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Dynamic crack bridging is a crucial property in protective coatings particularly in environments like multi-storey car parks (MSCPs). Here, movement, loads, structural weak points
and temperature fluctuations can lead to cracking in the structural concrete. Where the concrete is protected with asphalt or coatings, cracking may also occur in these materials
due to structural movement or breakdown over time.

Without protection, this cracking will allow water and chlorides to enter the structure leading to corrosion of the steel reinforcement and damage to the concrete. Dynamic
cracks cyclically open and close typically due to thermal movement and vehicle loadings. Once cracks develop, damage can accelerate due to freeze - thaw cycles and spalling.
Within limits, a dynamic crack-bridging waterproofing and surfacing system can accommodate the movement of cracks in concrete and existing coatings, ultimately preventing
the ingress of damaging water or chlorides.

EN 1504-2 is the European standard which describes definitions, requirements, quality control and evaluation of conformity for surface protection systems for concrete, including
crack-bridging coatings. It provides a standard by which coatings used in car parks and other concrete structures can be tested to meet vital performance criteria such as
adhesion, durability and critically, crack bridging. EN 1504-2 certified* waterproofing and surfacing systems with appropriate performance can significantly extend the lifespan
of concrete structures while maintaining a safe, functional, trafficable surface.

In this guide we will address why dynamic crack bridging is such an important property in coatings, where it is required in concrete car park structures and provide more details
about the standard itself.

*A system which has been “tested” to EN 1504-2 is not the same an EN 1504-2 “certified” system.
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Higher risk of cracking Lower risk of cracking

Pre-cast elements (concrete planks) Concrete frame

Double T units In situ concrete decks
Steel frame Floating slabs (over insulation)

Lightweight construction Permanent metal formwork
Lift slab

Note: It is important to consult a qualified structural engineer to evaluate the condition of the structure.
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The majority of multi-storey car parks are constructed primarily from steel reinforced concrete with the steel improving the tensile strength of the concrete. Without the steel
reinforcement, the concrete is strong under compression but weak under tension, resulting in a high risk of cracking and failure under load. In reinforced concrete, the alkaline
concrete itself provides protection to the steel reinforcement from corrosion via a passive layer. The primary risk to structural integrity is the corrosion of the embedded steel due
to chlorides in road salts or as a result of carbonation.

Chloride ingress

Chlorides from road salts dissolved in water are driven in and deposited by vehicles,
with the highest levels typically found on lower levels. If the concrete structure does
not feature fully waterproof coverings, these dissolved chlorides can migrate through
the concrete to the steel reinforcement.

Where the concrete is cracked there may be a direct route through from the
surface to the steel for chloride ingress. When chloride ions reach the steel surface,
their combination with hydrogen ions contained in the water, creates acids which
neutralise the alkalinity of the concrete.

The result is a breakdown of the passive film layer leading to localised corrosion of
the steel reinforcement.

Common crack types in reinforced concrete:

e Flexural (bending) cracks Corrosion
e Shear cracks

e Torsion cracks

e Punching shear cracks

e (Cracks due to anchorage or lap failure
e (Cracks induced by temperature changes
e (Cracks due to freeze-thaw

e (Cracks due to reinforcement corrosion
e (Cracks due to alkali-silica reaction

Any crack in a concrete structure will allow direct access of road

salts (chlorides) and CO2 (carbonation), accelerating the corrosion
processes.

The long term consequence will be structural failure.

Ref: The Concrete Society



https://www.concrete.org.uk/fingertips-nuggets.asp?cmd=display&id=183
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Carbonation

Carbonation is a process where carbon dioxide from the air diffuses into concrete and reacts with the calcium compounds in the cement paste in the presence of water. This
reaction gradually lowers the concrete’s alkalinity, reducing the protective environment around embedded steel reinforcement. Once the pH falls to a critical level, the passive
oxide film on the reinforcement can break down, making the steel susceptible to corrosion. The depth of carbonation increases over time and is influenced by factors such as
concrete quality, cover depth, and exposure conditions.

In car parks this is a particular concern, as structural elements are frequently exposed
to the weather and cycles of wetting and drying, which can accelerate the process.

Adequate concrete cover, appropriate mix design, and protective coatings are
therefore essential to limit carbonation and achieve the service life expected of
modern car park structures.
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For corrosion to occur, the following are required:

a) Rebar has become depassivated by carbonation (pH<9) at crack (anode)
b) Oxygen (0,) and water (H,0) are available at cathode

¢) Concrete has adequate moisture content
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Plastic / dry shrinkage cracks . B

Plastic* shrinkage cracks occur in fresh concrete during the inital curing, due to rapid
evaporation of water from the surface. They typically occur in the first 24 to 72 hours
from concrete placement. Cracks will often be random, roughly parallel with varying St

lengths and depths and are often wider at the surface with diminishing width at : e
depth.

Drying shrinkage cracks occur when concrete loses excess water over time, causing L i : I
a reduction in volume. They occur after the concrete has hardened, potentially weeks 2 Wit e : gt : f :

or months after placement. The cracks can be hairline or wide and are typically more - e S )
uniform and evenly distributed than plastic shrinkage cracks. Slabs and thin sections fi R T A e
are most vulnerable to drying shrinkage cracking due to their large surface area. e '

In multi-storey car parks, plastic shrinkage and drying shrinkage cracks are common. : el e T - L o T TN
Drying shrinkage can often occur near corners, edges, and joints where moisture loss e L S (T R ;
occurs from multiple surfaces. Since shrinkage cracking follows no specific pattern, it S . P s T
can emerge wherever restraint to movement exists, often forming at right angles to R R SRR e
the direction of restriction.

Cracks which form during construction are easier to treat as they should be visible Form during construction

at the time of overlay. These cracks tend to move less than cracks which form post Form due to non-recurring stresses

construction and the cracks typically only move in the horizontal plane from thermal Plastic shrinkage cracks occur during concrete curing
movement. While these cracks may not directly compromise structural integrity, they Drying shrinkage cracks occur during concrete drying
still provide a path for water, chloride and carbonation ingress.

Often relate to restraint e.g. from corners or columns

*plastic refers to the concrete being in its uncured state Limited movement compared to structurally related cracks, typically
restricted to horizontal thermal movement

Typically easier to treat due to lower movement and being visible at
the time of overlay




Types of cracks in multi-storey car parks

Dynamic cracks

Reinforced concrete is designed with the assumption that it has minimal tensile
strength, with steel reinforcement carrying the tensile stresses. As a result, reinforced
concrete members subjected to significant loads often exhibit some cracking.
However, concrete reinforcement controls the width of these cracks to ensure
structural durability, serviceability, and aesthetics. Maximum allowable design crack
widths (typically 0.3mm) under normal service loads are set to maintain durability,
watertightness, and visual acceptability.

Crack width limits vary based on structural function and exposure. While some cracks
may exceed specified limits, their impact depends on location, structure type, and
environmental conditions, requiring engineering judgment to assess their significance.

“For reinforced concrete structures, crack widths are limited to 0.3 mm. For
prestressed concrete structures and for bridges, the maximum crack width is
related to the environment.

In all structures, a few cracks will be wider than specified, but this should

not necessarily cause concern unless the wider cracks are at critical locations.
Some engineering judgement is required to determine their significance and
this will depend on the location in the structure, the type of structure and the
environment.”

Ref: Concrete society

Cracks which form post construction will be dynamic as they are subject to the
movement which caused the crack, thermal movement and dynamic movement
through varying loads on the structure. This movement may be in multiple planes,
particularly where rotational movement occurs e.g. at the ends of pre-cast concrete
planks over beams.
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Form post construction
Dynamic in nature: subject to ongoing movement
Movement can be in multiple planes

Affected by dead loads and dynamic loads
Subject to thermal expansion and contraction cycles
Can be subject to rotational movement
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EN 1504-2:2004 is a European and British standard (BS EN 1504-2) titled “Products and systems for the protection and repair of concrete structures. Definitions, requirements,
quality control and evaluation of conformity. Surface protection systems for concrete.”

This standard specifies requirements for the identification, performance (including durability aspects), safety, and evaluation of conformity of products and systems used for

the surface protection of concrete structures. EN1504-2 includes requirements for products and systems for concrete protection that cover a wide range of applications. It is
applicable to anti-carbonation paints, hydrophobic treatments to prevent moisture and chloride ion ingress, as well as crack bridging systems that could be used on car park
deck surfaces.

Its primary aim is to enhance the durability of both new and existing concrete and reinforced concrete structures through appropriate surface protection measures. Triflex are
closely involved with independent industry leading assessment bodies throughout the UK and Europe. Our waterproofing, surfacing and marking systems have been recognised
by these external bodies for their exceptional quality and performance.

— ol * Applicable test methods within EN 1504-2:
Products and systems EN 1SO 5470-1 Abrasion resistance
for the protection and -
repair of concrete EN 1062-6 Permeability to CO2
structures — g
Definitions, EN ISO 7783-2 Permeability to water vapour
requirements, quality . . -
control and evaluation EN 1062-3 Capillary absorption and permeability to water
f conformity —
::Zn::!:z oo EN 13687-1 Freeze thaw cycling with de-icing salt immersion
romeree EN 13687-2 Thunder shower cycling (thermal shock)
EN SO 6272-1 Impact resistance
IR s EN 1542 Adhesion by Pull-off test
EN 13036-4 Slid / skip resistance
=oe EN 1062-11 Behaviour after artificial weathering

EN 1062-7 Determination of crack bridging properties

*Table B.1: Examples of the application of the classification system in three individual cases (BS EN 1504-2:2004)
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The test method used for determining crack bridging properties in EN 1504-2 is defined under EN 1062-7, titled “Paints and varnishes - Coating materials and coating systems
for exterior masonry and concrete - Part 7: Determination of crack bridging properties”. The standard specifies a method for testing crack bridging properties of coatings used in
both protection and repair. The procedures determine how well a coating can bridge cracks under static or dynamic movement at different temperatures. It helps classify coatings
by their crack-bridging class, guiding their suitability for structures subject to cracking or movement.

Overview

e The coating is applied to a concrete sample !()ue to tl:e glit;s ’:‘rallisiti(:[r‘l t:mperature of plastics, the lower the
e Adefined crack is made in the concrete substrate at a nominal crack point i T ELHEU G IETE EUEE:

e The sample is conditioned to a specific temperature -20°C representative of UK environment (-10°C is easier to pass)
e The crack is continuously widened at a defined speed at the specific temperature The test results must state the temperature e.g. B4.2 (-20°C)

e A measurement is taken when either the coating or coating system fails, or the shows that the system has passed the toughest test at -20°C

required crack width is reached
Test method A: Static crack bridging Test method B: Dynamic crack bridging
The crack width is continuously enlarged at a defined speed. The measurement The crack width varies periodically within defined limits. The measurement is taken
is taken when either failure occurs in the coating or coating system or when the when either failure occurs in the coating or the coating system, or when the dynamic
required crack width is reached. cycle is completed. For the most severe test under the standard (B4.2), the total
number of crack cycles is 21,000, it takes 9.25 hours and it is all carried out at a
defined temperature:
al Width of Speed Simulation of building movement:
ass crack bridged mm/min e 1,000 larger movements (0.2mm to 0.5mm)
AT > 0.1 mm _ Simulation of dynamic / traffic loads:
"~ 095 005 e 20,000 smaller movements
= oo mm - (10,000: 0.45mm and 0.55mm, 10,000: 0.15mm and 0.25mm)

A3 <0.5mm 0.05

A4 < 1.25mm 0.5

A5 |<2.5mm 0.5 (8]
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Car park top decks and ramps receive the most severe exposure conditions, including thermal movements that induce crack opening, and solar radiation that accelerates
embrittlement of coatings. Protection with waterproofing and surfacing solutions that have dynamic crack bridging properties which reflect the intended use environment
are necessary. For the UK and European climate, systems that can demonstrate flexibility and integrity at -20°C, are considered appropriate to these exposure conditions. The
dynamic crack bridging ability of the coating contributes to increased durability and life cycle length for the waterproofing, and in turn the structure; important elements for
sustainable solutions for the built environment.

Today in ageing car parks, the waterproofing, surfacing and protection systems may also protect the investments made in concrete repairs. If owners have invested in sacrificial
anodes, then protecting it with the appropriate waterproofing and surfacing is a must.
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Pipers Row car park, Wolverhampton in 1997. Partial collapse attributed to carbonation
and a lack of waterproofing to cracks: https://www.hse.gov.uk/research/misc/index.htm
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Where is dynamic crack bridging needed?
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A waterproofing, surfacing and protection system with crack-bridging properties prevents water and chloride ingress through cracks, inhibiting steel corrosion. Such systems can
actively contribute to extending the lifespan of the structure and reduce maintenance costs. This ensures a safe, durable, and cost-effective environment for vehicles and owners.

Systems with dynamic crack bridging properties are needed in car park areas where
the structure is subjected to repeated movement or stress, to maintain integrity of the
protection.

Key locations include:

1. Beams: Where pre-cast elements and in situ concrete decks are supported at
beams, deflections in the adjacent less supported area can result in rotational
movement causing cracking over the beams.

2. Day joints and crack inducement: Day joints and induced cracks (e.g. saw cuts)
are weak points in the construction and therefore subject to an increased risk of
movement.

3. Driving and parking surfaces: The decks of car parks are subjected to heavy traffic
loads, vibrations, and dynamic stresses from vehicles, making them prone to cracking.
The whole surface should be considered if crack locations cannot be predicted.

4. Ramps and sloped areas: These areas experience additional stress from vehicles
braking, accelerating, and turning, increasing the risk of crack formation.

5. Perimeter walls and edge details: These regions can experience cracking from
restraint.

6. Repairs and transition zones: Areas where two different materials or structural
elements meet often experience differential movement, leading to cracking.

Addressing dynamic crack bridging in these critical areas ensures structural durability,
prevents chloride and water ingress, protecting the car park from premature
deterioration caused by corrosion, freeze-thaw cycles, and chemical exposure.

All external areas over occupied premises
Cracks

Beams

Day joints and crack inducers

Details

Repairs

Whole area where crack locations cannot be predicted
10



Practical provision of dynamic crack bridging

Multi-storey car park refurbishment
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The waterproofing surfacing and protection system must meet the structural protection needs. When addressing dynamic crack bridging in car parks, the decision between
treating local areas versus whole areas depends on the extent, severity, and location of the cracks, as well as the condition of the structure. Dynamic crack bridging capabilities
can be achieved through localised reinforcement, or full reinforcement.

Localised reinforcement

Isolated cracks or specific problem areas are identified from a visual survey
Cracking location can be predicted and extrapolated e.g. if most beams have
cracking, treat over all beams

Focuses on areas only where needed

Complemented by a flexible waterproofing membrane to the main area

Full reinforcement (whole deck dynamic crack bridging)

Widespread cracking or significant deterioration is present across the structure
or the structure is high risk (over occupied premises, steel frame with pre-cast
concrete units)

Preventative maintenance is desired to avoid future damage and ensure uniform
protection

Structural movement or environmental exposure affects large portions of the deck
or car park

Provides comprehensive protection, addressing both existing visible cracks and
potential future ones

Enhances durability and waterproofing for the entire area, reducing long-term
maintenance needs

Reinforcement in Triflex waterproofing systems utilise a polyester
fleece reinforcement, coupled with Triflex's technologically
advanced PMMA resin. This is often termed "reinforcement” or
“overbanding” in waterproofing systems.

[




Triflex systems are certified to EN 1504-2

Performance characteristics

Recognised throughout Europe as the industry leaders, Triflex offers a dedicated range
of solutions for multi-storey, underground and surface car parks. Below is an example

of classification of a crack bridging system for exposed surfaces. These are the basic
requirements that designers should specify, to conform to EN 1504 part 2.

C€

0770

Triflex GmbH & Co. KG, KarlstraBe 59, 32423 Minden, Germany

10

10/2351/01/02

EN 1504-2: ZA, 1d, ZA. 1f and ZA. 1g

Car park waterproofing and surfacing system

Triflex ProPark variation 1 and 2

Abrasion resistance < 3000mg
Permeability to C02 Sd > 50
Water vapour permeability Class Il
Permeability to water <0,1kg/(m?./h)
Adhesion strength by pull off test > 1,5 N/mm’
Resistance to thermal shock / thermal compatibility > 1,5 N/mm’
Resistance to severe chemical attack Class I, 3 d without pressure
Crack bridging ability B4.2 (-20°C)
Reaction to fire after application Bfl-s1

Skid resistance Class Ill
Impact resistance Class |

Test classification

Triflex
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The most relevant standard used for exposed car park decks is considered to be B4.2
at -20°C. Other test basis e.g. B3.1/B4.1 etc. and tests at higher temperatures e.g.

-10°C are much easier to pass.

Class Test conditions

w, = 0.5mm
w, = 0.2mm trapezold

B4.2 w, = +0.05mm sinus
n = 20,000
f =1Hz

Triflex ProPark fully
reinforced system

achieves class B4.2 at
-20°C

Key
f = frequency
n = number of crack cycles
= load-dependent crack movement

w, = maximum crack width

w, = minimum crack width
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Triflex services

Triflex will conduct a thorough survey to investigate the condition of the existing substrate or waterproofing membrane as well as to get an overall feel for the task at hand. We
have undertaken hundreds of car park surveys across the UK over the last 40 years. On-site testing gives solid information on which to make decisions and assess suitability.

Once demonstrated that the proposed approach is feasible through testing, we can create bespoke project specification proposals for the appropriate system and installation
methodology.

Bespoke project specification proposals




Dynamic crack bridging capability delivers confidence to asphalt overlay

Whilst EN 1504-2 provides the standard framework for surface protection systems
in concrete, it can deliver confidence in other substrate applications. With particular
emphasis on dynamic crack bridging to accommodate substrate movement and
prevent water ingress, Triflex also brings assurance to their asphalt overlay solutions.

Triflex waterproofing systems are equally effective on asphalt, offering durable
protection against moisture and surface deterioration.

The dynamic crack bridging technology ensures that cracks, whether in concrete,
asphalt or other coatings are dealt with effectively.

Whatever the substrate, the Triflex crack bridging capability provides reassurance that
the surface remains resilient under traffic loads and environmental stress.

Triflex
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asphalt

Multi-storey
car park

Contents:

3 key drivers for action

9 asphalt failures you cannot ignore

4 options for failing asphalt

Triflex PMMA systems for asphalt overlay

To read more about Triflex solutions for asphalt
overlay, download the guide here.



https://www.triflex.co.uk/download/6237/Triflex%20Solutions%20for%20Failing%20Asphalt%20MSCP.pdf
https://www.triflex.co.uk/download/6237/Triflex%20Solutions%20for%20Failing%20Asphalt%20MSCP.pdf
https://www.triflex.co.uk/download/6237/Triflex%20Solutions%20for%20Failing%20Asphalt%20MSCP.pdf
https://www.triflex.co.uk/casestudies/honeywell-technologies

Triflex system overviews and build-ups

Triflex ProPark®

e Fully reinforced dynamic crack bridging waterproofing, surfacing and
protection system for car park decks and ramps

e Totally cold applied, with no risk from hot works

e BBA certified service life in excess of 15 years

e Designed to overlay failed asphalt, concrete and existing membranes
e Exceptionally rapid curing / rainproof times, even at low temperatures
e Tough and durable protection

e High levels of long term skid resistance

e (Certified and tested to the highest UK and European standards

e Solvent and isocyanate free

e Comes in a range of standard and bespoke colours

Certified and tested to:
e EN 1504-2: Dynamic crack bridging class B4.2 (-20°C)
e EN 13501-1: Class Bfl-s1

e EN 13501-5: Class BROOF (t4)

Finish
Waterproofing wearing layer
Reinforced waterproofing
(single process)

Primer (if required)

Triflex
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Triflex DeckFloor

Flexible, locally reinforced waterproofing, surfacing and protection system for
car park decks and ramps

Local reinforcement with dynamic crack bridging membrane

Totally cold applied, with no risk from hot works

Service life in excess of 15 years

Designed to overlay failed asphalt, concrete and existing membranes
Tough and durable protection

High levels of long term skid resistance

Exceptionally rapid curing / rainproof times, even at low temperatures
Solvent and isocyanate free

Comes in a range of standard and bespoke colours

Certified and tested to:

EN 1504-2
EN 13501-1: Class Bfl-s1




Triflex system overviews and build-ups

Triflex DeckCoat

e Durable, protective PMMA coating for internal concrete decks and ramps
e Compatible with concrete substrates

e |ocal reinforcement with dynamic crack bridging membrane

* Tough and durable protection

e High levels of long term skid resistance

e Exceptionally rapid curing, even at low temperatures

e Solvent and isocyanate free

e Comes in a range of standard and bespoke colours

e Totally cold applied, with no risk from hot works

Certified and tested to:
e EN 1504-2
e EN 13501-1: Class Cfl-s1

Finish

Waterproof wearing layer

Triflex
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Triflex DeckDefence

e (Cost effective hybrid system for internal concrete decks and ramps

e Compatible with concrete substrates

e Optional local reinforcement with dynamic crack bridging membrane
e Tough and durable protection

e |Installed in a simple, two process application

e Comes in a range of standard and bespoke colours

e Solvent and isocyanate free

e Totally cold applied, with no risk from hot works

e Available in 2 variants specifically engineered to deal with a wide range of
substrate textures
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Tel: 01785 819119
Email: info@triflex.co.uk

Website: www.triflex.co.uk

Click here for more information or to
register for your free condition survey

Triflex (UK) Ltd
Whitebridge Way
Stone
Staffordshire
ST15 8IS
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