to the mixture of glycol and potassium acetate, a

number of volatile components were also found which may have been present in the

glycol as contaminants. Therefore, the samples of run-off water from specimens

exposed to different de-icing agents (including water) could not be distinguished

from each other (with the exception of the alternative with glycol).
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7 Tests of de-icing agents according to the new
supplementary requirements in the technical
requirements specification of the Civil Aviation
Administration

The supplementary technical requirements to SAE AMS 1431A and SAE AMS 1435

in the technical requirements speci cation - De-icing agents in uid form and solid

form (granulate) for de icing of airport traf c movement areas - issued by the Civil

Aviation Administration, stipulate testing of the functional properties of such agents

and their in uence on asphalt pavements.

"Functional properties" refers to melting capacity. Testing must be performed at

5°C according to the method described in Handbook of Test Methods for Evaluating

Chemical Deicers (SHRP-8332). The designation of the particular method is

SHR-H205 2.

7.1 Influence on asphalt pavement

Testing includes storage of bitumen and asphalt specimens in de icing agent with

subsequent determination of softening point and surface tensile strength. Test

methods and requirements have been developed within the present de-icing project.

Both methods and requirements are preliminary and will be revised prior to the next

purchasing negotiations.

For bitumen testing, B180 and B60 are used. B180 is stored for 24 hours at 20°C.

B60 is stored for up to three weeks at 20°C and one week at 40°C respectively. After

storage, softening point determination is performed where possible. The change in

softening point for B60 after three weeks storage in de-icing uid at 20°C must not

exceed 3°C. Other results need only be reported.

For tests on asphalt specimens, standard specimens of pavement ABT16/B180

with voids content of 7% by volume are used. The specimens are stored for 14 days

at 40°C, after which tests on surface tensile strength are performed according to the

speci ed method.

The methods are appended. A certain amount of further development and

veri cation of the methods remains.
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8 Discussion, conclusions and further work
The results from this project show that a degrading effect occurs on asphalt

pavements and other materials under the in uence of the runway and aircraft de-icing

agents tested.

Although certain "softening" of the binder in the asphalt concrete occurs,

resistance to de-icing agents increases with increasing hardness of at least

conventional penetration bitumen. The in uence increases with time, temperature and

concentration of the chemical.

Among the de-icing agents studied, potassium formate and sodium formate had the

greatest in uence on the binder. In uence from the acetate based de-icing agents is

somewhat less than for the formate based agents. In uence from CMA is less than for

the other acetate products, and the in uence from urea is considerably less.

Other parameters of importance in the de-icing agent are the pH value and the

surface tension properties of the solution. pH and surface tension were found to be of

decisive importance for adhesion between binder and mineral aggregate in an asphalt

pavement (and on the mineral aggregate as such).

The aim of the project has been to develop test methods for determining the

in uence of de-icing agents mainly on asphalt concrete. The project has resulted in

two laboratory test methods which have been published in connection with the new

supplementary requirements in the technical requirements specification of the Civil
Aviation Administration. One of the methods concerns in uence on bitumen during

storage in de-icing agent at varying temperatures and times, with determination of

softening point before and after storage. The other method concerns similar in uence

on asphalt concrete with testing of the surface tensile strength before and after

storage. Certain further development and veri cation of the methods remain.

Development work has also included a number of other methods. At least two of

these are recommended for continued investigation and evaluation. They are the

Cantabro test and the Californian Abrasion Test.

The Trondheim experiment has been conducted in consultation with a number of
manufacturers of de-icing agents. Planning seminars and progress seminars have been

arranged where the manufacturers have been invited to express views, explanations

and additional information on their products, as well as the in uence of these on

asphalt concrete, bitumen and other materials tested in the weather simulator. The

project has probably provided both manufacturers and customers with a large amount

of new knowledge and experience regarding de-icing agents and the consequences of

using different types of chemicals on runways and aircraft.

It is important for development work on products and test methods to be continued

so that relevant demands can be set on de icing agents for runways and aircraft.
"Relevant demands" refers not only to good melting capacity but also to adaptation to

materials such as runway pavements and equipment, as well as to the environment.
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lR-diagrams for de-icing agents
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Asphalt Mix tests with acetate De-lcing agent
Background

To determine possible detrimental effects of de-icing agents on asphalt mixes, Californian

Abrasion Tests and Retained Marshall tests were modified to incorporate a de-icing agent

exposure/soaking step. In particular test conditions are sought which can assess the effect of

the de-icing agent. These two tests were selected as both they assess the adhesion

performance of bitumen in presence of mineral aggregates in the end-product : the asphalt

mm.

1. Bitumen Characteristics

Three different bitumen were used in this investigation. A standard 885 bitumen as

reference, Mexphalte FS and an experimental polymer modified bitumen coded PMBX. The

first two materials have been used at the Arlanda field trial. The base bitumen for PMBX is a

B180 penetration grade and a mixture of polymers (including 888) was used.

2. Asphalt mix production

Standard dense graded asphalt mix was used based on quartzite mineral aggregates, Shell

Research standard, maximum stone size 11 mm. The bitumen content is 5.8 pha and the

specimens made by Marshall compaction have an average void content of approximately

5.0%.

3. Asphalt Mix Tests

Both Californian Abrasion Tests (CAT) and Retained Marshall (RM) tests were performed on

specimens exposed to water (normal procedure) and the acetate de-icing agent.

The CAT was performed at 409C and at 609C. Both of these were the temperatures at which

the specimens were exposed to acetate for a prolonged period of time -up to 16 days. To

study the effect of acetate, specimens were exposed to water for a prolonged period.

Reference in each case is the unexposed value obtained in the test. This usually means

exposure to water to achieve only the appropriate test temperature (i.e. 0 days and 40, 609C

respectively).

The RM test was performed by soaking specimens for two days in water (standard test

protocol) and comparing values obtained with specimens soaked for respectively two days

and one week in acetate. Exposure takes place at 609C after pre-treatment under vacuum of

the specimens at 09C for approximately 3 hours.
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4. Results

4.1 CAT results

Table 1: Material loss, 9, in CAT after exposure to water and acetate at 40 - C and 60 - C.

          

    

 

     

time (days) I 885 reference PMBX Mexphalte FS

Exposure at 40 9C in acetate

0 21 21 21

7 26 17 16

16 26 18 14

Exposure at 60 QC in acetate

0 36 32 25

7 failed 4O 22

16 failed 67 29

Exposure at 609C in water

0 36 32 25

8 failed 53 3O

15 failed 66 3O
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Figure 1: CAT at 40°C in acetate

Marshall blocks exposed to Acetate at 40°C,

         

Material loss, 9 followed by Californian Abrasion Test at 40°C

80

60

40

8-85
_ _ _ _-dL-----P-----------A

2o¥'='=';:: PMBX.IIIII II===:::::::::: --"

Mexphalte FS
0

Exposure time, days

Figure 2: CAT results at 60°C in Acetate and water

Marshall blocks exposed to ACETATE and WATER at 60°C,
. followed by Californian Abrasion Test at the 60°C

Material loss, 9

 

80 Illllllllll

Water _ I

6O '-

    

Mexphalte FS

     

0 r i 7 14

Exposure time, days
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4.2 RM results

Figure 3: Retained Marshall Test Results after exposure to acetate at 60 9C

_ Modified Retained Marshall in water and acetate de-icing agent
Retained Marshall (%)

  

IWATER - 2 DAYS

IACETATE - 2 DAYS

00 ElACETATE -1 WEEK    

  

    

90

80-

70-

      

60 ~

PMBX Mexphalte FS

5. Discussion

At 409C in the CAT no effect is found on asphalt specimens stored in acetate de-icing agent

up to 16 days for all three bitumens. The measured loss of material remains more or less

unchanged. See figure 1. ,

At 609C the CAT results are different, see figure 2. The mix specimens with 885 bitumen

stored for a longer period have deteriorated so much that it was impossible to test in the

CAT. The specimens fall apart after 7 days storage. The mix with PMBX also shows a

deterioration when stored for up to 16 days. However, the mix specimens can be tested and

show an increase in the material loss. The mix made with Mexphalte FS shows hardly any

deterioration after storage.

The tests at 609C were performed on specimens stored in water and in acetate. The effects

observed after storage in acetate are the same to the ones observed after storage in water.

The increase of loss of material (and the disintegration of the specimens with BB5) appears

independent of the storage medium. Consequently, there seems to be no detrimental effect

of storage in acetate when compared with water.

The RM test give a different picture and are quite surprising. The RM values seem to

increase upon storage in acetate after 2 days and after 1 week when compared with the

initial RM values. This suggests that storage in the de-icing agent medium is beneficial to the

adhesion properties of the asphalt mix! No unambiguous explanation can be given at this

stage of this effect.

6. Conclusions

Long time exposure (up to 16 days) of asphalt mix specimens at 409C in acetate does NOT

influence the loss of material measured in the CAT.

Long time exposure (up to 16 days) of asphalt mix specimens at 609C influences the loss of

material in the CAT. The magnitude depends on the bitumen used in the specimens but does

NOT depend on the use of acetate as storage medium.

Storage in acetate (up to 1 week) improves Retained Marshall values of all specimens tested.
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Mikroskopi af asfalt materiale med péfaldende UV-lys V_

 

Figur 1: Overflade af pmven. 2,7 x 4,1 mm.

lngen polymer lm i overfladen.

 

Figur 3: Fordybning i overfladen af pmven.

2,7 x 4,1 mm. Tynd polymerfilm (ca. 5pm) i

bunden af fordybningen.

Figur 2: Over ade af pmven. 2,7 x 4,1 mm.

lngen polymer lm i over aden.

.§

Figur 4: Overflade af pmven. 2,7 x 4,1 mm.

Polymeransamling "gemt" i an spraekke.



Mikroskopi af asfalt materiale med péfaldende UV-lvys

  

   
Figur 5: @verste lag i pmven. 2,0 x 2,7 mm. Figur 6: Som figur 5 men 0,5 x 0,7 mm.

Polymerfasen kan ses som smé nistre i bin-

demidderiller-matrixen. Midti billede ses

et mindre omréde, hvor polymerfasen er

uhomogent fordelt, med stzsrre omréder

uden polymer (hvid pil).



Mikroskopi af asfalt materiale med péfaldende UV-lys V_

 

Figur 1: Nederste lag i praven. 2,0x 2,7 mm. Polymerfa- Figur 2: Sam figur 1', men 0,5 x 0,7 mm.

sen ses primaert som smé nistre homogent fordelt i bin-

demiddel/filler matrixen. Midt i billede ses dog et om-

réde uden polymerfase (hvid pil).

 

Figur 3: Nederste lag i praven. 2,0 x 2,7 mm. Polymerfa- Figur 4: Sam figur 1, men 0,5 x 0,7 mm.

sen ses primart som smé nistre homogent fordelt i bin-

demiddel/filler-matrixen. Midt i billede ses dog et om

réde uden polymerfase (hvid pil).



Mikroskopi af asfalt materiale med péfaldende UV-lys

 

Tyndslib; 8043-1

 

Figur 1: Overflade af pmven. 2,7 x 4,1 mm. Figur 2: Overflade af preven. 2,7 x 4,1 mm.

Der kan ses en polymerfilm i overfladen af Der kan ses en polymerfilm i overfladen af

pmven med en tykkelse pé 80til 540 um. preven med en tykkelse pé ca. 160 um.



Mikroskopi af asfalt materiale med péfaldende UV-lys V__

 

Figur 3: Overflade af pmven. 2,7 x 4,1 mm. Figur 4: Overflade af preven. 2,7 x 4,1 mm.

Der kan ses en polymerfilm i over aden af Der kan ses en polymerfilm i over aden af

pmven med en pé ca. 160 pm. pmven med en starre ansamling i en revne.

 

Figur 5: Qverste lag i pmven. 2,0 x 2,7 mm. Figur 6: Sam figur 5, men 0,5 x 0,7 mm.

Polymerfasen kan ses som smé nistre i bin-

demiddellfiIler-matrixen.



Mikroskopi af asfalt materiale med péfaldende UV-lys

Tyndslib; 8043-2

 

Figur 1: Nederste lag i preven. 2,0 x 2,7 mm. Polymerfa Figur 2: Sam figur 1, men 0,5 x 0,7 mm.

sen kan ses som smé nistre i bindemiddelffilleru

matrixen.

 

Figur 3: Nederste lag i pmven. 0,5 x 0,7 mm. Polymerfa Figur 4: Nederste lag i praven. 0,5 x 0,7 mm. Polymerfa-

sen kan ses som smé nistre i bindemiddelf ller- sen kan her ses som lidt starre nistre i bindemid

matrixen, men der store omréder, hvor der ikke kan ses del/ filler-matrixen.

polymerfase (hvide pile)
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BITUMINOUS BINDERS

Storage in de-icing fluid

3.2

ORIENTATION
Storage in runway deicing uid is performed to evaluate the effect of the uid on

bitumen used in airport runways.

Examples of de icing uid include solutions of acetate, formiate and urea.

SUMMARY
Two specimens of bitumen, cast in brass rings, are placed at the bottom of a bowl

containing de-icing uid and stored at a specified temperature for a specified time.

Determination of softening point is performed and the result compared with the

original softening point of material not stored in de-icing uid.

EQUIPMENT
Softening point rings and specimen preparation plate according to FAS Method

338 98 (a specimen preparation plate of glass can also be used).

A at-bottomed storage bowl of glass, diameter approximately 140 mm, height

approximately 30 mm.

SPECIMEN PREPARATION
Specimen preparation is performed according to FAS Method 338 98 (or EN 1427).

After the rings have cooled and the surplus bitumen cut away, the storage phase

begins.

STORAGE
Place the specimen preparation plate and softening point rings with the specimen in

the storage bowl and carefully fill with de-icing uid to a height of 7:2 mm above the

top of the specimen. Cover the bowl with a lid and store at the specified temperature

for the specified time.

 

The concentration of the de-icing uid must correspond to the highest concentration

intended to be used (normally 50% for acetate, formiate and urea).



VTI / LFV Method 1-98 Rev. 1999-06

A suitable storage temperature is ZOiIOC or 4OiIOC.

The storage time may vary from 24 hours upwards. Normally, storage takes place for

24 hours -I_- 30 minutes, 1 week i 30 minutes, 3 weeks i- 30 minutes, or until

dissolution of the binder occurs. (After storage at 40°C, the specimen is brought to

room temperature (for at least 30 minutes) before testing according to FAS Method

338 98.)

6. TESTING
After storage, softening point determination is performed according to FAS Method

339-98 (or EN 1427). The softening point obtained is compared with that of binder

not stored in de icing uid. The difference in softening point is stated.

7. REPORT

Report the following

a) that the determination has been performed according to this method

b) softening point (Ring and Ball), and the difference in softening point after

storage

c) storage temperature

d) storage time

e) type of binder (degree of penetration, e. g. B 180)

f) type of de icing uid (e. g. potassium acetate) and product name

g) density, pH value and concentration of the de-icing uid
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RESISTANCE OF ASPHALT CONCRETE FOR
AIRFIELDS TO DE-ICING FLUID

Adhesion Test

A
s
o
p
o
r
l
s
n
s
n
e
s
a
o
we Orientation

Summary

Equipment

Manufacture of specimens

Determination of dry weight and bulk volume

Testing

Calculation

Precision, possible repetition

Report

Orientation

This method is intended for determining the adhesion of a specimen of

asphalt concrete after storage in de icing uid. The adhesion is the force in
N/mm2 required for failure to occur in the upper surface of the asphalt
concrete under perpendicular pull off tension with an increase in tensile

force of 200 N/s.

The adhesion test is performed largely in the same way as the method used
for testing the adhesion of road markings to a road pavement (VV Method

502) and/or the method specified in BRO 94 for determining the adhesion of
waterproofing to an underlying concrete surface. (A proposal for a similar

method for testing the fuel resistance of asphalt concrete for airfields has

also been developed).

Summary

Testing is performed on a sawn Marshall specimen on which a well defined

test surface has been carefully drilled out in the asphalt concrete to a depth
of about 5 mm. The specimen is stored in deicing uid and the test surface
is then processed. A steel stamp is bonded to the test surface. During testing,
the stamp is pulled off with an increase in tensile force of 200 N/s, the force
being applied perpendicularly to the test surface. An MTS test equipment
may be used. The adhesion upon failure and the type of failure are recorded.

Testing is normally performed on four specimens after storage in deicing

uid.

The results are compared with those for specimens which have not been

stored in deicing uid.
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Equipment

Vessel for storing specimens in de-icing uid.

Vacuum exsiccator.

Vacuum pump for evacuation of the exsiccator. The pump must be able to

reach a level of 6.7 kPa within 10 min and this level must remain constant
(Within $0.3 kPa) throughout the vacuum treatment.

Manometer for measuring absolute pressure in the exsiccator.

Equipment according to FAS Method 414 or other approved equipment for

laboratory mixing of bituminous asphalt.

Equipment according to FAS Method 414 for compaction of Marshall

specimens or other laboratory compaction equipment such as gyratory
compaction machine, roller or vibrating hammer.

Steel stamps with a diameter of 50 mm.

Epoxy adhesive (e.g. Araldite AW 106 + HV 953).

Steel brush for brushing the test surface.

Compressed air supply.

Acetone.

Base and holder for fixing the specimen prior to adhesion testing (see
Fig. 1).

MTS testing equipment or similar.

Equipment for drilling out a test surface.

Climate cabinet capable of maintaining a constant temperature of 20:10C

for warming specimens.

Heating cabinet capable of maintaining a constant temperature of 40i1°C

for heated storage of specimens.

Exsiccator grease.

Manufacture of specimens

Produce a number of specimens by compaction according to Marshall (FAS
Method 414) or other laboratory compaction method. The Marshall
specimens should have a diameter of 100:5 mm and a height of 60i10 mm.
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The bitumen may be produced in an asphalt mixing plant or in the

laboratory.

Other laboratory compaction equipment such as gyratory compaction

machines, rollers or Vibrating hammers may also be used.

Determination of dry weight and bulk volume

Allow the specimens to reach room temperature. Mark them with a

waterproof marking.

Store the specimens overnight in room temperature on a at surface.

The next day, determine the bulk density for each specimen according to

FAS Method 427.

Saw the specimens in half and carefully drill a test surface with a diameter

of 550 mm and a depth of about 5 mm approximately in the centre of the

sawn surface of the specimen.

Allow the specimen to dry at room temperature for at least three days.

Testing

Store the specimens at 40:10C and perform adhesion testing at room

temperature (20:1 OC).

Storage in de-icing fluid

Store the specimens in de icing uid, first for 3 hours i 5 min under

vacuum and room temperature, and then for a further 14 days i 30 min at

normal pressure and specified storage temperature. Four specimens are

stored for testing.

Divide the specimens into two equal groups (a wet anda dry group) with
regard to bulk density. The mean bulk density must not differ by more than

30 kg/m3 between the groups.

Place the specimens in the wet group with the sawn and drilled side upwards
in the exsiccator. If the design of the exsiccator permits, the specimens may

be placed in two layers with a perforated shelf between the layers.

Pour de icing uid at room temperature into the exsiccator to a level 2 3 cm

above the top of the specimens.

Evacuate to an absolute pressure of 6.7 i 0.3 kPa within 10 i l min. Adjust

the evacuation rate and pressure with a valve or rubber hose with clamp.
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Keep the absolute pressure at 6.7 i 0.3 kPa for 3 hours. Turn off the pump
and carefully admit air into the exsiccator until atmospheric pressure is
reached.

Continue storage in a vessel (3.1) at 40il°C for a further 14 days i 30 min.
Here again, the specimens must be placed with the sawn and drilled side

upwards immersed in de-icing uid to a level 2 3 cm above the top of the

specimens. At the same time, the group of dry specimens is stored in room
temperature (20 25°C).

After storage, take the specimens out of the de-icing uid and blow the test
surfaces lightly with compressed air for about 15 seconds so that any loose
material is removed. Do this immediately after storage. Wipe the test

surfaces with acetone and brush them lightly with a steel brush. Bond the
test stamp to the test surface with epoxy adhesive. After the adhesive has

cured for about 1 hour (1 h i 10 min, place the specimen together with the
stamp in a polythene bag. Seal the bag (e. g. with a rubber band or tape) and

allow the specimen to cure at 20:10C until the following day (201-1 h).

Prepare the test surfaces of the dry group of specimens in a similar manner
and bond the test stamp to them. Allow the specimens to cure without being
placed in a polythene bag.

Adhesion test

Fix the specimens in the adhesion testing machine. Apply the tensile force

perpendicularly to the test surface and perform the test with an increase in

tensile force of 200 N/s until failure occurs.

The adhesion test must be performed at 20:10C.

Record the tensile force in kN together with the type of failure (superficial
or deep within the pavement). Calculate the arithmetic mean of the adhesion

for the dry group and wet group respectively.

Calculation

Calculate the adhesion at failure in N/mm2 to two decimal places according
to the formula:

Vmax : Fmax
A * 1000

where:

Vmax adhesion at failure, in N/mm2

Fmax recorded tensile force at failure, in kN

A area of the test surface, in mm2

Calculate the arithmetic mean.
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8. Precision, possible repetition

Approve values if the relative difference between an individual value and
the mean is less than 20%.

If the difference is greater, test a further two specimens. Calculate the

arithmetic mean of all the values. Reject the value if the relative difference
between the arithmetic mean and an individual value is greater than 20%.
Calculate a new value from the approved values.

N0 round robin test has been performed.

9. Report

Report the following:

a) that testing has been performed in accordance with this method

b) any deviations

c) type of asphalt, including bitumen designation

d) bulk density of all specimens and mean and SD for each group
e) storage uid (type, product name, density, pH value and concentration)

f) adhesion in N/mmz, means and individual values to one decimal place

g) type of failure

Figure 1 Base, holder and equipmentfor adhesion testing (road markings).




