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1. Introduction

This report is prepared by Nellemann, Nielsen & Rauschenberger A/S represented by:

Ole Viggo Andersen, project manager
Anders Kirk Christoffersen

Bent Foverskov

Lisbeth Hastrup

Bjorn Eriksen

and commented by contractors, represented by

John Christiansen, Otto Christensen & Kaj Serensen A/S
Jan Ake Anderson, SIAB/NPL

Jorn Asmussen, LANDCON

Peter Kamp Nielsen, LANDCON

Erik Kluge, EXLUGE A/S

Flemming Torben, RENESCO A/S

and commented by suppliers
Jorgen Schou FOSROC A/S

1.1 Scope

The report describes guidelines for the contractors of how to make repairs in the
construction phases of non-conformities and defects on high quality concrete: High
quality concrete is in this context defined as concrete prepared according to the
specifications in the Danish Road rules, concerning Bridges in aggressive environ-
ments.

The guidelines are divided into 3 parts:
* Guidelines for inspection and planning of repairs, which is intended to be used
when the contractors are registrating defects and finish works, evaluating the

registrations and planning the repair methods

* Guidelines for specifications of repairs, which gives criterias for specifying repair
materials and methods including quality control.



* Guidelines for working procedures, which gives instructions for the handcrafts of
how to prepare the repairs and apply the repair methods.

Disposition of the guidelines is coordinated to the guidlines for surface treatment
from the Road Directorate, re. 22.

The economic aspects of the repairs are described with reference to the experiences
from the maintenance of bridges in Denmark.

The guidelines only consider routine repairs. The guidelines should only be used on
the basis of detailed considerations in each projects and by persons who are experi-
enced in this field.

The guidelines are supplemeted by the report HETEK, Repairs during the construc-
tion Phase. Illustrations, which describes defects and non-conformities and discuss
the evaluations and planing of repairs.

1.2 Background
The report is based on initial studies including the reports:

HETEK Repair in the construction phase: State of the Art. Road Directorate 1996. Re
25.

HETEK Repair in the construction phase: Field studies. Road Directorate 1996. Re
24,

The guidelines are described with references to current standards such as draft for
European Standard prEN 1504-1, -3 and -9, re. 28. and ZTV-SIB 90 re. 27.

The report is also correlated to other works such as:

BPS Typiske beskrivelsesafsnit for renovering af armerede betonkonstruktioner, re
23.



2. Guidelines for inspection and
planning of repairs

Inspection and planning of repairs of concrete structures concern procedures for:
- registrations of defects and non-conformities

- evaluation of the registrations

- planning of repair methods and working procedures.



Inspection of form stripping:
Recording of defects and
measurements and

safety consideration

Evaluation of defects and choice of repair
procedure on the basis of enviromental
conditions and requirements regarding
function, duration, aesthetics, economy

and time
No Finishing Defects of little Defects of great
significance works significance significance
Special
investigations
. Special
No Routine repair procedure/
action repair procedure Routine
repair procedure
Inspection and control of the repair

Figure 1:  Guidelines for inspection and repairs during the construction phase.



2.1 Inspections
Inspections and registrations of defects comprise the following routines:

» Immediately after the form stripping the defects are registered and located and the
extent of the defects are measured. The registration must described on drawings, in
a way that it is possible to reinspect the defects or repairs.

» Cover control is carried out with non-destructive measuring equipment in combina-
tion with measurements in drilled holes. (& 20 mm)

* Variations of the crack-width over the time and with temperature variations are
recorded. Min. cracks width of 0.1 mm are recorded. Cracks are inspected after
significant temperature variations after hardening of the structure - e.g when the
concrete temperature variates more than 10°C.

» Tolerance control
* Reinforcement in the joint - position and need for cleaning.

» Condition of the casting joint and need for cleaning.

Typical defects and non-conformities recorded after form stripping are :

» Cracks

» Holes and honeycombs

* Wrong dimensions

 Too little or too much cover

» Depressions/cavities

» Lack of alignment at casting joints

= Cavities around waterstops

 Air voids

» Minor surface defects such as damages from forms, damages on edges

Other repairs considered as finishing works include:

* Injection of cooling pipes

» Repairs of clamp holes

*» Repairs of holes from lifting anchors

» Repairs of holes from drilled cores

* Repairs of holes from other testings

* Repair of block-outs made for construction purposes.
* Repair of drilled holes from testing of concrete cover.



2.2 Evaluation of defects and non-conformities
The defects and non-conformities are evaluated on the basis of the following parame-
ters:

* Bearing capacity should be evaluated in connection with all kinds of defects.
Large defects may require supplementary investigations and calculations to ensure
that the safety and function of the construction are preserved.

* Aesthetic demands are included in the assessment of damages localized on visible
construction parts, e.g. sidebeams and columns.

* Durability and environmental impacts are already defined as a required lifetime
required to be at least 100 years in an aggressive environment, but there might be a
need to evaluate the location of the actual construction part in the construction, as
the local conditions of exposure are important in the classification of the non-
conformity.

» Economic consequences for the scheduled construction work are assessed on the
basis of an evaluation of the repair work.

On the basis of these considerations, it is evaluated whether the defects are of little or
great significance or of no importance at all.

Finishing works are also registered.

. The inspection records and evaluations should be considered by the owner before the
repair processes are planned.

2.3 Planning of repairs
The work procedures can be divided into routine repair procedures or special repair
procedures:

Routine repair procedures:

Routine repairs procedures include the following;:

» procedures for preparations of repairs - working procedure 1-4 concerning remov-
ing of defect concrete, cleaning of surfaces and ducts

» procedures for concrete restorations - working procedures 5-7 concerning replacing
of the original concrete by bonding hand-applied mortar, spraying concrete or
mortar or recasting with concrete

» procedures for injection - working procedure 8 injection for filling for stopping the
ingress of water e.a. and working procedure 10 injection of cooling pipes

» procedures for other ingress control - work procedure 9 concerning surface coating.



Table with guidelines for routine repair procedures - the routine repairs must be registered and considered in

each case:

Defect or non-conformities/ | Preparations Repair procedures Principles according to
Finishing works Working procedures European Standard pr EN1504
Cracks Preparation of cracks (Working Injection of cracks Concrete injection

procedure 4) (Working procedure 8)

Holes and honeycombs

Cleaning of surfaces (Working
procedure 2)

Repairs made with mortar,
shotcrete or concrete
{Working procedures 5, 6
and 7)

Wrong dimensions

Removal of defect concrete or
wrongly placed concrete
(Working procedure 1)

Repairs made with mortar,
shotcrete or concrete
(Working procedures 5, 6
and 7)

Too little cover

Cleaning of surfaces (Working
procedure 2)

Repairs made with mortar,
shotcrete (Working
procedures 5, 6 and 9) or
surface cooling or no repair

Too much cover

Removal of defect concrete or
wrongly placed concrete
(Working procedure 1)

Repairs made with mortar
(Working procedure 5) or
other methods

Depressions/ cavities

Cleaning of surfaces (Working
procedure 2)

Repairs made with mortar
(Working procedure 5)

Cavities around water stops

Removal of defect concrete or
wrongly placed concrete
(Working procedure 1)

Repairs made with mortar
or injection (Working
procedure 5 and 8)

Air voids Cleaning of surfaces (Working Repairs made with mortar
procedure 2) (Working procedure 5)

Cooling pipes Cleaning of cooling pipes Injection of cooling pipes
(Working procedure 3) (Working procedure 10)

Clamp holes Cleaning of surfaces (Working Repairs made with mortar
procedure 2) (Working procedure 5)

Structural and non-structural
repairs

Minor surface defects

Cleaning of surfaces (Working
procedure 2)

Repairs made with mortar
(Working procedure 5) or
surface coatings (Working
procedure 9).

Surface protection

Holes from drilled core,
lifting anchors and other
testings

Cleaning of surfaces (Working
procedure 2)

Repairs made with mortar
(Working procedure 5)




The repair procedures are planned on the basis of the recorded and evaluated defects
and non-conformities. The planned repairs procedures must be confirmed by the
owner or his representative before the repairs are executed.

Special repair procedures

Special repairs procedures relate to non-conformities which are significant with
regards economy, time schedules, durability, structural integrity and aesthetics and
where routine repair procedures are not appropriate. Such methods are :
 Sheltering and overcladding

» Structural strengthening

 Cathodic protection



3. Guidelines for specifications of
repairs

Guidelines for specifications of repairs in the constructions phase include a
describtion for each relevant routine repairs including:

» Application and properties

» Material specifications

which is the basis for the choice of methods and materials.

It might be necessary to establish a testfield, in which the demanded characteristics of
the repair materials are proved and to demonstrate the skills of the workers.

The specifications are diveded into groups conforming to the European Standard re.
28 and with correspondings to the working procedures which are described in section
4 of this report:

Preparations of repairs:

Working procedure 1. Removal of defect concrete and wrongly placed concrete
Working procedure 2. Cleaning of concrete surfaces

Working procedure 3. Cleaning of cooling pipes

Working procedure 4. Preparation of cracks for injections

Structural and non-structural repairs:

Working procedure 5. Repairs made with mortar
Working procedure 6. Repairs made with shotcrete
Working procedure 7. Repairs made with concrete

Concrete injection:
Working procedure 8. Injection of cracks
Working procedure 10. Injection of cooling pipes

Surface protection
Working procedure 9. Surface coating



3.1 Removal of defect concrete or wrongly placed concrete

Application and properties
The method is used to remove concrete layers up to approximately 100 mm from
areas of up to approximately 2 m2.

Removal of concrete is done by cutting with pneumatic or electrical handheld
hammers.

Other demolition procedures include the following alternatives:
- Cutting with handheld diamondsaw
- Grinding with a cup-stone on a rotating handheld machine
- Cutting with high pressure water jet (more than 1000 bar).
- Demolition with hydraulic scissors handheld or machine mounted.
- Cutting with machinemounted pneumatic hammers.
“- Cracking or splitting with mechanical tools.
- Blasting with explosives.
- Blowing (not explosives) with expansion mortar
- Cutting and drilling with diamondsaws or drills - machine mounted
- Mill cutting

Decisions concerning demolition methods should be approved by the owner or his
representative.

Materials specifications

Before the work is initiated the necessary protections against dust, noise and shielding
and scaffolding to support loose parts must be taken. Health and security precautions
are required according to the “Arbejdsministeriets bekendtgerelser” re. 1-21.

Special precautions shall be taken when working close to prestressing steel. The
prestressing cables must be located precisely before cutting of the concrete.
Reinforcement must not be damaged by the demolition process.

When using water it must be of the same quality as drinking water.

The surface of the casting joint may be roughened by pneumatxc cutting in order to
approve the adhesion.

3.2 Cleaning of concrete surfaces

Application and properties

The method is used as preparation of concrete surfaces before filling out with mortar,
shotcrete or concrete or before surface coating.

The method is used after the necessary removal of defect concrete or wrongly placed
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concrete.

The surface is cleaned by water jetting at a pressure between 400 and 700 bar.

The surfaces are alternatively cleaned by the followmg methods:

- Blowing with compressed air.

- Sandblasting with water, at pressure 400-700 bar and sand 0,4-0,8 mm.

Materials specification

Before the work is initiated the necessary protections against dust, noise and shielding
and scaffolding to support loose parts must be taken. Health and security precautions
are required according to re. 1-21.

When using water it must be of the same quality as drinking water.

When using compressed air it shall be free of air.

3.3 Cleaning of cooling pipes

Application and properties

The method is used as preparation before injection of cooling pipes and prestressing
ducts.

The ducts and pipes are kept dry by establishing drains and using compressed air.
Before injection the ducts and pipes are checked for obstacles, using compressed oil.

Materials specification
Health and security precautions are required according to re. 1-21.

When using compressed air it shall be free of oil.

3.4 Preparations of cracks

Application and properties

The method is used as preparations of the concrete surface near cracks before sealing

and placing of packers which is glued over the cracks.

The cracks at the surface are cleaned with water jetting at a pressure not exceeding
200 bar.

The cracks may be investigated by inspection of cores or injection of coloured water
as outlined in the guidelines for Working procedure 8 Injection of cracks.
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Materials specifications
Health and security precautions are required according to re. 1-21.

Water shall be of the same quality as drinking water.

3.5 Repairs with mortar

Applications and properties

The method can be applied, when repairing settlements, honeycombs, limited cavities
and holes from cores etc.

Repair mortar can be applied on vertical, horizontal and undersides surfaces.

Repair mortar can be used for layers of up to 40 mm or less - the layers shall
correspond to the size of aggregates in the mortar.

Repairs with mortar and bonding primer is not allowed to be made below +5°C and
when exposed to direct sun and strong wind.

Materials properties
Health and security precautions are required according to re. 1-21.

Material safety code not higher than 0 - 4, re. 2.

The repair-system may consist of mortar and primer. The materials must be declared
in REPTON and possess the listed demands:

Mortar and primer are not allowed to contain aluminum cement according to DS 411.
Content of water soluble chromate must not exceed 0.2 mg/kg cement determined
according to DS 1020.

Chloride must not have been mixed in and the chloride content must not exceed 0.1 %
of the binding mass (cement, flyash etc).

12



Specification of repair mortar:

Properties

Test method

Specification

Service time

NT Build 197

1 hour (20° C) (recommendation)

Consistency and

Visual evaluation

The workability shall make it

Frost-resistance:NT Build
376 or
SS 1372 44

workability possible to apply the mortar on
vertical surfaces or undersides if
necessary (recommandation)
Compression DS 423.23 (Cube strength) | Equal to the structural concrete, %
strength 10% '
Adhesion NT Build 365 (Adhesion) Min. 1,2 MPa, average 1,5 MPa
strength according to re. 22
Deformation NT Build 366 (Shrinkage) | Shrinkage max 0.10 %
NT Build 367 Temperature deformation max 1,5
(Temperature 10-5 pr°C
deformation) Elasticity equal to the structural
DS 423.25 (Modulus of concrete, = 10%
elasticity)
Durability NT Build 443: Chloride Equal to the structural concrete, +
permeability 10%

Specification of bonding primer:

Properties

Test method

Specification

Service time

NT Build 197

1 hour (20° C) (recommandation)

Adhesion
strength

NT Build 365 (Adhesion)

Min. 1,2 MPa, average 1,5 MPa
according to re. 22

The chosen product has to be approved by the owner or his representative before the

repair is started.

The pot-life of the mortar and bonding primer is affected by temperatures. In the

summertime it must be noticed that the pot-life is reduced.
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In order to obtain the best possible repair, the mortar must be compacted, in order to
avoid cavities in the repairmortar.

The repair must be protected from sun and rain. In hot and dry weather it is important
that careful protection against evaporation is made immediately after the repair.

When applying more layers - the previous layer must be suffiently hardened.

3.6 Repairs with shotcrete

Applications and properties

For repairs of large-scale honeycombs and cavities or repairs of incorrect concrete
cover thickness, the method of filling in with shotcrete can be applied.

Shotcrete can be applied on vertical, horizontal and undersides surfaces.

The layers of the shotcrete shall correspond to the size of aggregates.

Shotcrete is not allowed to be made below +5°C and exposed to direct sun and strong
wind.

Materials specifications
Health and security precautions are required according to re. 1-21.

Material safety code not higher than 0 - 4, re. 2.

The reinforcement applied has to be steelmesh 3 x 50 x 50 mm or stainless steel 5 x
100 x 100 mm.

The materials must be declared in REPTON and possess the listed specifications
Water shall be of the same quality as drinking water.

The shotcrete is not allowed to contain aluminum cement according to DS 411.
Content of water soluble chromate must not exceed 0.2 mg/kg cement determined
according to DS 1020.
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Chloride must not have been mixed in or the chloride content must not exceed 0.1 %
of the binding mass (cement, flyash etc).

Properties Test method Specification
Compression DS 423.23 (Cube strength) | Equal to the structural concrete, +
strength 10%
Adhesion strength NT Build 351 (Bond Min. 1,2 MPa, average 1,5 MPa
strength) according to re. 22
Deformation NT Build 352 (Shrinkage) | Shrinkage max 0,10 % -
Durability NT Build 443: Chloride Equal to the structural concrete, &
permeability or ASSHTO 10%
T277-832 Rapid Chloride
Permeability Test
Frost-resistance:NT Build
376 or
SS 137244

3.7 Repairs with concrete

Application and properties
Concrete is applied when repairing large settlements, honeycombs and cavities.

Concrete can be applied on vertical surfaces in forms and on horizontal surfaces.
Repair concrete is used for layers of more than 40 mm.

Casting of concrete is not allowed to be made below +5°C. The fresh concrete shall be
protected against direct sun or strong wind.

Materials specification
Health and security precautions are required according to re. 1-21.

Material safety code not higher than 0 - 4, re. 2.
The applied repair concrete should be identical to the construction concrete. If the
repair concrete not is mix identical to the structural concrete the materials, must be

declared in REPTON and possess the specifications of the construction concrete.

The repairconcrete may need more workability, because it is somewhat difficult to
compact this particular repair.

15



3.8 Injection of cracks

Applications and properties

This method is applied for water tightening of cracks exposed to water. The cracks
may variate from 0.1 mm.

The method may also be used for dried cracks.

When using foarning polyurethane, temperatures may go down to 0°C, provided no
ice inside the crack. When using 2 component polyurethane temperatures may go
down to 3°C. With temperatures are here temperatures 20 - 30 mm inside the concrete

to be considered.

Materials specification
Health and security precautions are required according to re. 1-21.

Material safety code not higher than 0 - 6, which means the materials must be solvent
free. Re. [ 2].

The injection fluid is chosen among the following:
 Polyurethanes, foaming or 2-component.

* Acryl modified.

Alternatively epoxy is used for dry cracks and structural purposes.

Properties Test method Specification
Viscosity According to ZTV- Acrylic gel:Min 50 mPas at 20°C
RISS 93 Polyurthane: Min. 100 mPas at
20°C
Gel time According to ZTV- Acrylic gel: 1 s-4 hours (20°C)
RISS 93 Polyurthane: 50 s-2 hours (20°C)
|| Corrosive _ Must be of anti-corrosive type
Dehydration Visual inspection of | Full expansion after dehydration.
dry samples which (Acrylic gel)
are exposed to water
Durability _ Durable in alkaline and aggressive
water environment

16



3.9 Surface coating

Application and properties

Surface coating can be applied when there is a need for reducing the chloride
permeability of the concrete, the carbon dioxide permeability and reducing the water
permeability without entrapping damp.

The materials which can be used according to the Road Directorate re. 22. Surface
treatment are: '

» Acrylic high build paint

» Elastic acrylic cement based layer

» Unelastic acrylic cement based layer

« Elastic acrylic based layer

Impregnation is not allowed on the bridges.

The systems are described in details in “Udbud og anlagsforskrifter”. Betonbroer.
Overfladebehandling af betonoverflader re. 22". As a summery of the
recommendations the following can give some indications:

Elastic acrylic high build paint is not recommended for concrete surfaces with cracks
and surfaces exposed to traffic.

Elastic acrylic based layer can be used on concrete surfaces with small cracks, but not
on surfaces exposed to traffic.

‘Unelastic acrylic cement based layer is not recommended for surfaces with cracks,
but there are no limitations to light traffic.

Elastic acrylic cement based layer can be used on concrete surfaces with small cracks,
but not on surfaces exposed to traffic.

Materials specification
Health and security precautions are required according to re. 1-21.

Materials safety code not higher than 0 - 3 and for primers max 1-3, re.2

As a summery the following specifications can be described:

- Alkali durability in 5 years determined by inspections and by testing of adhesion
tests VDPROV 04/93. Re 29.

- Weathering. Durability in 3 years. Visual inspection and DIN 54003, DIN 54001
and DIN 16624.

- Dirt and cleaning. Easy to clean by water jetting at 60 bar. Visual inspection

17



- Maintaining. Easy to maintain according to the supplier’s specifications.

- No pores. Visual inspection.

- Effects equivalent as 10-20 mm of concrete according to test method APM 402.

- Adhesion strength min 1.2 Mpa according to VDPRGV 04/93.

- Water resistance: NT Build 342 Class 1 after 24 hours. Classified as very water
resistant.

- Water-damp-permeability: ASTM E96-80 max Z;;,,=2.5 -10 Gpasm2/Kg.

- Carbondioxide resistivity more than Z.,,=3000 Gpasm2/Kg (NT-BUILD 300) or
effect equivalent as 20 mm of concrete according to test methos NT-BUILD 372.

- When cracks are to be covered with elastic coating min. crack width are 0,8 mm
tested according to re. 22.

3.10 Injection of cooling pipes

Application and properties
The method is applied when injecting cooling pipes.

Materials specifications
Health and security precautions are required according to re. 1-21. Materials safety
code not higher than 0-4.

The grout shall consist of Portland cement, water and admixtures and must not
contain aluminum cement according to DS 411. Content of water solube chromate
must not exceed 0.2 mg/kg cement determined according to DS 1020.

Cloride must not have been mixed in or the chloride content must not exceed 0.1 % of
the binding mass (cement, flyash etc.).

The fluidity of the grout during the injection period shall be sufficiently high for it to
be pumped effectively and adequately to fill the pibe, but sufficiently low to expel the
air and any water. When tested according to EN 445 Grout for prestressing tendons -
Test methods, the results shall meet the specification in EN 447 Grout for prestressing
tendons - specification for common grout.

The bleeding of the grout shal be sufficiently low to prevent excessive segregation
and settlement of the grout materials. When tested according to EN 445 Grout for
prestressing tendons - Test methods, the bleeding shall be less than 2 % of the initial
volume of the grout after 3 hours.

The strength of the grout shall be not less than 30 Mpa at 28 days or 27 Mpa at 7
days, when tested according to EN 445 Grout for prestressing tendons - Test methods.



4. Guidelines for working procedures
of repairs

The guidelines include the following working procedures, which is divided into
groups conforming to the drafts in European Standard re. 28:

Preparations of repairs: ,
Working procedure 1. Removal of defect concrete and wrongly placed concrete
Working procedure 2. Cleaning concrete surfaces

Working procedure 3. Cleaning of cooling pipes

Working procedure 4. Preparations of cracks

Structural and non-structural repair:

Working procedure 5. Repairs made with mortar
Working procedure 6. Repairs made with shotcrete
Working procedure 7. Repairs made with concrete

Concrete injection:
Working procedure 8. Injection of cracks

Working procedure 10. Injection of cooling pipes

Surface protection
Working procedure 9. Surface coating

The guidelines must only be used by skilled labourers.

Operators and handcrafts must have been trained by the suppliers. Skills should be
demonstrated on trial repairs before applications on the structures.

The guidelines must only be used after inspections, evaluations and planning
according to the guidelines outlined in part 2 and 3 of this report.
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4.1 Working procedure 1 removal of concrete with defects or non-
conformities

Safety and health

Health and security precautions are required according to re 1-21 and the instructions
from the suppliers: The operators must wear goggles, gloves, protection of the face
and ear protection when using noisy tools.

Application instructions
The water must be of the same quality as drinking water.

Compressed air must be free of oil.
The area where concrete shall be removed must be marked before hand and approved
by the designer or other competent authority. Areas outside this part must not be

damaged.

The edges are cut with a diamondsaw in an angle of 90° in the depth of 20 mm.

Y

Figure 2:  Casting joints

The concrete is removed by cutting with pneumatic scaling hammer or alternative
methods depending on the situation in question - amount of defects, design of
reinforcement and other conditions.

The reinforcement must not be knocked on directly with the hammer.
After the removal of the concrete with defects the surface is treated with water jetting
with a pressure between 400 and 700 bars. Water is removed from the building site

without damaging the surroundings. The concrete is treated until a sound and clean
base without any loose particles is observed.
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Where reinforcement is exposed the concrete must be removed min. 20 mm behind
the bars. The reinforcement is also cleaned by water jetting of up to 700 bars.

Quality control

1. No delaminations must be found when the prepared concrete surfaces are
controlled by acoustic testing with a hammer. The sound must not variate from the
areas of concrete with no defects.

2. No delaminations, cracks or inhomogenities must be found by visual examinations
of cores which are drilled out of the prepared surfaces after each 10 repairs.

4.2 Working procedure 2 cleaning of concrete surfaces

Safety and health

Health and security precautions are required according to re 1-21 and the instructions
from the suppliers: The operators must wear goggles, gloves, protection of the face
and ear protection when using noisy tools.

Application instructions
The water must be of the same quality as drinking water.

The concrete surfaces are treated with water jetting with a pressure between 400 and
700 bars. Water is removed from the building site without damaging the
surroundings.

Quality control

1. No loose particles or dirt must be found when the prepared concrete surfaces are
controlled by observation of set-offs on a black cotton cloth, which has been rubbed
against the cleaned concrete surface according to VDPRGV.: 03/93.

2.The adhesion strength of the cleaned surface, determined according to VDPR@V
04/93 shall have a min. 1.2 Mpa and average 1.5 Mpa, re.29 and 22.

4.3 Working procedure 3 cleaning of cooling pipes

Safety and health
Health and security precautions are required according to the re. 1-21 and the

instructions from the suppliers: The operators must wear ear protection when using
noisy tools.

Instructions

Before injection of the cooling pipes, the pipes are kept dry by establishing drains and
using compressed air. The compressed air must be free of oil.

It must be ensured that water is not entrapped in the ducts and risks of freezing
damages shall be avoided.
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Quality control

No water must be entrapped in the ducts. This may be controlled by blowing the pipes
with compressed air.

4.4 Working procedure 4 preparation of cracks for injections

Safety and health
Health and security precautions are required according to re. 1-21 and the instructions

from the suppliers: The operators must wear goggles, gloves, protection of the face
and ear protection when using noisy tools.

Application instructions
The water must be of the same quality as drinking water.

Holes for packers are treated with water jetting with a pressure between 20 and 100
bar.

Surfaces near the cracks which are going to be sealed are cleaned with water jetting
with a high pressure not higher than 200.

Water is removed from the building site without damaging the surroundings.

Quality control

No loose particles or dirt must be found when the prepared concrete surfaces are
controlled by observation of set-offs on a black cotton cloth, which has been rubbed
against the cleaned concrete surface according to VDPR@V. 03/93.

4.5 Working procedure 5 repairs made with mortar

Safety and health

Materials code 0-4, re. 2. Health and security precautions are required according to
re. 1-21 and the instructions from the suppliers: The repair materials contain cement
and the uncured materials are caustic. Use gloves and protective goggles whilst
mixing and during application.

Application instructions
The repair system is mortar based on cement combined with a bonding primer. The
materials may be delivered as one or several components.

The materials must be kept dry and in a frost-free store.

The materials are to be mixed according to the manufactures instructions of mixing
ratio and mixing time.

The concrete surface at the casting joint must be solid, free of loose particles and
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proper preparations must be made according to the preparation in working procedures
1 or 2. Water must be applied to the concrete surface in such a way that the surface is
mat damp. Very dry concrete may be prewetted the day before.

A primer is applied with a brush and with great care in such a way that the
construction joint is covered with a layer of approx. 1 mm. The filling with mortar is
applied with a float board within the mortars pot life and while the primer is still wet.
Correct compaction of the mortar without cavities is of great importance.

When the filling is accomplished, the mortar must be protected from drying out, from
sunshine and wind for at least 5 maturity days. Protection can be made with curing-
compound, plastic etc.

Quality control
1. Climate demands: Air- and concrete-temperatures below +5 °C are not allowed
until the mortar has hardened. The min. temperature of the day must be registered.

2. Surface specifications: Surface geometry: +/- 3 mm measured on a 1.0 m long
straightedge. The repair-surface must be smooth and without cracks, holes or other
faults.

3. Adhesion control: Pull-off strength according to NT Build 365 must be min. 1,2
MPa and an average of 1,5 MPa. 3 tests per 10 repairs. Re. 22.

4. Control by inspection of cores per every 10 repairs. One core is drilled in the centre
of the repair and one at the construction joint. Cracks are not allowed, neither are
signs of inhomogeneous mixing, air voids or lack of adhesion and delaminations.

4.6 Working procedure 6 repairs made with shotcrete

Safety and health

Material code 0-4, re. 2. Health and security precautions are required according to re.
1-21 and the instructions from the suppliers: The repair materials contain cement and
the uncured materials are caustic. Use gloves and protective goggles whilst mixing
and during application. :

Application instructions

Materials must be kept dry in a frost-free store and mixed according to the
manufactor's instructions.

The concrete surface must be solid, free of loose particles and proper preparations
must be made according to the preparation working procedures 1 and 2.
Reinforcement is arranged if the thickness of the repair is more than 30 mm. The
reinforcement is fixed to existing reinforcement, to drilled-in anchors fixed with glue
or to hammered-in plugs. The anchors are not allowed to be in contact with the cast-in
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reinforcement.

Water must be applied to the concrete surface in such a way that the surface is mat
damp. Very dry concrete may be prewetted the day before.

The area to be filled in has to be framed and adjoining areas are to be covered.

Shotcrete is sprayed on by means of special equipment. The shotcrete is built up from
the bottom and upwards. Normally the nozzle is operated in rotating movements,
almost perpendicular to the surface. Applied distance is normally the one which
results in the least rebound-material.

At the start spraying of the repair area is not allowed until flow from the nozzle is
constant. At start and in reinforced areas the mixture used normally has a higher wi/c.

Ingoing corners are sprayed first in order to get the best result.

When building shotcrete in several layers, it is important, that the first layer has
achieved the necessary strength. Rebound-materiel is not to be used, and must
continuously be removed from the area.

At reinforcement the shotcrete is filled in from both sides of the bar in order to fill the
caves behind the bar properly.

Casting joints in the shotcrete are not allowed.

The work procedure is accomplished by plastering until the surface is 5 mm behind
the surrounding concrete surface. Smoothing is not allowed. The shotcreted area is
covered with a taped plastic foil and cured for 24 hours.

The following day the foil is removed and the surface is cleaned by light water
spraying. A bonding primer is added to the surface and a mortar is applied, according
to working procedure 5: Repairs made with mortar. Finally the repair area is sealed
with plastic foil. The mortar must be protected from drying out, from sunshine and
wind for at least 5 maturity days.
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SHOTCRETE

Figure 3:  The shotcrete is finished approx 5 mm from the surfaces, and the repair is
finished with mortar applied with float board.

Quality control
1. Climate demands: Air- and concrete-temperatures below +5 °C are not allowed

until the shotcrete has hardened. The min. temperature of the day is to be recorded.
VDPR@V 17/93

2. Surface specifications: Surface geometry: +/- 1 mm measured on a 1.0 m long
straightedge. The repairsurface must be smooth and without cracks, holes or other
faults.

3. Adhesion control: Pull-off strength according to NT Build 365 must be min. 1,2
MPa and an average of 1,5 MPa. 3 tests per 10 repairs. re 22.

4. Control by inspection of cores per every 10 repairs. One core is drilled in the centre

of the repair and one at the construction joint. Cracks are not allowed, neither are
signs of inhomogeneous mixing, air voids or lack of adhesion and delaminations.
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4.7 Working procedure 7 repairs made with concrete

Safety and health

Material code 0-4, re. 2. Health and security precautions are required according to re
1-21and the instructions from the suppliers: The repair materials contain cement and
the uncured materials are caustic. Use gloves and protective goggles whilst mixing
and during application.

Application instructions

The dry-mix materials must be kept dry in a frost-free store and mixed according to
the manufactor's instructions.

The concrete surface in the casting joint must be solid, free of loose particles and
proper preparations must be made according to the working procedures 1 and 2.
Water must be applied to the concrete surface in such a way that the surface is mat
damp. Very dry concrete may be prewetted the day before.

CONCRETE
/ CONCRETE
P 1S REMOVED
Q /
FORM

Figure 4:  On vertical surfaces a form has to be set up. After removing the form the
top joint is repaired with mortar.
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A primer is applied, and ordinary concreting is accomplished and the concrete is
compacted by vibration.

After filling in the concrete must be protected from drying out, from sunshine and
wind for at least 5 maturity days and protected from rain for 24 hours. Protection can
be made with curing compound, plastic foil etc. If plastic foil is used, the foil is taped
at all sides.

If the repair is to be accomplished at a vertical surface, concrete formwork must be
applied. When the form is removed the top joint is repaired: The excess concrete is
removed according to working procedure 1. A bonding primer is added to the surface
and mortar is applied, according to working procedure 5: Repairs made with mortar.
Finally the repair area is sealed with plastic foil. The mortar must be protected from
drying out, from sunshine and wind for at least 5 maturity days.

The repairsurface must be smooth and without cracks, holes or other faults.

Quality control
1. Climate demands: Air- and concrete-temperatures below +5 °C are not allowed

until the concrete has hardened. The min. temperature of the day is to be registered.
VDPROV 17/93

2. Surface specifications: Surface geometry: +/- 1 mm measured on a 1.0 m long

straightedge. The repairsurface must be smooth and without cracks, holes or other
faults.

3. Adhesion control: Pull-off strength according to NT Build 365 must be min. 1,2
MPa and an average of 1,5 MPa. 3 tests per 10 repairs.

4. Control by inspection of cores per every 10 repairs. One core is drilled in the centre
of the repair and one at the construction joint. Cracks are not allowed, neither are
signs of inhomogeneous mixing, air voids or lack of adhesion and delaminations.

4.8 Working procedure 8 injection of cracks

Safety and health
Material code 0-3, re. 2. Health and security precautions are required according to
re.1-21 and the instructions from the suppliers: The repair materials may contain

acrylic and polyurethane. Use protection of mouth, gloves and protective goggles
whilst mixing and during application.

Application instructions

27



Materials must be kept dry in a frost-free store and mixed according to the
manufactor's instructions.

Cracks are marked on the concrete surfaces and registered according to the example
in appendix 2 and approved by the owner or his reprecentative.

The directions and the course of the cracks must be examined e.g. by drilling out
cores and/or by injection of coloured water.

Alternatively injection can be made in accordance with the different methods
described below: :

- Injection through drilled-in packers. Holes are drilled from both sides of the
crack at an angle of 45-60° vertical. The holes are drilled 10-20 mm past the
crack in the centre of the concrete.

The spacing between the packers is approx. 0.5 x crack-depht, max. 350 mm.

- Injection through drilling in spears to the middle of the cracked crossection. The
crack is not sealed. Holes are drilled from both sides of the crack at an angle of
45-60° vertical. The holes are drilled 10-20 mm past the crack in the centre of
the concrete.

- Injection through glued-on packers, and with a sealed crack. The spacing
between the packers is approx. 0.9 x crack-depht.

For all the above-mentioned methods, pumping aggregate has to be applied. Pumping
pressure shall not exceed 200 bar. For glued-on packers the pressure shall not exceed
60 bar.

The cracks which are going to be sealed and approx. 50 mm at both sides are cleaned
according to work procedure 4: Preparation of cracks.

The injection is started of level of 40 bar increasing up to 200 bar.

When the injection-fluid has hardened up, packers and sealing material can be
removed.

Injection of cracks are to be made by skilled workers only.

The hardening of the injection materials may be controlled on samples taken from the
batch at the injection pump.
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Figure 5: A certain number of packers will be attached on both sides of the crack.
The distance between the packers depends on the depth of the crack and
the type of packers.
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Injection with acrylic
The crack must be cleaned before the injection with acrylic modified materials is
carried out.

Injection with polyurethane
When injecting with 2 component polyurethanes sealing must have hardened before
injection takes place. The surface around the cracks has to be cleaned, free from dust,

grease, oil etc. according to working procedure 4 Preparations of cracks before
sealing is done.

When injection with foaming polyurethane the concrete surface near the crack is
prewetted before injection. The injection is carried out with the lowest possible
pressure. Pumping is continued until polyurethane is flowing out of the crack. After
approx. 1 hour the cracks must be re-injected at a higher pressure.

Quality control

1. Climate demands: Air- and concrete-temperatures below +5 °C are not allowed
until the injection-fluid has hardened. The min. temperature of the day must be
registered. VDPR@V 17. The hardening of the injection must be controlled on
samples. Process data is registered on charts as the example in appendix 2.

2. Visual inspections on cores for every 10 repairs. The cracks must be filled.
3. The contractor fills out an injection protocol (appendix 2), with a record of all

effected conditions such as concrete temperature, weather conditions, scope of
materials, etc.
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Figure 6:

Control by inspection of cores per every 10 repairs. Cores are drilled in
the crack.
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4.9 Working procedure 9 surface coating

Safety and health

MAL code 0-3, re. 2. for top coat and 1 - 3 for primer:

Health and security precautions are required according to re. 1-21 and the instructions
from the suppliers: The repair materials contain organic solvent.

Application instructions

The materials are to be preserved and mixed accordingly to the manufactor's
instructions of mixing ratio and mixing time. The materials must be kept dry and in a
frost-free store.

The surface treatment must not be applied before the concrete surface is hardened
sufficiently. The concrete surface must be dry, solid, free of loose particles and proper
preparations must be made according to the working procedure 2 Cleaning of
concrete surfaces and/or repaired according to working procedures 5-7.

The fluid is applied by brush or roller with an amount according to the supplier’s
specifications. The fluids may be applied in several operations including application
of primers.

Quality control

1. Climate demands: Air- and concrete-temperatures below +5 °C are not allowed
during the repair. Relative humidity of the air must not be more than 80%. The
surface must not be exposed to sun and strong wind. The climate of the day must be
registered according to VDPR@V 17/93 and VDPR@GV 05/93 3 times a day.

2. Visual inspection of 10 % to detect inhomeginities in the surfaces.
3. Control of 10 %, no set-offs on a black cotton cloth according to VDPR@V 03/93.

4. Adhesion control according to VDPR@V 04/93 in each control section. Adhesion
strength higher than 1,2 MPa.
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4.10 Working procedure 10 injection of cooling pipes

Safety and health

MAL code 0 - 4, re. 2.

Health and security precautions are required according to re. 1-21 and the instructions
from the suppliers: The repair materials contain cement and the uncured materials are
caustic. Use gloves and protective goggles whilst mixing and during application.

Application instruction

All materials shall be mixed accordingly to the manufacturer’s instructions or EN 446
Grout for prestressing tendons - Grouting procedures.

Before injection of grout, the pipes and the ducts are prepared according to working,
procedure 3 in part 4.3.

The injection shall ensure that the pipes are completely filled. Pipes and ducts shall be
grouted from the lowest inlet. Grouting shall continue until the fluidity of the grout
flowing from the outlets is the same as the grout being injected to within the limits
specified in part 3.10. Pipes shall be grouted at a continous and steady rate which
shall be slow enough to prevent the segregation of the water from the grout at points
where flow is restricted.

The grout shall be used within the appropriate time limit according to the manufactors
or EN 446.

After completion of grouting the unintended loss of grout from the pipes shall be
prevented.

Quality control

Climate demands: Air- and concrete-temperatures below +5 °C are not allowed until
the grout has hardened. The min. temperatured of the day must be registered. Max
temperature may be considered according to the manufactor or EN 446.

Testing of equipment and grout shall compli to the requireents in EN 446.
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5. Budget cost estimate prices

Budget cost estimates are listed below based on experiences from maintenance of
bridges as described in “Eftersyn af bygveerker, Vejdirektoratet, november 1994".

Price index Januar 1997

Subject DDK (min) | DDK (max)
End support

Shotcrete (ex reinforcement) 2.200 3.300
Middle support

Shotcrete (with reinforcement) 3.300 5.400
Castein 1.100 2.200
Mortar repairs 330 500
Cleaning 30 50
Injections of cracks 4.300 6.500
Thin coating 110 220
Thick coating 400 700
Repair of dilatation joints 330 540
Repair of soft joints 330 540

The table can be used for estimates and budgets. The prises include costs such as:

. traffic regulations
. disturbances and abruptions due to traffic
. difficult access to the work site

When using the price lists for estimates of the repair costs in the construction phase a
reduction of approximately 30-40 % is realistic.
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To demonstrate the price estimates of the working procedures the following situations
are estimated:

- Repairs of honeycombs with mortar - working procedures 1.2 and 5
- Repairs of honeycombs with shotcrete - working procedures 1.2 and 6
- Injections of cracks - working procedures 4 and 8

The repairs concern routine repairs made on high quality concrete. The repairs are
made in the fall and no special precautions concerning the weather have to be
considered. The repairs are made while the construction works are continued. The
repairs are executed with handcrafts with special experience in repairs either from the
casting crew or from another party (external support).

The examples include price estimates of preparations, applications and quality
control. The price estimate is prepared as for a situation with a minimum of 10
repairs.

The price also includes a test repair where the skill of the handcraft are demonstrated
and a test of the repairs are made according to the working procedures.
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5.1 Repairs of honeycombs with mortar
The honeycomb is approximately 1.0 m wide and 0.5 m high and 40 mm deep. The
honeycomp is located on a bridge collumn approximately 1 m above ground level.

The repair is prepared according to working procedure 1: Removal of concrete with

defects.

The repair is made with mortar as RENEDEROC HB40 according to

working procedure 5: Repairs with mortar.

Designation Quantity | Unit | Unity | DDK | Total amount
price in DDK

1. REPAIRS OF HONEYCOMBS WITH MORTAR

a. Mobilization

Mob/demob Is 300

Transportation of equipment Is 240

Transportation of personnel 20,0 km 3 60 600

Transportation of personnel 1 km 300 300 900

b Repairs

Cutting with diamondsaw 3,0 m 60 180

Blasting with compressor 0,5 m2 180 90

Special mortar 0,5 m?2 400 200

Finish 0,5 m2 80 40 510

¢ QA Core drilling and inspection 2000

Sub-total 3.410

d Contingencies app. 10,0 % 340

¢ Total repair (5 - 10 nos) leach 3.750

Numbers of repairs between 1 and 5 - the above price shall be increased by 30%
Numbers of repairs more than 10 - the above price shall be decreased by 20%.
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5.2 Repairs of honeycombs with shotcrete
The honeycomp is approximately 2.0 m wide and 0.5m high and 0.2 m deep. The
honeycomb is located at the underside of a bridgedeck approximately 7 m above

ground level.

The repair is prepared according to working procedure 1: Removal of concrete with

defects.

The repair is made with shotcrete according to working procedure 6: Repairs with

shotcrete.

Designation Quantity | Unit | Unity { DDK | Total amount
price in DDK

2. REPAIRS OF HONEYCOMBS WITH SHOTCRETE
a. Mobilization
Mob/demob Is 650
Scaffold up to 6 m Is 450
Transportation of equipment Is 360
Transportation of personnel 20,0 km 3 60 1.820
Transportation of personnel 1 km 300 300
b Repairs
Cutting with diamondsaw 5,0 m 60 300
Blasting with compressor 1,0 m2 180 140
Shotecrete 0,2 m2 3.600 720
Finish 1,0 m2 400 400 1.600
¢ QA Coredrilling and inspection 2000
Sub-total 5.420
d Contingencies app. 10,0 % 540
e Total repair 1 each 5.960

Numbers of repairs between 1 and 5 - the above price shall be increased by 30%.
Numbers of repairs more than 10 - the above price shall be decreased by 20%.
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5.3 Injection of cracks
The crack is located in the tunnel wall from 0.5 to 2 m above ground level. Seawater

is penetrating through. The crackwitdh is variating up to 0.25 mm. The tunnel wall is
0.4 m thick.

The 6 packers are placed with a distance of 300 mm. The injection is made with
acrylic gel. The injection is made according to working procedure 8 Injection of
cracks and after the injection is the packers removed and the holes repaired according
to working procedure 5 Repair with mortar.

Designation Quantity | Unit | Unity | DDK | Total amount
' price in DDK.

3. INJECTIONS OF CRACKS

a. Mobilization

Mob/demob Is 800
Scaffold up to 6 m Is 650
Transportation of equipment Is 400
Transportation of personnel 20,0 km 3 60 2210

km 300 300

oy

Transportation of personnel

b Repairs

Water jetting L5 m 100 150

Blasting with compressor L5 m 80 120

Packers. 6,0 each 220 1.320

Injection 1,5 m 1.600 2.400

Remove packers 6,0 each 170 1.020

Finish, mortar 1,5 m 110 165 5.175
c QA Is 2.000
Sub-total 7.175
d Contingencies app. 10,0 % 715
¢ Total repair 1 each 5.260
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Meters of repairs between 1 and 5 - the above price shall be increased by 30%
Meters of repairs more than 10 - the above price shall be decreased by 20%.
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Appendix 1:
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Registration of defects and non-conformities.



Skema for registrering af afvigelser, eksempel

Appendix 1.1 *

Entreprise: Afvigelsesrapport nr.:
Entrepener: Dato:

Aktivitet:

Lokalitet:

Afv. | Afv.type | Tegn. nr.

Vurdering af afvigelsens
betydning:
ingen/lille/stor

Kontrol | Bemerkninger
sign.

Beskriyelse/skitsc af afvigelse:
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Appendix 2:

Registration charts for injection procedures.
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Appendix 2.1

Registrering og injicering af revner i tunnelvaegge

I
SKEM4098bi3.DOC

Etape nr. Kontrolafsnit nr.: Hojre / Venstre
Registrering ~ Injicering Dato dokument:
Indméling Dato: Sign.: Side:
Skitse:

Bundplade. OK. kote :?

“——~—«Revne X Borehul O Diagonalt hul " Vand
Foto:
Kontrol Sign.
Besigtigelse Tort Fugt Vand
Kompl. injicering: Ja/ Nej
Godkendt tilsyn Sign.

Dato: Sign.
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Appendix 3: Approval tests of coatings.
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Vejdirektoratet Broafdelingen
Overfladebehandling af betonoverflader

Godkendelsespravning
System 96-1, side 1 af 1

Systemoplysninger
Leverander Materialetypebetegnelse Produktnavn Init
Silikatmalebehandling

Egenskaber for materialer i leveringstilstand
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Miljgvenlighed ATs bekendtgarelser skal | Arbejdshygiejnisk 2 Ja/Nej

overholdes brugsanvisning
Almene egenskaber for den behandlede overflade
Egenskab Krav Metode Faneblad nr Krav opfyidt? Init
Tilsmudsning Ringe smudssamlings- Dokumenteres ved 3 Ja/Nej

tendens referencer ;
Alkalibestandighed Den behandlede overflade | Dokumenteres ved 3 Ja/Nej

(pa sydvendt lodret beton) | referencer

skal veere intakt efter 5 ar
Vedligeholdsmulig- | Enkel og sikker genbe- Skriftlig genbehand- 4 Ja/ Nej
hed handling skal vaere mulig lingsmetode skal

foreligge
Holdbarhed over for | Mindst 3 &r pa lodrette syd- | Dokumenteres ved 3 Ja/Nej
vejrig vendte flader referencer (se V. B.1 -
s.4)

Kulgrbestandighed Oplysning fra pigmentlev: | Henholdvis: 5 Ja/Negj
(Anvendes hvor Kulgreegthed: »8« evt »7« | DIN 54003
veesentligt kulert Vejrbestandighed: »4-5« DIN 54001
udseende gnskes) Alkalizegthed: »+« DIN 16 624, blatt 2
Specielle egenskaber for overfladebehandlindssystemet
Den samlede planlagte behandling og lagtykkelse (incl. udfyldning) skal opfylde folgende krav:
Egenskab Krav Metode Malt veerdi Faneblad nr | Krav opfyldt? |Init
Vedhzeftning og Ingen enkeltveerdier under |1SO 4624 og 6 Ja/Nej
sammenhaeng 0,8 MPa VDPR@V.04/93
Vanddampdiffusions- | Zu.o hejst ASTM E 96-80 8 Ja/Nej
modstand 2,5 GPa-s:-m?kg
Identifikationsprevning
Egenskab Krav Metode Faneblad nr Krav opfyldt? init
Densitet Skal foreligge ISO 2811 - 1976 10 Ja/Nej
Tarstofindhold Skal foreligge ISO 1515 - 1973 10 Ja/Nej
Sammenseetning af | Skal foreligge Infrarad spektroskopi 10
bindemiddel Ja/Nej

Bemaerkninger:

Firmastempel, dato og underskrift

Forkortelser: V. = Vejledning i overfladebehandling af betonoverflader. B.= Bilag. s.= side.



Vejdirektoratet Broafdelingen
Overfladebehandling af betonoverflader

Godkendelsesprovning
System 93-3, side 1 af 2

Systemoplysninger
Leverander Materialetypebetegnelse Produktnavn Init
Acrylplastmalebehandling

Egenskaber for materialer i leveringstilstand
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Miljgvenlighed ATs bekendtgerelser skal | Arbejdshygiejnisk 2 Ja/Nej

overholdes brugsanvisning
Almene egenskaber for den behandlede overflade
Egenskab Krav Metode Faneblad nr Krav opfyidt? Init
Tilsmudsning Ringe smudssamlings- Dokumenteres ved 3 Ja/Nej

tendens referencer
Alkalibestandighed | Den behandlede overflade | Dokumenteres ved 3 Ja/Nej

(pa sydvendt lodret beton) | referencer

skal veere intakt efter 5 ar
Vedligeholdsmulig- | Enkel og sikker genbe- Skriftlig genbehand- 4 Ja/Nej
hed handling skal veere mulig lingsmetode skal

foreligge
Renggringsmulighed | Skal tale hgjtryksspuling SeV. B.1s.8 3 Ja/ Nej
Holdbarhed over for | Mindst 3 ar pa lodrette syd- | Dokumenteres ved 3 Ja/Nej
vejrlig vendte flader referencer (se V. B.1
s.7)

Kulzrbestandighed | Oplysning fra pigmentiev: | Henholdvis: 5 Ja/ Nej
(Anvendes hvor Kulpreegthed: »8« evt »7« | DIN 54003
vaesentligt kulart Vejrbestandighed: »4-5« DIN 54001
udseende @nskes) Alkalizzgthed: »+« DIN 16 624, blatt 2
Specielle egenskaber for overfladebehandlingssystemet
Den samlede planlagte behandling og lagtykkelse (incl. svumning) skal opfylde falgende krav:
Egenskab Krav Metode Malt vaerdi Faneblad nr | Krav opfyldt? {init
Vedhaeftning og Ingen enkeltveerdier under |1SO 4624 og 6 Ja/ Nej
sammenhaeng 1,2 MPa VDPR@V.04/93
Porefri overflade Ingen gennemgadende Visuel bedemmelse 3 Ja/ Nej

porer og revner
Vandafvisende evne | Tydelig vandafvisende NT BUILD 342. 6 Ja/ Nej

overflade pa betonunder- | Klasse 2 efter ned-

lag (se V. B.1s.8) dypning i 1 degn
Evne til at modvirke | Den eskvivalente beton- APM 402 7 Ja/ Nej
kloridindtraengning tykkelse skal svarer til 10

mm af referencebetonen
Behandling bestaende alene af den planlagte grunding og slutbehandling skal opfylde felgende krav:
Egenskab Krav Metode Malt veerdi Faneblad nr | Krav opfyldt? |init
Vanddampdiffusions- | Zuo hejst ASTM E 96-80 ) 8 Ja/Nej
modstand 2,5 GPa-s-m*kg
Kuldioxiddiffusions- | Zco. mindst NT-BUILD 300 8 Ja/Nej
modstand 3000 GPa-s-m¥kg
Identifikationsprevning
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Densitet Skal foreligge ISO 2811 - 1976 10 Ja/Nej
Torstofindhold Skal foreligge 1ISO 15615 - 1973 10 Ja/ Nej
Sammensaetning af | Skal foreligge Infrared spektroskopi 10
bindemiddel Ja/Nej

Forkortelser: V. = Vejledning i overfladebehandling af betonoverflader. B.= Bilag. s.= side.



System 93-3, side 2 af 2

Specifikationer for svyummemartel, udjavningsmateriale

Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Afbindingstid/pot-life | Mindst 1 time ved DS 423.14 11 Ja/Nej
20°C
Vedhaeftning/ Ingen enkeltveerdi un- | ISO 4624 11 Ja/ Nej
sammenhaeng der 2,0 MPa (efter 28
modenhedsdggn)
Overfladefasthed Afsmitning, bedsm- 11 Ja/ Nej
melse 10-7
Krakelering Ingen krakelering ved | Ti-metode 11 Ja/ Nej
lagtykkelse op til 5
mm
Vandoplaseligt Skal veere i over- DS 1020 11 Ja/Nej
chromat i cement- ensstemmelse med
andel DS 427 (hojst 2
mg/kg)

Bemaerkninger: Firmastempel, dato og underskrift




Vejdirektoratet Broafdelingen
Overfladebehandling af betonoverflader

Godkendelsespravning
System 934, side 1 af 2

Systemoplysninger
Leverandaer Materialetypebetegnelse Produktnavn Init
Acrylplasttykfilmmalebehandling

Egenskaber for materialer i Ieveringstilstand (omfatter ogsa eventuel nedvendig grunder)
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Miligvenlighed ATs bekendtgarelser skal | Arbejdshygiejnisk 2 Ja/Nej

overholdes brugsanvisning
Almene egenskaber for den behandlede overflade
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Tilsmudsning Ringe smudssamlings- Dokumenteres ved 3 Ja/Nej

tendens referencer
Alkalibestandighed | Den behandlede overflade | Dokumenteres ved 3 Ja/Nej

(pa sydvendt lodret beton) | referencer

skal vaere intakt efter 5 ar
Vedligeholdsmulig- | Enkel og sikker genbe- Skriftlig genbehand- 4 Ja/ Nej
hed handling skal vaere mulig lingsmetode skal

foreligge
Rengeringsmulighed | Skal tale heijtryksspuling SeV.B.1s.12 3 Ja/Nej
Holdbarhed over for | Mindst 3 ar pa lodrette syd- | Dokumenteres ved 3 Ja/Nej
vejrlig vendte flader referencer (se V. B.1
s.11)

Kulgrbestandighed | Oplysning fra pigmentlev: Henholdvis: 5 Ja/ Nej
(Anvendes hvor Kulgreegthed: »8« evt »7« | DIN 54003
vaesentligt kulart Vejrbestandighed: »4-5« DIN 54001
udseende gnskes) Alkalizzgthed: »+« DIN 16 624, blatt 2
Specielle egenskaber for overfladebehandlingssystemet
Den samlede planlagte behandling og lagtykkelse (incl. svumning) skal opfylde felgende krav:
Egenskab Krav Metode Malt vaerdi Faneblad nr | Krav opfyldt? | Init
Vedhaeftning og Ingen enkeltveerdi under ISO 4624 og 6 Ja !/ Nej
sammenhaeng 1,2 MPa VDPR@V.04/93
Porefri overflade Ingen gennemgéaende Visuel bedemmelse 3 Ja/ Nej

porer og revner
Vandafvisende evne | Ekstra kraftig vandafvisen- | NT BUILD 342. 6 Ja / Nej

de overflade pa Kiasse 1 efter ned-

betonunderlag (se V. B.1 | dypning i 1 degn

s.13)
Evne til at modvirke | Den aekvivalente beton- APM 402 7 Ja ! Nej
kloridindtraengning tykkelse skal svarer tif 20

mm af referencebetonen
Behandling bestaende alene af den planlagte grunding og slutbehandling skal opfylde falgende krav:
Egenskab Krav Metode Malt veerdi Faneblad nr | Krav opfyldt? |init
Vanddampdiffusions- | Zu.o hejst ASTM E 96-80 8 Ja/Nej
modstand 5 GPa-s:m¥kg
Kuldioxiddiffusions-  { Zco, mindst NT-BUILD 300 8 Ja/ Nej
modstand 3000 GPa-s-m%*kg
Revneoverbygnings- | Revneoverbygning pa SeV.B.1s.14 9 Ja / Nej
evne beton ved 0°C og ved en

lagtykkelse pa 500 £ 50

pm mindst 0,8 mm
Identifikationsprevning
Egenskab Krav Metode Faneblad nr Krav opfyidt? init
Densitet Skal foreligge 1SO 2811 - 1976 10 Ja/ Nej
Tarstofindhold Skal foreligge 1SO 1515 - 1973 10 Ja/Nej
Sammensaetning af | Skal foreligge infrarad spektroskopi 10
bindemiddel Ja/ Nej

Forkortelser: V. = Vejledning i overfladebehandling af betonoverflader. B.= Bilag. s.= side.



System 934, side 2 af 2

Specifikationer for svummemertel, udjseevningsmateriale

Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Afbindingstid/pot-life | Mindst 1 time ved DS 423.14 11 Ja/Nej
20°C
Vedheeftning/ Ingen enkeltveerdi un- { 1ISO 4624 11 Ja/ Nej
sammenhaeng der 2,0 MPa (efter 28
modenhedsdagn)
Overfladefasthed Afsmitning, bedem- | SIS 18 41 97 11 Ja/ Nej
melse 10-7
Krakelering Ingen krakelering ved | TI-metode 11 Ja/Negj
lagtykkelse op til 5
mm
Vandopleseligt Skal veere i over- DS 1020 11 Ja/ Nej
chromat i cement- ensstemmelse med
andel DS 427 (hajst 2
mg/kg)

Bemaerkninger: Firmastempel, dato og underskrift




Vejdirektoratet Broafdelihgen Godkendelsesprgvning

Overfladebehandling af betonoverflader System 96-5, side 1 af 1
Systemoplysninger
Leverander Materialetypebetegnelse Produktnavn Init
Uelastisk svummebehandling
Egenskaber for materialer i leveringstilstand
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Miljovenlighed ATs bekendtgarelser skal | Arbejdshygiejnisk 2 Ja/ Nej
overholdes brugsanvisning
Almene egenskaber for den behandiede overflade
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Vedligeholdsmulig- | Enkel og sikker genbe- Skriftlig genbehand- | 4 Ja/Nej
hed handling skat vaere mulig lingsmetode skal
. foreligge
Rengeringsmulighed | Skal tale hegjtryksspuling SeV.B.1s.16 3 Ja/Nej
Holdbarhed over for | Mindst 3 ar pa lodrette syd- | Dokumenteres ved 3 Ja/ Nej
vejrlig vendte flader referencer (se V. B.1
5.16)

Specielle egenskaber for overfladebebehandlingssystemet
Den samlede planlagte behandling og lagtykkelse skal opfylde felgende krav:

Egenskab Krav Metode Malt vaerdi Faneblad nr | Krav opfyldt? |Init
Vedhaeftning og Ingen enkeltveerdi under 1ISO 4624 og 6 Ja/Nej
sammenhaeng 1,2 MPa VDPROV.04/93
Porefri overflade Ingen gennemgaende Visuel bedgmmelse 3 Ja/ Nej

| porer
Vandafvisende evne | Tydelig vandafvisende NT BUILD 342. 6 Ja/ Nej

overflade pa betonunder- | Klasse 1 efter ned-

lag (se V. B.1s.17) dypning i 1 degn
Evne til at modvirke | Den aekvivalente beton- APM 402 : 7 Ja/Nej

kloridindtraengning tykkelse skal svarertil 10
mm af referencebetonen

Vanddampdiffusions- | Zu.o hajst ASTM E 96-80 8 Ja/ Nej
modstand 2,5 GPa-s:-m%kg
Kuldioxiddiffusions- | Den planlagte lagtykkeise |NT-BUILD 372, 8 Ja/ Nej
modstand skal have en akvivalent 1991 med omreg-

betontykkelse pa mindst | ning til &ekvivalent

20 mm betontykkelse
Identifikationsprevning
Egenskab Krav Metode Faneblad nr Krav opfyldt? init
Densitet Skal foreligge ISO 2811 - 1976 10 Ja/Nej
Terstofindhold i Skal foreligge ISO 1515-1973 10 Ja/Nej
plastdispersion
Sammenszetning af | Skal forefigge Infrared spektroskopi 10
plastdispersion Ja/ Nej
Bemaerkninger: Firmastempel, dato og underskrift

Forkortelser: V. = Vejledning i overfladebehandling af betonoverflader. B.= Bilag. s.= side.



Vejdirektoratet Broafdelingen Godkendelsespravning

Overfladebehandling af betonoverflader System 93-6, side 1 af 1
Systemoplysninger
Leverander Materialetypebetegnelse Produktnavn Init

Elastisk svummebehandiing

Egenskaber for materialer i leveringstilstand

Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Miljavenlighed ATs bekendtgarelser skal | Arbejdshygiejnisk 2 Ja/ Nej
overholdes brugsanvisning
Almene egenskaber for den behandlede overflade
Egenskab Krav Metode Faneblad nr Krav opfyldt? Init
Alkalibestandighed | Den behandlede overflade | Dokumenteres ved 3 Ja/ Nej
(pa sydvendt lodret beton) | referencer
) skal veere intakt efter 5 ar
Vedligeholdsmulig- | Enkel og sikker genbe- Skriftlig genbehand- 4 Ja/ Nej
hed handling skal veere mulig lingsmetode skal
foreligge
Renggringsmulighed | Skal tale hejtryksspuling SeV.B.1s.21 3 Ja/ Nej
Holdbarhed over for | Mindst 3 &r pa lodrette syd- | Dokumenteres ved 3 Ja/ Nej
vejrlig vendte flader referencer (se V. B.1
s.20)

Specielle egenskaber for overfladebebehandlingssystemet
Den samiede planlagte behandling og lagtykkelse skal opfylde folgende krav:

Egenskab Krav Metode Malt vaerdi Faneblad nr | Krav opfyldt? |Init
Vedheeftning og Ingen enkeltveerdi under 1ISO 4624 og 6 Ja/ Nej
sammenhzaeng 1,2 MPa VDPR@V.04/93 )
Porefri overflade Ingen gennemgaende Visuel bedgmmelse 3 Ja/ Nej

porer og revner
Vandafvisende evne | Kraftig vandafvisende NT BUILD 342. 6 Ja/ Nej

overflade pa betonunder- | Klasse 1 efter ned-

lag (se V. B.1s.21) dypning i 1 degn
Evne til at modvirke | Den eekvivalente beton- APM 402 7 Ja/ Nej

kloridindtraengning tykkelse skal svarer til 20
mm af referencebetonen

| Vanddampdiffusions- | Zu.o hgjst ASTM E 96-80 8 JalNej

modstand 10 GPa-s-m?kg
Kuldioxiddiffusions- | Den planlagte lagtykkelse |NT-BUILD 372, 8 Ja/ Nej
modstand skal have en akvivalent 1991 med omreg-

betontykkelse pa mindst ning til akvivalent

20 mm betontykkelse
Revneoverbygnings- | Lagtykkelse mindst 2000 | ZTV-SIB 90, TP- 9 Ja/ Nej
evne pum skal kunne godkendes | OS, afsnit 6.15

efter klasse [ (sma
bevaegelser, temperatur-
HRrafik-revner)

Identifikationsprevning

Egenskab Krav Metode Faneblad nr Krav opfyidt? Init
Densitet Skal foreligge ISO 2811 - 1976 10 Ja/ Nej

Tarstofindhold Skal foreligge ISO 1515- 1973 10 Ja I Nej

Sammenseetning af | Skal foreligge Infrared spektroskopi 10

plastdispersion Ja/Nej

Bemaerkninger: Firmastempel, dato og underskrift

Forkortelser: V.=Vejledning i overfladebehandling af betonoverflader. B=Bilag. s.=side



