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Structural Concrete Repairs 

NG 5501 Concrete Repairs - Introduction 

1. This Series is intended for repairs or modifications to existing concrete road structures carried out as 
part of maintenance or strengthening activities and generally using proprietary repair products. It also 
includes designed concrete/mortar mixes for sprayed concrete. 

2. Where concrete repairs are to be carried out using a designed concrete rather than a proprietary product, 
the concrete should generally be specified in accordance with Series 1700 of the Specification. An 
exception is for concrete/mortar applied by spraying. See Clause 5516. 

3. When the types of concrete repair product described in this Series e.g. flowable concrete, sprayed 
concrete, are required for complete reconstruction of concrete cross section e.g. parapet stringcourses, 
Series 1700 should be used. 

4. When similar products and methods are required for new concrete construction e.g. sprayed concrete 
facing to cast in-situ concrete piles, additional Clauses to the Specification should be prepared for 
approval. 

5. The approach adopted has been to specify requirements that apply generally to all forms of proprietary 
concrete repair products and also to include separate Clauses covering additional requirements for 
specific methods and applications such as, flowable concrete or mortar, repair concrete or mortar and 
sprayed concrete or mortar. 

6. Repairs to concrete carriageways are currently outside the scope of this Series of the Specification. 

7. Where the Designer requires a different design mix not covered by this Series or the 1700 Series, 
additional Clauses to the Specification should be prepared for approval. 

8. IS EN 1504 sets out the overall requirements for protection and repair of concrete structures. The 
requirements are set at a generic level and apply to a wide range of structural and non-structural 
applications including road structures.  These general provisions have been supplemented in this Series 
by best practice and experience gained on NRA schemes. 

NG 5502 Concrete Repairs – General Requirements 

1. Appendix 55/1 also provides the Designer with the means to specify requirements which vary from the 
general provisions of IS EN 1504-3 or the particular requirements of the Specification. 

2. The Specification provides for the Contractor to seek written approval to start repair works which gives 
the supervision team the opportunity to ensure that all product approvals and tests are in place, that the 
extent of the repairs has been confirmed, satisfactory method statements and programmes have been 
prepared by the Contractor and that any temporary support required by the Contract is in place. 

3. The Contractor is required to provide a Quality Plan for the planned construction works.  

This document will define the proposed management strategy and name key individual who are 
assigned responsibility for executing the work safely to current standards and codes of good practice, 
and to an agreed programme. The proposed repair products will also be named. 

4. The Quality plan should generally be submitted for approval a minimum of 30 days before the date 
when the Contractor intends to commence removal of existing concrete. 
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NG 5503 Concrete Repairs - Concrete Removal 

General Requirements 

1. Before a concrete repair Contract is tendered, extensive investigation of the structure is commonly 
undertaken.  This would have provided data for the Designer to prepare drawings showing the extent 
and sequence of the repair works and to identify the need for any temporary support. Alternatively, the 
Contractor may be required to carry out a comprehensive pre-works concrete survey and provide the 
Employer’s Representative with results in the form of a report. 

2. If there is likely to be a significant delay between the most recent structure inspection and investigation 
of the structure and the implementation of the repair works and it may be prudent to carry out a concrete 
sounding and reinforcement cover survey immediately before works start to confirm the extent of the 
repairs. 

3. Previously this pre-breakout survey has been undertaken by the Employer’s Representative.  For 
contracts where Works are designed by the Employer the Employer’s Representative should continue 
to undertake the survey if required.  However, under some modern forms of Contract the survey may 
be assigned to the Contractor and the results provided to the Employer’s Representative for 
consideration and assessment of the extent of repair required. 

4. The testing required should be specified in Appendix 55/6 and will typically include electrical potential 
mapping, chloride sampling, carbonation tests and concrete resistivity testing.  The locations for testing 
should be shown on the drawings although the clause allows the option of the locations being agreed 
with the Employer’s Representative.  Generally the testing locations will be outside the repair area as 
they are intended to identify whether it is necessary to extend the repair areas.  In some cases it may be 
appropriate to take chloride samples within the repair area if there is concern that chlorides may have 
migrated further into the concrete since the most recent investigation was undertaken. 

5. The pre-breakout survey undertaken before the repair works commence should identify where repair 
areas should be extended to ensure that all loose concrete is replaced. 

6. The provisions of IS EN 1504-10 are generic and typically apply to a range of structures and include 
both structural and non-structural repairs.  Particular provisions for the implementation of repairs to 
concrete road structures are supplemented by this Clause 5503. 

7. The drawings should show the full extent of concrete to be removed, and any requirements for 
sequencing or temporary support. 

8. When removing concrete from a soffit, the finished substrate should be as smooth and regular as 
possible. An uneven substrate with crevices will trap air when repair material is placed. Soffit surfaces 
should be slightly inclined upwards towards an open surface. 

9. The preparation of repair areas typically involves high pressure water jetting and grit blasting, both of 
which have the potential to damage other elements of the structure.  The Contractor must design and 
install appropriate protection for any elements which might be damaged by these operations. 

10. Removal of concrete using mechanical breaking can cause micro cracking and create a weak layer or 
potential failure plane immediately below the broken-out surface. This is also known as concrete 
bruising. When the breakout has been completed in accordance with the Specification, the substrate 
should be sounded with a hammer to detect any latent concrete delamination, and it should be removed 
before proceeding to placement of the repair material. 



Volume 2  Series NG 5500 
Notes for Guidance on the Specification for Road Works Concrete Repairs 
   

January 2016  4 

11. The nature of concrete removal is aggressive and it is essential that the work is undertaken carefully to 
avoid damage to areas of concrete outside the repair area and reinforcement within the repair area. 

12. Existing concrete should be removed to the extent shown on the Drawings, and generally at least 25mm 
behind the rear face of existing reinforcement, to ensure the repair concrete has an adequate key onto 
the substrate.  

13. The depth of removal behind the reinforcement may be reduced to an absolute minimum of 15mm 
where existing reinforcement is particularly congested, but should not be less than 2 ½ times the 
nominal maximum aggregate size, to ensure that the space behind the reinforcement is filled. 

14. The profile of the prepared concrete substrate at specified limit of breakout should be checked carefully 
to make sure that enough concrete has been removed to achieve the minimum clearance behind 
reinforcement. 

15. If unsound concrete is revealed at the specified limits of breakout, further removal may be instructed 
by the Employer’s Representative. 

16. During the course of the breakout, corroding reinforcement may be discovered to extend beyond the 
edge of the repair.  In such cases it is prudent to extend the repair to encompass all the corroding 
reinforcement and this is usually taken as extending the breakout area 100mm past the limit of 
corrosion.  While in some cases it may be possible to extend the size of the current repair, this will not 
always be the case and the advice of the Designer should be sought to confirm the structural 
implications of further breakout.  Where necessary a further stage in the repair sequence should be 
added. 

17. A definition of what constitutes corroded reinforcement should be included in Appendix 55/2. 

High pressure water jetting 

18. Water jetting is a potentially dangerous activity and there is also the risk of significant overbreak if the 
operations are not carefully controlled.  It is therefore essential that these operations are undertaken by 
operatives with appropriate qualifications, training and experience.  Sub-contractors should be 
members of the Water Jetting Association or a similar trade organisation and should employ the safety 
measures and best practice endorsed by the Association. 

19. Trials were undertaken by the UK in 1989 (‘A review of the specification for flowable concrete and 
alternative methods of repair’ by the Department of Transport UK. Midland Links Motorway Viaducts) 
investigating different techniques of concrete removal. High pressure water jetting was shown as the 
best technique for removal of concrete at a reasonable rate leaving a competent substrate which would 
provide a good bond to the repair concrete without the use of bonding agents. Hydro-demolition is 
therefore the preferred method of concrete removal, however the hazards and risks associated with 
concrete removal generally should be assessed and recorded before the method is chosen. 

20. The edge of the repair area should be prepared, using a saw cut, to minimise the risk of overbreak, and 
to prevent feathering. Perimeter of repair areas are prepared but concrete removal is confined to the 
concrete cover.  Final trimming of the repair may be carried out using lightweight pneumatic tools and 
the prepared edge is finally lightly grit blasted to promote good bond at the edge of the repair. This also 
has the benefit of providing a straight edge to the repair which gives a better visual appearance when 
all repairs have been completed. 

21. The water used in jetting operations should not contaminate the repair surface and therefore only fresh 
potable water should be used.  Water and debris arising from the concrete removal operations will be 
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contaminated and should be treated with the approval of the relevant authority before being discharged 
into any drainage system. 

Mechanical breakout 

22. Hazards and risks associated with use of mechanical breakers for concrete removal should be assessed 
and mitigated in accordance with current health and safety legislation. It is also essential that this 
activity is undertaken by operatives with appropriate qualifications, training and experience. 

Concrete breakout trial 

23. Where the concrete to be removed is difficult to access, surrounds sensitive structural items or is known 
to be particularly strong, a breakout trial may be specified. The trial should be carried out on a small 
non-critical part of the existing structure. Sometimes a mock-up of the existing structure may exist in 
a different place from the structure being treated. Information and requirements for the breakout trial 
should be included in Appendix 55/3. 

Breakout inspection 

24. The break-out inspection provides an opportunity for a works supervisor to confirm that the removal 
of concrete in identified repair areas is proceeding satisfactorily, and also provides feedback to the 
operatives that workmanship is acceptable. It is important that this process is carried out thoroughly as 
it has a significant influence on the durability of a completed concrete repair. 

NG 5504 Concrete Repair - Substrate preparation 

1. Some advice about surface profiles achievable by various methods of preparation is available in the 
publication “Selecting and Specifying Concrete Surface Preparation for Sealers, Coatings and Polymer 
Overlays” ICRI 301.2R:2013 published by the International Concrete Repair Institute. 

2. The substrate should be free of dust, debris, oil and any other form of laitance. Typically this is achieved 
by vacuum cleaning. However, pressurised water jetting and shot blasting may also be used. 

3. Many cement-based products developed for the repair of concrete structures have been formulated to 
achieve good bond to a properly prepared substrate without the use of a bonding agent. A dry substrate 
will draw water out of a repair concrete leaving cement particles closest to the interface incompletely 
hydrated and hence reducing the interface adhesion strength. It is therefore essential to pre-soak the 
substrate to ensure there is an adequate supply of free water present for cement hydration. The repair 
material needs to be placed before the concrete substrate dries out. 

4. The substrate should be thoroughly wetted with water prior to the application of the repair material as 
to obtain a saturated surface dry condition. Surplus water should be removed prior to the application of 
the repair material. 

5. The prepared substrate should be pre-soaked for at least 4 hours prior to placing the repair material, 
however if the defective concrete has been removed using hydro-demolition, and no more than 2 hours 
has elapsed since completion of the water jetting, the concrete substrate pre-wetting period may be 
reduced to 2 hours. 
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NG 5505 Concrete Repairs - Reinforcement 

Treatment of Reinforcement 

1. Generally the combination of hydro-demolition of the concrete surrounding the reinforcement followed 
by grit blast cleaning of the steel reinforcement itself is sufficient to remove contaminants and minimise 
the risk of future corrosion.  The micro profile imparted to the steel will also promote good bond with 
the repair concrete.   

2. Coating of reinforcement is not normally necessary on road structures, however if the Designer has 
identified that a particular application requires the use of a reinforcement coating then the coating 
should comply with the requirements of IS EN 1504-7. If the concrete-encasement of structural steel 
beams is to be renewed, the Designer should consider whether to specify a bonding primer on the 
steelwork to improve the bond with the repair concrete, however any profile imparted to the steelwork 
during preparation should not be reduced to below a minimum of 50 μm. 

3. IS EN 1504-7 covers different types of reinforcement coatings and where the Designer specifies a 
coating, the required performance characteristics should be set out in Appendix 55/2. 

4. Where repairs are being made to structures which are badly contaminated with chloride, there is the 
risk that, in addition to general corrosion, pitting corrosion will be found with potentially significant 
loss of section.  To minimise delay to the Works, the Specification requires that the Contractor holds a 
stock of reinforcement on site which can be bent and fixed to supplement corroded bars.  The type and 
size of bars required may vary between structures and the quantity of reinforcement which may be 
required will be in part influenced by the size of the Contract.  Therefore details of the stock of 
reinforcement required should be specified in Appendix 55/2. 

5. When the Designer has calculated that the density of existing reinforcement is not adequate to prevent 
early thermal cracking using current design codes, additional reinforcement should be provided within 
the repair areas. (Reference IS EN 1992-2 and CIRIA C660) 

Welding of Reinforcement 

6. Wherever possible, replacement reinforcement should be lapped.  Reinforcement couplers in 
accordance with Clause 1716 may be considered but adequate concrete cover must be provided.  

7. Reinforcement coupler fatigue capacity must be appropriate for the applied stress range and number of 
expected occurrences (cycles) of that stress range during the remaining life of the structure. For fatigue 
sensitive locations, couplers tested and certified to a minimum of fatigue Class D should be specified. 
Details of couplers certified to Class D or better are currently published on the CARES or British Board 
of Agreement websites. 

8. If the Designer considers that welding of replacement bars may be required then the requirements 
should be set out in Appendix 55/2. The Designer should check that the cyclic stress range in the welded 
reinforcement is within acceptable limits for the number of critical stress cycles predicted to occur 
during the remaining life of the repaired structure. 

9. Butt welding of reinforcement is the preferred method, but if this cannot be achieved, fillet welding 
may be acceptable provided welded bars are proposed in non-fatigue prone areas of the structures. Any 
proposals for fillet welding in fatigue prone locations (reference IS EN 1992-1-1) should be subject to 
a Departure from Standards submission. 
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NG 5506 Concrete Repairs - Galvanic Anodes (for control of incipient 
anode effect) 

General  

1. Galvanic anodes can have some benefit in the reduction in the rate of corrosion of reinforcement around 
concrete repairs (the incipient anode effect). It should be specifically noted that anodes installed for 
this purpose are not cathodic protection systems as defined by IS EN ISO 12696, and that protection to 
other contaminated areas of concrete away from the repairs will not be provided. 

2. The need for galvanic anodes should be carefully considered and justified to the NRA before specifying 
them. The use of impressed current cathodic protection in conjunction with concrete repairs or concrete 
repairs without any cathodic protection should also be considered. 

3. Elements of the structure may be electrochemically protected from the effects of reinforcement 
corrosion by the installation of galvanic anodes within repairs and within the parent concrete, in the 
locations, and to the extent, shown on the drawings listed in Appendix 0/4 and as defined within this 
Clause. 

4. The suitability of galvanic anodes to provide adequate protection and the design (the type, rating and 
spacing of galvanic anodes) of them should be undertaken by a specialist qualified to Level III as 
defined in IS EN 15257 ‘Cathodic protection. Competence levels and certification of cathodic 
protection personnel’ in the sector ‘reinforced concrete’ 

5. The suitability of galvanic anodes to provide electrochemical protection depends on the nature of 
contamination (chloride ingress or carbonation), the extent of contamination (if high chloride content, 
galvanic anodes may not provide adequate current to provide the necessary current density), moisture 
(some products are not suitable for saturated conditions) and the density of reinforcement to be 
protected. 

Quality 

6. The quality of galvanic anodes is partially covered by IS EN ISO 12696. 

Design 

7. Design of the galvanic anodes may be carried out by the Employer’s Representative, and the Contractor 
carries out installation. Alternatively the Contractor may be required to design and install. In the latter 
situation, qualifications and experience of the Contractor’s design consultant should be in accordance 
with IS EN 15257. The Employer’s Representative should supply appropriate information to the 
Contractor to support the design e.g. reinforcement density, free chloride content of the adjacent 
existing concrete etc. Contractor design requirements should be included in Appendix 55/7. 

8. The spacing between adjacent anodes shall be specified according to the steel reinforcement surface 
area density (steel surface area within a 1 m2 concrete areas), the current output capability of the 
individual anode and the environmental conditions, including the level of chloride in the neighbouring 
parent concrete. 

Materials 

9. Various proprietary products are available, they are not all tied onto the reinforcement, and some are 
installed in drill holes around the repair perimeter. Limiting galvanic anodes to those that tie onto the 
reinforcement restricts the use of other commercially available products. 
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Installation of galvanic anodes 

10. Elements of the structure may be electrochemically protected from the effects of reinforcement 
corrosion by the installation of galvanic anodes within repairs in the locations, or galvanic anodes 
installed into the parent concrete within drilled holes. The extent of those to be shown on the drawings 
and as defined in Appendix 55/7. 

11. Sufficient galvanic anodes should be installed around the perimeter of adjacent patch repairs to control 
incipient anode corrosion to prevent cracking and spalling of the immediately adjacent concrete. 

12. Galvanic anodes drilled into the parent concrete are not affected by concrete resistivity of patch repairs 
or the use of epoxy primers. 

13. Installation of galvanic anodes should be carried out by a cathodic protection technician qualified to 
Level II in accordance with IS EN 15257. 

14. Testing of galvanic anodes may be carried out by a cathodic protection technician qualified to Level I 
in accordance with IS EN 15257. 

NG 5507 Concrete Repairs - Falsework and Formwork 

1. Clause 1710 sets out the general requirements for formwork.  For concrete repairs the further provisions 
of Clause 5507 allow the Designer to include requirements for clear panels so that the repair concrete 
can be observed flowing into particular areas, usually at the extremes of the repair or in areas of 
congested reinforcement.  The Contractor’s attention is also drawn to the need to design the formwork 
so that compaction of flowable materials can be achieved by tapping the formwork and that a good seal 
is obtained to the adjacent, potentially irregular, concrete surface profile to prevent grout loss. 

2. The drawings should show where provision needs to be made to prevent air being trapped during the 
course of the repair. 

3. The Specification similarly includes a mandatory provision for the Contractor to provide access and 
time in his programme for the Employer’s Representative to inspect the repair immediately after any 
formwork has been struck.  This provision allows the supervision team to make an early assessment of 
soundness and effectiveness of the repair. 

NG 5508 Repair Product – General 

1. IS EN 1504-3 has four classes of repair product, however all concrete repairs shall use: 

• Class R4 - A structural grade with minimum compressive strength of C45/55. 

2. The majority of repairs should be considered as structural. Non-structural repair products should only 
be specified for shallow repairs where no form of electrochemical treatment is proposed. 

3. For some applications, even the highest class, R4, may not guarantee an adequate compressive strength 
and a modified requirement will need to be included in Appendix 55/1.  

4. The Designer should specify on the drawings the class of repair product required.  Reference to IS EN 
1504-3, the Specification and where completed, Appendix 55/1 should be included. 

5. The Designer should include in Appendix 55/1 any additional or modified requirements for the repair 
product from those specified in Table 3 of EN 1504-3 and the Specification.   
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These should include changes to the performance characteristics or limitations on constituents.  In some 
instances it may be appropriate to remove a particular requirement or set a low threshold where that 
performance characteristic is not relevant to the application and to avoid over-specifying the material 
and associated testing requirements.  

Repair products should generally be cement-based or cementitious-based. Resin-based products 
provide much less protection to reinforcement than cementitious products, so should only be specified 
where reinforcement is not exposed, repairs are small in extent e.g. less than 0.25 m2 in area and 
superficial, i.e. less than 15mm deep. 

NG 5509 Repair Product – Constituent Materials 

Cement-Based Products- General  

1. This Clause will apply to the majority of repair products required for road structures.  For other 
situations where particular materials need be included in or prohibited from the repair concrete, or 
where a different limit on a component of the concrete is required, the relevant requirement should be 
included in Appendix 55/1. 

2. Generally, concrete repair products used on road projects have contained additives to limit shrinkage. 
An expansive agent is included in the mix to offset the effects of drying shrinkage in the repair product 
and reduce the risk of cracking of the repair, which would tend to reduce its durability.  [IS EN 1504 
does not include specific requirements for shrinkage-compensated formulation, and relies on the 
achievement of a specified level of adhesive bond to the substrate to control the effects of shrinkage.] 

3. Adhesive bond onto the parent concrete provides restraint to shrinkage movement at the substrate. In a 
reinforced concrete member, reinforcement is provided to control surface cracking. The existing 
reinforcement may have been provided to control thermal cracking in the original concrete, however 
use of a high early strength proprietary repair concrete may exacerbate the shrinkage stresses. IS EN 
1504 does not specify similar or better controls of shrinkage than the use of shrinkage compensated 
materials and therefore the requirement for repair concrete to be shrinkage compensated has been 
included. 

4. In addition to the specific values for properties and constituents, this Clause defines the way in which 
the repair product is expected to perform to achieve a durable repair. 

Cement 

5. CEM III/B may be used in special applications such as sulfate resistance of buried concrete, to help 
minimise the risk of thermal cracking and where high resistance to chloride ingress is required. 
However, it should not be used in the surfaces of exposed concrete where there is a risk of surface 
scaling under conditions of freezing and thawing. 

6. Sulfate-resisting Portland cement was previously specified to BS 4027 as SRPC; the Standard has been 
withdrawn and allowed sulfate-resisting Portland cements are now CEM I-SR 0 (with C3A content of 
the clinker = 0 %) and CEM I-SR 3 (with C3A content of the clinker ≤ 3%), specified to IS EN 197-1. 

7. The use of blended cements containing fly ash or ground granulated blastfurnace slag may increase 
concrete durability and resistance to both chloride ingress and sulfate attack. However, care should be 
taken due to possible delayed strength development and particular attention should be paid to curing in 
accordance with Clause 1710.5 

8. Cement combinations have not been included as there may not be enough quality control when blending 
on site using a mixer. 
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9. Experience has shown that repair material requires a high degree of workability and a relatively high 
minimum cement content to achieve a sufficiently low water/cement ratio, which is important in 
producing a dense concrete with low porosity.  

Water  

10. Concrete repairs are often carried out in response to deterioration of a structure resulting from 
contamination by de-icing salts.  

Wherever possible in specifying the repair products, measures should be taken to minimise the risk of 
contaminants being introduced.  Using only potable water conforming to IS EN 1008 is one such 
measure. 

Aggregates 

11. Recycled aggregates used within a concrete repair mix significantly reduce the workability of the 
concrete as it is difficult to maintain a consistent and uniform saturated surface condition. It is also 
more difficult to track the source of aggregate which could be made of old concrete contaminated with 
ASR for instance. Concrete is more workable when smooth and rounded aggregate is used. Hence only 
natural aggregates are permissible for use in repair products. 

Control of Alkali-Silica Reaction 

12. There may be a potential for alkali silica reaction between the existing concrete substrate and the repair 
product.  The Contractor should exercise close control of any mix components suspected of triggering 
alkali silica reaction to minimise the potential for a reaction in combination with the substrate. 

Silica Fume 

13. During the initial development of repair concretes, the use of silica fume was found to promote 
flowability in some formulations. 

14. Repair products containing silica fume can exhibit higher resistivity. This can be advantageous if patch 
repairs or concrete replacement are undertaken either with traditional concrete repair techniques or 
combined with surface treatments, however a higher resistivity may limit their suitability for use with 
cathodic protection systems. Too high a percentage of silica fume increases the risk of brittleness, and 
a limit of 10% has been specified. 

15. If the Engineer wishes to prohibit or further restrict the percentage of silica fume in the concrete repair 
mix, requirements should be specified in Appendix 55/1. 

Fibres 

16. Steel and plastic polymer fibres should not be specified in the mix. Steel fibres in particular may 
interrupt any passage of current associated with both impressed current and galvanic anodes. A mix 
with fibres added will be more difficult to compact successfully particularly around dense 
reinforcement. 

Resin-Based Products 

17. Resin-based products should only be specified and used for small shallow repairs, and hence the filler 
will normally be a fine aggregate.  
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Resin binders should be capable of maintaining adhesion to the parent concrete when subjected to 
flexural stresses at the interface, and when in contact with wet concrete. 

NG 5510 Repair Product - Approval  

1. The Employer’s Representative should have the opportunity to confirm that the products being 
proposed by the Contractor satisfy the requirements of the Contract before works start.  Generally the 
data to be provided by the manufacturer should be readily available as part of its quality assurance 
system. 

2. The specified modulus of elasticity of the repair material should be within a range of approximately 
the same modulus, up to +10 GPa, of that estimated or measured for the existing concrete. 

3. Compressive strength of the specified repair material must be greater than that estimated or measured 
for the existing concrete. 

4. Performance characteristics of the Contractor’s proposed material shall be checked against Table 3 of 
IS EN 1504-3 for the specified class of structural repair product. 

5. If the Contractor proposes to modify a proprietary repair product, a departure from standard should be 
submitted for approval. The details provided for each departure submission shall be appropriate to the 
mix proposed for that application, including the quantity of water to be added. 

6. Some products formulated to be flowable materials are tolerant of being used with differing 
water/cement ratios and can also be used for locations where they are not placed into shutters.  In such 
cases it is important that there is evidence that the repair material satisfies the requirements of the 
Specification at each water/cement ratio proposed and that the quantity of water to be added is clearly 
defined. 

NG 5511 Repair Product - Supply and Storage of Material  

Packaging 

1. The use of proprietary pre-mixed products limits the risk of errors in proportioning and mixing of 
components on site.  However, it is important that the products delivered to site remain dry and in good 
condition, and that there is no tendency for some of the product to remain in the container when it is 
emptied into the mixer. 

Delivery data 

2. The repair material must be easily identifiable from labelling on the container to enable it to be traced 
within the manufacturer’s quality assurance system. CE marking and Declaration of Performance will 
provide this assurance. 

3. Labelling on the container should include the quantity of water to be added which means that the key 
item of information for mixing is immediately available each time a container is opened.  

4. In addition to the information on the container, further information must be supplied with each 
consignment to confirm the formulation of the material and to aid traceability within the manufacturer’s 
quality assurance system. 
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Storage 

5. As repair products are susceptible to deterioration, particularly when they are exposed to moisture, it 
is essential that they are stored properly in accordance with the manufacturer’s recommendations. 

NG 5512 Repair Product - Testing 

Quality Control Tests 

Tests for Suitability of Products – General 

1. Repair product formulations have developed and improved with time. Occasionally, completely new 
formulations become available, in some cases to meet the requirements of particular schemes. Quality 
control tests are required before work starts to confirm properties of the proposed repair product comply 
with the Contract Specification, and are compatible with the existing concrete. 

2. The tests described in the Specification cover the property and performance characteristics necessary 
to confirm that the product will be compatible with the existing structure, can be placed easily and will 
be durable.  The tests specified are: 

• Compressive strength; 
• Elastic modulus; 
• Flowability; 
• Cementitious material content; 
• Equivalent sodium oxide content; 
• Restrained shrinkage; 
• Electrical resistivity. 

3. Generally, the tests specified shall be carried out in accordance with the test methods specified in IS 
EN 1504-3 and any further requirements contained in this Specification. 

4. The Clause also provides for additional tests to be specified in Appendix 1/5.  Previously, some projects 
have specified full scale mock-up tests to demonstrate the performance of the product under site 
conditions.  These may still be appropriate when products are proposed for which there is little or no 
evidence of the past performance of the material. 

5. With the introduction of IS EN 1504 it is possible that, particularly where the supervisory team are 
familiar with the material proposed and the manufacturer operates a quality assurance and quality 
control regime which complies with Part 8 of the Standard, evidence from the manufacturer’s testing 
programme may be accepted in place of the carrying out of particular suitability tests. 

6. Other additional tests should only be required where a particular need has been identified to confirm a 
particular property or performance characteristic for a specific application.  IS EN 1504-3 provides 
further information of the range of tests that may be used as identification tests, performance tests or 
factory production control tests. 

7. When cementitious material content of the proposed product has been confirmed by the manufacturer, 
or independent suitability test, the Designer should check that the existing reinforcement is adequate to 
resist calculated plastic shrinkage (early thermal cracking) in accordance with current design codes. 
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Batch Acceptance Tests 

8. Batch acceptance tests have typically been used to check that the manufacturer is producing a consistent 
product.  The properties of compressive strength and flowability have generally been measured as these 
demonstrate key characteristics immediately after mixing and in the hardened state.  

9. IS EN 1504-8, requires the manufacturer to operate a quality assurance and quality control regime. 
Evidence from the manufacturer’s testing programme may be accepted in place of the carrying out of 
batch acceptance tests. 

10. Works tests are required to monitor the repair activities and to confirm that the repairs have been 
implemented effectively.  They fall into three categories, tests on the material to confirm its properties, 
inspection of the area to be repaired after it has been prepared in accordance with the Specification and 
tests on the finished repair. 

11. The Clause also provides for additional tests to be specified in Appendix 1/5.  These should only be 
required where a particular need has been identified to confirm a particular property or performance 
characteristic for a specific application.  Consideration should be given as to whether the factory 
production control testing regime is likely to provide the necessary data. 

Contract Compliance Tests 

12. Tests on the material are for flowability and compressive strength.  Flowability is a straightforward 
method of confirming that mix conforms to the manufacturer’s requirements in terms of the amount of 
water to be added and that mixing has been carried out effectively.  Compressive strength gives a good 
indication of the overall properties in the hardened condition and confirms that the repair is adequate 
to carry load. 

13. An air content test has been added to the contact compliance tests as additional control on the site 
mixing procedure. Too high an air content may reduce concrete strength.   

14. The Specification similarly includes a mandatory provision for the Contractor to provide access and 
time in his programme for the Employer’s Representative to inspect the repair immediately after any 
formwork has been struck.  This provision allows the supervision team to make an early assessment of 
soundness and effectiveness of the repair. 

15. Confirmation that the repair material has properly filled the repair area is gained by drilling cores in 
the repair area.  Inspection of the core and core hole will confirm whether the repair material has 
achieved intimate contact with the substrate and give an indication of the degree of bond obtained.  The 
supervision team will use the results of these cores to assess whether the repair is satisfactory and 
whether the repair works can proceed to the next stage, including where relevant, the removal of any 
temporary support. 

16. The Designer must show the proposed general location for the cores which shall be confirmed by the 
Employer’s Representative on site, usually with the aid of a cover meter or by reference to records of 
the location of the reinforcement obtained during the pre-concreting inspection. 

17. Samples are taken by coring to required depth and cross cutting before removal. Adhesive bond should 
be adequately developed before attempting this. 

18. Core holes are to be repaired with repair mortar complying with Clause 5515 and therefore there will 
usually be a requirement for repair mortar on any repair contract. 
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19. The Clause also provides for additional tests to be specified in Appendix 1/5.  These should only be 
required where a particular need has been identified to confirm a particular property or performance 
characteristic for a specific application.  IS EN 1504-10 describes a range of observations and tests 
which may be considered. 

NG 5513 Repair Product - Site mixing, placing and curing 

General 

1. General advice may be found in IS EN 1504-10, Section 8 and IS EN 13670, Annex F. Placing and 
compaction of flowable products as defined in this Specification is similar to section IS EN 13670, 
F.8.4.3 modified by particular constraints given in this Series 5500 Specification. 

Mixing 

2. The requirements for site mixing of proprietary materials are designed to minimise the risk of errors 
and ensure a consistent product.  Therefore there is no weighing of repair materials and the only 
measuring that needs to be done is of the quantity of water, which should be stated on the container in 
accordance with Clause 5511. 

3. Mixing must be carried out mechanically to ensure that the material is mixed thoroughly and agitation 
is maintained until the concrete is placed to promote workability. 

Placing of Concrete 

4. The provisions for the formation of construction joints and protection of concrete after placing are 
broadly similar to those in Series 1700. 

5. Fresh cementitious material can be damaged by frost or low temperatures and at high temperatures 
there is an increased risk of cracking and loss of workability. The structure has already suffered from 
durability problems and therefore stringent temperature requirements are placed on concrete repairs to 
minimise the rise of early damage from climatic conditions. The rate of polymerisation reaction of resin 
binder in type PC, defined in in IS EN 1504-1, materials will generally be slower at lower temperatures. 

6. The placing and compaction of repair concrete is generally carried out in relatively small volumes.  The 
concrete repair materials tend to segregate if over agitated.  Placement and compaction methods need 
to have particular regard to these properties. Flowable concretes are designed to be placed by pumping 
or gravity feed and the Drawings should show the locations of the supply points to suit the shape of the 
repair void and the intended outlet.  Shutters or outlet tubes must be designed so that the concrete top 
level can be raised above the highest point of the repair void. 

Curing of completed repair 

7. Adequate curing of the completed repair is particularly important as cementitious products often have 
a high cement content, and a low water-cement ratio. Without proper curing of the repair, there is an 
increased risk of early thermal cracking in the immature concrete, especially when ambient 
temperatures are high. 

NG 5514 Flowable Concrete or Mortar 

1. Flowable concrete is much better than ordinary structural concrete at filling irregular shaped repair 
voids. High flow concrete is particularly suitable for a repair void which contains a dense arrangement 
of reinforcement.  
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Normal flow concrete could be used where reinforcement is spaced further apart, and has been specified 
for reinstatement of the upper surface of a steeply sloping deck, where there is a risk that high flow 
concrete might not be able to hold itself at the required gradient. 

2. The provisions of Clauses 5501, 5502 and 5508 to 5512 apply to flowable concrete and the only 
additional requirements are that the minimum flowability is defined and that no mechanical compaction 
of the mix will occur when making cubes for determining compressive strength to reflect the self-
compacting nature of the placement method. 

NG 5515 Repair Concrete or Mortar 

1. The provisions of Clauses 5501, 5502 and 5508 to 5513 apply for proprietary repair mortar except that, 
the maximum aggregate size is 2mm. 

Repair Mortar – Treatment of Areas with Low Cover to Reinforcement 

2. In addition to being used for the repair of small areas or filling core holes, repair mortars are used for 
increasing the thickness of concrete cover to reinforcement where this is substandard. The edge of the 
repair should be delineated and the Designer must show on the drawings a detail for trimming back.  
The whole area of the repair must be pre-wetted in accordance with Clause 5504 before repair mortar 
is applied. 

NG 5516 Sprayed Concrete or Mortar 

Products 

1. Sprayed concrete or mortar may either be a proprietary product complying with this series of the 
Specification or a designed mix complying with Series 1700.  In each case the concrete must also 
comply with the requirements of this Clause. 

2. Sprayed concrete or mortar shall not include expansive agents or sulfate resisting cement.  In lieu of 
the shrinkage compensation provided by expansive agents sprayed concretes are specified with a 
minimum tensile strength. 

3. Sulfate-resisting Portland cement provides less protection than other cements to chloride-induced 
corrosion of reinforcement. It should only be used to repair reinforced concrete which was originally 
made with sulphate resisting concrete, or to repair reinforced concrete which is not exposed to 
chlorides. 

4. The restriction on the use of sulphate-resisting cement is not a significant limitation on the performance 
of the product as this is normally only used for buried elements which may be exposed to sulfate attack 
from ground water.  It should be assumed that reinforced concrete up to 750mm below ground level 
may be vulnerable to attack by chlorides. Most sprayed concrete repairs will be above ground, but 
where repair is required below ground, other precautions to protect the concrete should be made. 

5. The Contract Specification should try to match the elastic modulus of the sprayed material to the 
existing concrete to limit shear stresses at the interface. 

Performance Requirements 

6. The approach to achieving compatibility between a sprayed concrete repair and the substrate differed 
from that used for other application techniques.  
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In particular a minimum tensile strength and maximum un-restrained shrinkage are specified to reduce 
the risk of cracking and limits are placed on the elastic modulus and coefficient of thermal expansion 
to minimise differential effects under load and temperature variation. 

7. As the application method requires a material with a relatively high water/cement ratio, an additional 
requirement in respect of the coefficient of chloride ion diffusion is included. 

Quality Control Tests 

8. The approvals tests specified for repair concrete in Clause 5512 apply to sprayed concrete and are 
appropriate to confirm the performance characteristics of the material.  Additional tests are specified 
to demonstrate that the material is suitable for spray application in the particular conditions of the 
works.  Test panels are used for this purpose.  The test panels are also used to confirm that the operatives 
are adequately skilled in the use of the concrete spray equipment. 

9. Typically the size of the test panel will be as specified in this Clause, although the Designer may specify 
alternative sizes on the Drawings.  The Designer should also show details of any reinforcement required 
in the test panel to simulate the repair conditions. 

10. Each proposed spray gun operator shall produce four test panels at inclinations representative of the 
repair locations.  The Designer should specify the inclinations to be tested on the drawings. 

•  To confirm that the sprayed concrete has adequately filled the test mould and achieved the required 
density, 100mm diameter cores for each test panel should be inspected for voids or laminations and 
be tested for compressive strength. 

11. A representative selection of panels are also tested for the following performance characteristics: 

• Adhesive bond; 

• Tensile splitting strength; 

• Elastic modulus; 

• Shrinkage; 

• Coefficient of thermal expansion; 

• Coefficient of chloride ion diffusion. 

12. Details of any reinforcement required in the moulds to simulate the repair conditions shall be shown 
on the Drawings. 

13. Two test panels shall be produced for each proposed mix at each inclination described in the Contract 
by each spray-gun operator the Contractor proposes for the work. 

Contract Compliance Tests  

14. The quality of the finished repairs should be monitored by taking cores and subjecting them to 
compressive strength tests and adhesive bond tests.  The Designer should specify the frequency of 
testing in Appendix 1/5. 

15. IS EN 1504-10, Table A.2 suggests values for adhesion strength of repair mortar. Target adhesion 
strength for each location should be included in Appendix 55/4. 
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Workmanship 

16. Sprayed concrete is a specialist activity and the Specification requires that it is undertaken only by 
contractors who are members of the Sprayed Concrete Association or a similar construction trade 
regulating body.  

The Specification also requires that the appointed Contractor only employs nozzle operators who are 
suitably qualified and experienced and hold Certificates of Competence in Sprayed Concrete Practice. 

17. The quality of sprayed concrete is easier to control if done by dry spraying. The water-cement ration is 
correct if the material consistently adheres to the substrate. If too dry it will rebound and if too wet it 
will slump off. Consistency can be adjusted quickly by the nozzleman. Concrete pre-mixed with water 
cannot be altered easily if the w/c ratio is too high. Most concrete repairs to road structures are relatively 
small scale compared with construction of tunnel linings where wet spray concrete is frequently used. 
A wet spray mix would be a designed concrete for that application and be covered by Series 1700. 

General Construction Requirements 

18. The general requirements set out aspects of good practice with which the sprayed concrete Contractor 
should be fully familiar. 

Construction Joints 

19. The requirements for construction joints in sprayed concrete are different to those typically employed 
for other repair methods.  The surface of the joint is tapered at 30º to provide a better angle of attack to 
the nozzle. 

Surface Finishes 

20. Surface finish of sprayed concrete should normally be left as-sprayed from the nozzle. This is because 
any finishing of the surface other than very light trowelling can cause plastic cracking. This is 
detrimental to appearance and durability. 

21. Where specified on the drawings, and further described in Appendix 55/4, the sprayed concrete may 
be finished by cut and flash method. The sprayed concrete should be trimmed to true lines and after an 
initial set shall be sprayed again with an overwetted flash coat to produce a textured finish. 

22. The surface material should then be trowelled smooth with a wooden float. The finer the aggregate, the 
easier it is to float off. Alternatively the final layer may be textured with a brush or sponge. 

NG 5517 Repairs to Structures to Receive Impressed Current Cathodic 
Protection 

General 

1. Metallic objects embedded and visible within the surface concrete are likely to interfere with and 
adversely affect the protective current flowing as part of the cathodic protective system. These objects 
should be identified and removed, and the resulting holes reinstated with appropriate cementitious 
repair product. 
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Materials 

2. Resin based repair mortars are not suitable for use in conjunction with electrochemical treatments, 
neither are repair materials containing steel or carbon fibres. IS EN ISO 12696 has a general 
recommendation that repair materials should have a resistivity within the range 50 – 200% of the parent 
concrete. 

Treatment of Areas with Low Cover to Reinforcement. 

3. The minimum cover to concrete reinforcement should be indicated on the drawings. If an overlay 
containing a mesh anode as part of a cathodic protection system is to be applied, the minimum cover 
to reinforcement may be reduced below the value suggested by NRA BD 57, but should not be less 
than 1/3 overlay depth. In such circumstances a departure from standard shall be required. 

Treatment of Reinforcement 

4. Where concrete repairs are being carried out prior to installing a cathodic protection system, continuity 
of the existing reinforcement should be ensured. 

NG 5518 Repairs to Structures using Galvanic Anodes for Control of 
Incipient Anode effect 

Materials 

1. Resin-based repair mortars are not suitable for use in conjunction with galvanic anodes, neither are 
repair materials containing steel or carbon fibres. Although IS EN ISO 12696 has a general 
recommendation that repair materials should have a resistivity within the range 50 – 200% of the parent 
concrete, galvanic anodes generate a limited drive voltage, and resistivity of the repair concrete is more 
important for impressed current systems. 

2. Galvanic anodes generate their own current and drive voltage which is much smaller than an ICCP 
system. The galvanic current has to be able to draw chloride ions from the existing concrete to the 
anode, rather than to the existing reinforcement just outside the repair patch. A high resistivity repair 
material may significantly reduce current flow. Current flow can be improved for a high resistivity 
material by adding a conductive bridging material locally around any anodes attached within the repair 
patch. 

3. Type 2 galvanic anodes drilled into the parent concrete are not affected by concrete resistivity of 
adjacent patch repairs. 

NG 5519 Concrete Injection 

Introduction 

1. IS EN 1504-9 defines two principles for repair of concrete using concrete injection. Principle 1 – 
‘Protection against Ingress’, to stop water leaking through an element, and Principle 4 ‘Structural 
Strengthening’, where the concrete integrity and strength is restored. 

2. This Specification Clause does not cover the following situations: 

a)  Filling of cracks with a material required to harden under dynamic loading; 

b)  Filling of cracks using ductile products for watertightness at higher pressure (700 MPa); 
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c)  Filling of cracks using swelling fitting products in contact with polymeric inserts or subject to 
freezing temperatures etc.; 

d)  Chasing out cracks and filling them with elastomeric sealant; 

e)  Filling of voids outside of the concrete section; 

f)  Injecting other non-concrete constructional materials e.g. Stonework, masonry applications in 
extreme environmental conditions e.g. cryogenic use. 

General Requirements 

3. Reinforced concrete should be expected to crack under forces experienced in service. However, the 
underlying cause of cracking should be ascertained before specifying a solution including crack 
injection. Modern design codes specify a minimum amount of reinforcement to limit cracking to 
acceptable widths. 

4. Cracking in the existing concrete which is wider than designed should be considered for injection. 
However, if cracking is caused by reinforcement corrosion, a full concrete repair may be necessary. It 
should be noted that non-cementitious injection material will not restore passivity to reinforcement 
exposed in a crack. 

5. Classification of the role the injection material is expected to perform should be specified for each 
location in accordance with IS EN 1504-5, Annex A. Classifications should be included in Appendix 
55/5 and be cross referenced on the drawings. 

Products for Crack Injection 

6. Product types are generally capable of force transmitting, remaining ductile or swelling to fill the crack. 

Inspection 

7. Crack widths should be measured to determine if there are any greater than assumed by the original 
design. The structure may predate the publication of crack control codes, and cracking could be 
extensive if the structural reinforcement was insufficient to prevent cracking shortly after construction. 

8. The Employer’s Representative should make a judgement about whether each crack is still moving or 
not, and note whether there is any water or debris lodged within the crack. This information should be 
used to specify the appropriate crack treatment and the correct U and W classification, defined in IS 
EN 1504-5, of the injection product. 

9. If the crack is no longer moving and not likely to as a result of loading on the structure, then the crack 
should be filled. However, if the crack is still mobile or there is some doubt about whether movement 
is likely, it should be structural bonded using a Type F product, defined in IS EN 1504-5. Movement 
joints should be present in accordance with modern design codes. 

Workmanship 

10. IS EN 1504-10, Annex A.8 contains advice about techniques of crack injection. Moisture within a crack 
may be pre-existing or introduced during cleaning. It should be removed prior to filling of cracks. Hot 
air may be used for this although a method using nitrogen gas could also be considered. 
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NG 5520 Surface Protection Systems 

1. Refer to Clause NG1709 for further guidance. 

NG 5521 Structural Bonding 

1. Structural bonding shall be in accordance with IS EN 1504-4. 

NG 5522 Anchoring of Reinforcing Steel 

1. Anchoring of reinforcing bars shall be in accordance with IS EN 1504-6. 
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NG SAMPLE APPENDIX 55/1: REPAIR PRODUCT – ADDITIONAL AND 
MODIFIED REQUIREMENTS 

1. Assumed repair method for each construction activity reference IS EN 1504-9. [5502.1, 5508.3] 

2. Performance characteristics for Class R4. [5508.4] 

3. Other compliance requirements for constituent materials of repair product. [5509.5] 

4. Prohibition on use of microsilica as a constituent material. [5509.15] 

5. Early strength gain requirements of flowable product. [5512.5, 5514.8] 

6. Range of elastic modulus required for repair product if different from IS EN 1504-3, Table 3. [5512.06] 

7. Required “flowability” of flowable material if not minimum of 750mm for high flow and 400mm for 
normal flow. [5514.6] 
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NG SAMPLE APPENDIX 55/2: ADDITIONAL REQUIREMENTS FOR 
REINFORCEMENT 

1. Criteria for determining the treatment of existing reinforcement (typical average section loss greater 
than), which affected bars should be cut out and replaced, or new bars lapped. [5505.2] 

2. Schedule of reinforcing bars to be maintained on site. [5505.2] 

3. Additional performance characteristics of reinforcement coatings (glass transition temperature, shear 
adhesion). [5505.4] 

4. Specific requirements for site welding of reinforcement, where permitted. [5505.5] 
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NG SAMPLE APPENDIX 55/3: REQUIREMENTS FOR EXECUTION OF 
CONCRETE REPAIRS 

1. Concrete breakout procedure trials on the structure or a reinforced concrete mock-up/model of the 
structure. [5503.20] 

2. Details and further requirements for Temporary Works including Technical Approval. [5507.1] 

3. Any requirements for formed surface finishes. [5507.2] 

4. Requirement for clear viewing panels within formwork. [5507.3] 

5. Frequency and distribution of cores to test integrity and adhesion of repair area. [5512.33, 5512.39] 

6. Target adhesion strength of repair mortar material at interface with concrete substrate in accordance 
with IS EN 15054-10, Table A.2. [5512.44] 

7. Flowable concrete placement trials e.g. simulated soffit repair, simulated top repair etc. [5514.9] 

8. Target adhesion strength of repair at interface with concrete substrate in accordance with IS EN 15054-
10, Table A.2. [5514.11] 

9. Repair layer thickness requirements. [5515.5] 

10. Unformed finish on repair patches using hand-applied concrete or mortar. [5515.6] 

11. Target adhesion strength of repair at interface with concrete substrate in accordance with IS EN 15054-
10, Table A.2. [5515.7] 
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NG SAMPLE APPENDIX 55/4:  ADDITIONAL REQUIREMENTS FOR 
SPRAYED CONCRETE 

1. Modification to Clause 5507 requirements for sprayed concrete.  [5516.13] 

2. Target adhesion strength of sprayed concrete repair material internally and at interface in accordance 
with IS EN 1505-10, Table A.2. [5516.35] 

3. Description and specification for alternative sprayed concrete finish.  [5516.55] 
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NG SAMPLE APPENDIX 55/5: ADDITIONAL REQUIREMENTS FOR 
CRACK INJECTION 

1. Classification of injection products for each location in accordance with Annex A of IS EN 1504-5. 
[5519.3] 

2. Additional/replacement requirements of IS EN 1504:5 Tables 6, 7 and 8 for injection products. 
[5519.9, 5519.10] 

3. Acceptable minimum percentage filling of crack exposed in core if different from 80%. [5519.22] 
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NG SAMPLE APPENDIX 55/6:  REQUIREMENTS FOR SURVEY OF 
STRUCTURE 

1. Requirements for concrete investigation by the Contractor and subsequent factual or 
factual/interpretive reporting, including: [5503.2] 

• Electrical potential mapping; 

• Chloride sampling; 

• Carbonation testing; 

• Concrete resistivity; 

• Reinforcement cover survey; 

• Concrete sounding survey. 
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NG SAMPLE APPENDIX 55/7:  ADDITIONAL REQUIREMENTS FOR 
GALVANIC ANODES 

1. Requirements for Contractor design of galvanic anode installation. [5506.12] 

2. Required spacing of galvanic anodes around the perimeter of repair if not to be specified on the 
drawings. [5506.20] 

3. Requirements for monitoring of galvanic anode installation including: [5506.23] 

•  Connections; 

•  Junction boxes; 

•  Control boxes; 

•  Local or remote monitoring. 
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	2. The Specification provides for the Contractor to seek written approval to start repair works which gives the supervision team the opportunity to ensure that all product approvals and tests are in place, that the extent of the repairs has been confi...
	3. The Contractor is required to provide a Quality Plan for the planned construction works.
	This document will define the proposed management strategy and name key individual who are assigned responsibility for executing the work safely to current standards and codes of good practice, and to an agreed programme. The proposed repair products ...
	4. The Quality plan should generally be submitted for approval a minimum of 30 days before the date when the Contractor intends to commence removal of existing concrete.

	NG 5503 Concrete Repairs - Concrete Removal
	General Requirements
	1. Before a concrete repair Contract is tendered, extensive investigation of the structure is commonly undertaken.  This would have provided data for the Designer to prepare drawings showing the extent and sequence of the repair works and to identify ...
	2. If there is likely to be a significant delay between the most recent structure inspection and investigation of the structure and the implementation of the repair works and it may be prudent to carry out a concrete sounding and reinforcement cover s...
	3. Previously this pre-breakout survey has been undertaken by the Employer’s Representative.  For contracts where Works are designed by the Employer the Employer’s Representative should continue to undertake the survey if required.  However, under som...
	4. The testing required should be specified in Appendix 55/6 and will typically include electrical potential mapping, chloride sampling, carbonation tests and concrete resistivity testing.  The locations for testing should be shown on the drawings alt...
	5. The pre-breakout survey undertaken before the repair works commence should identify where repair areas should be extended to ensure that all loose concrete is replaced.
	6. The provisions of IS EN 1504-10 are generic and typically apply to a range of structures and include both structural and non-structural repairs.  Particular provisions for the implementation of repairs to concrete road structures are supplemented b...
	7. The drawings should show the full extent of concrete to be removed, and any requirements for sequencing or temporary support.
	8. When removing concrete from a soffit, the finished substrate should be as smooth and regular as possible. An uneven substrate with crevices will trap air when repair material is placed. Soffit surfaces should be slightly inclined upwards towards an...
	9. The preparation of repair areas typically involves high pressure water jetting and grit blasting, both of which have the potential to damage other elements of the structure.  The Contractor must design and install appropriate protection for any ele...
	10. Removal of concrete using mechanical breaking can cause micro cracking and create a weak layer or potential failure plane immediately below the broken-out surface. This is also known as concrete bruising. When the breakout has been completed in ac...
	11. The nature of concrete removal is aggressive and it is essential that the work is undertaken carefully to avoid damage to areas of concrete outside the repair area and reinforcement within the repair area.
	12. Existing concrete should be removed to the extent shown on the Drawings, and generally at least 25mm behind the rear face of existing reinforcement, to ensure the repair concrete has an adequate key onto the substrate.
	13. The depth of removal behind the reinforcement may be reduced to an absolute minimum of 15mm where existing reinforcement is particularly congested, but should not be less than 2 ½ times the nominal maximum aggregate size, to ensure that the space ...
	14. The profile of the prepared concrete substrate at specified limit of breakout should be checked carefully to make sure that enough concrete has been removed to achieve the minimum clearance behind reinforcement.
	15. If unsound concrete is revealed at the specified limits of breakout, further removal may be instructed by the Employer’s Representative.
	16. During the course of the breakout, corroding reinforcement may be discovered to extend beyond the edge of the repair.  In such cases it is prudent to extend the repair to encompass all the corroding reinforcement and this is usually taken as exten...
	17. A definition of what constitutes corroded reinforcement should be included in Appendix 55/2.

	High pressure water jetting
	18. Water jetting is a potentially dangerous activity and there is also the risk of significant overbreak if the operations are not carefully controlled.  It is therefore essential that these operations are undertaken by operatives with appropriate qu...
	19. Trials were undertaken by the UK in 1989 (‘A review of the specification for flowable concrete and alternative methods of repair’ by the Department of Transport UK. Midland Links Motorway Viaducts) investigating different techniques of concrete re...
	20. The edge of the repair area should be prepared, using a saw cut, to minimise the risk of overbreak, and to prevent feathering. Perimeter of repair areas are prepared but concrete removal is confined to the concrete cover.  Final trimming of the re...
	21. The water used in jetting operations should not contaminate the repair surface and therefore only fresh potable water should be used.  Water and debris arising from the concrete removal operations will be contaminated and should be treated with th...

	Mechanical breakout
	22. Hazards and risks associated with use of mechanical breakers for concrete removal should be assessed and mitigated in accordance with current health and safety legislation. It is also essential that this activity is undertaken by operatives with a...

	Concrete breakout trial
	23. Where the concrete to be removed is difficult to access, surrounds sensitive structural items or is known to be particularly strong, a breakout trial may be specified. The trial should be carried out on a small non-critical part of the existing st...

	Breakout inspection
	24. The break-out inspection provides an opportunity for a works supervisor to confirm that the removal of concrete in identified repair areas is proceeding satisfactorily, and also provides feedback to the operatives that workmanship is acceptable. I...


	NG 5504 Concrete Repair - Substrate preparation
	1. Some advice about surface profiles achievable by various methods of preparation is available in the publication “Selecting and Specifying Concrete Surface Preparation for Sealers, Coatings and Polymer Overlays” ICRI 301.2R:2013 published by the Int...
	2. The substrate should be free of dust, debris, oil and any other form of laitance. Typically this is achieved by vacuum cleaning. However, pressurised water jetting and shot blasting may also be used.
	3. Many cement-based products developed for the repair of concrete structures have been formulated to achieve good bond to a properly prepared substrate without the use of a bonding agent. A dry substrate will draw water out of a repair concrete leavi...
	4. The substrate should be thoroughly wetted with water prior to the application of the repair material as to obtain a saturated surface dry condition. Surplus water should be removed prior to the application of the repair material.
	5. The prepared substrate should be pre-soaked for at least 4 hours prior to placing the repair material, however if the defective concrete has been removed using hydro-demolition, and no more than 2 hours has elapsed since completion of the water jet...

	NG 5505 Concrete Repairs - Reinforcement
	Treatment of Reinforcement
	1. Generally the combination of hydro-demolition of the concrete surrounding the reinforcement followed by grit blast cleaning of the steel reinforcement itself is sufficient to remove contaminants and minimise the risk of future corrosion.  The micro...
	2. Coating of reinforcement is not normally necessary on road structures, however if the Designer has identified that a particular application requires the use of a reinforcement coating then the coating should comply with the requirements of IS EN 15...
	3. IS EN 1504-7 covers different types of reinforcement coatings and where the Designer specifies a coating, the required performance characteristics should be set out in Appendix 55/2.
	4. Where repairs are being made to structures which are badly contaminated with chloride, there is the risk that, in addition to general corrosion, pitting corrosion will be found with potentially significant loss of section.  To minimise delay to the...
	5. When the Designer has calculated that the density of existing reinforcement is not adequate to prevent early thermal cracking using current design codes, additional reinforcement should be provided within the repair areas. (Reference IS EN 1992-2 a...

	Welding of Reinforcement
	6. Wherever possible, replacement reinforcement should be lapped.  Reinforcement couplers in accordance with Clause 1716 may be considered but adequate concrete cover must be provided.
	7. Reinforcement coupler fatigue capacity must be appropriate for the applied stress range and number of expected occurrences (cycles) of that stress range during the remaining life of the structure. For fatigue sensitive locations, couplers tested an...
	8. If the Designer considers that welding of replacement bars may be required then the requirements should be set out in Appendix 55/2. The Designer should check that the cyclic stress range in the welded reinforcement is within acceptable limits for ...
	9. Butt welding of reinforcement is the preferred method, but if this cannot be achieved, fillet welding may be acceptable provided welded bars are proposed in non-fatigue prone areas of the structures. Any proposals for fillet welding in fatigue pron...


	NG 5506 Concrete Repairs - Galvanic Anodes (for control of incipient anode effect)
	General
	1. Galvanic anodes can have some benefit in the reduction in the rate of corrosion of reinforcement around concrete repairs (the incipient anode effect). It should be specifically noted that anodes installed for this purpose are not cathodic protectio...
	2. The need for galvanic anodes should be carefully considered and justified to the NRA before specifying them. The use of impressed current cathodic protection in conjunction with concrete repairs or concrete repairs without any cathodic protection s...
	3. Elements of the structure may be electrochemically protected from the effects of reinforcement corrosion by the installation of galvanic anodes within repairs and within the parent concrete, in the locations, and to the extent, shown on the drawing...
	4. The suitability of galvanic anodes to provide adequate protection and the design (the type, rating and spacing of galvanic anodes) of them should be undertaken by a specialist qualified to Level III as defined in IS EN 15257 ‘Cathodic protection. C...
	5. The suitability of galvanic anodes to provide electrochemical protection depends on the nature of contamination (chloride ingress or carbonation), the extent of contamination (if high chloride content, galvanic anodes may not provide adequate curre...

	Quality
	6. The quality of galvanic anodes is partially covered by IS EN ISO 12696.

	Design
	7. Design of the galvanic anodes may be carried out by the Employer’s Representative, and the Contractor carries out installation. Alternatively the Contractor may be required to design and install. In the latter situation, qualifications and experien...
	8. The spacing between adjacent anodes shall be specified according to the steel reinforcement surface area density (steel surface area within a 1 m2 concrete areas), the current output capability of the individual anode and the environmental conditio...

	Materials
	9. Various proprietary products are available, they are not all tied onto the reinforcement, and some are installed in drill holes around the repair perimeter. Limiting galvanic anodes to those that tie onto the reinforcement restricts the use of othe...

	Installation of galvanic anodes
	10. Elements of the structure may be electrochemically protected from the effects of reinforcement corrosion by the installation of galvanic anodes within repairs in the locations, or galvanic anodes installed into the parent concrete within drilled h...
	11. Sufficient galvanic anodes should be installed around the perimeter of adjacent patch repairs to control incipient anode corrosion to prevent cracking and spalling of the immediately adjacent concrete.
	12. Galvanic anodes drilled into the parent concrete are not affected by concrete resistivity of patch repairs or the use of epoxy primers.
	13. Installation of galvanic anodes should be carried out by a cathodic protection technician qualified to Level II in accordance with IS EN 15257.
	14. Testing of galvanic anodes may be carried out by a cathodic protection technician qualified to Level I in accordance with IS EN 15257.


	NG 5507 Concrete Repairs - Falsework and Formwork
	1. Clause 1710 sets out the general requirements for formwork.  For concrete repairs the further provisions of Clause 5507 allow the Designer to include requirements for clear panels so that the repair concrete can be observed flowing into particular ...
	2. The drawings should show where provision needs to be made to prevent air being trapped during the course of the repair.
	3. The Specification similarly includes a mandatory provision for the Contractor to provide access and time in his programme for the Employer’s Representative to inspect the repair immediately after any formwork has been struck.  This provision allows...

	NG 5508 Repair Product – General
	1. IS EN 1504-3 has four classes of repair product, however all concrete repairs shall use:
	 Class R4 - A structural grade with minimum compressive strength of C45/55.
	2. The majority of repairs should be considered as structural. Non-structural repair products should only be specified for shallow repairs where no form of electrochemical treatment is proposed.
	3. For some applications, even the highest class, R4, may not guarantee an adequate compressive strength and a modified requirement will need to be included in Appendix 55/1.
	4. The Designer should specify on the drawings the class of repair product required.  Reference to IS EN 1504-3, the Specification and where completed, Appendix 55/1 should be included.
	5. The Designer should include in Appendix 55/1 any additional or modified requirements for the repair product from those specified in Table 3 of EN 1504-3 and the Specification.
	These should include changes to the performance characteristics or limitations on constituents.  In some instances it may be appropriate to remove a particular requirement or set a low threshold where that performance characteristic is not relevant to...
	Repair products should generally be cement-based or cementitious-based. Resin-based products provide much less protection to reinforcement than cementitious products, so should only be specified where reinforcement is not exposed, repairs are small in...

	NG 5509 Repair Product – Constituent Materials
	Cement-Based Products- General
	1. This Clause will apply to the majority of repair products required for road structures.  For other situations where particular materials need be included in or prohibited from the repair concrete, or where a different limit on a component of the co...
	2. Generally, concrete repair products used on road projects have contained additives to limit shrinkage. An expansive agent is included in the mix to offset the effects of drying shrinkage in the repair product and reduce the risk of cracking of the ...
	3. Adhesive bond onto the parent concrete provides restraint to shrinkage movement at the substrate. In a reinforced concrete member, reinforcement is provided to control surface cracking. The existing reinforcement may have been provided to control t...
	4. In addition to the specific values for properties and constituents, this Clause defines the way in which the repair product is expected to perform to achieve a durable repair.

	Cement
	5. CEM III/B may be used in special applications such as sulfate resistance of buried concrete, to help minimise the risk of thermal cracking and where high resistance to chloride ingress is required. However, it should not be used in the surfaces of ...
	6. Sulfate-resisting Portland cement was previously specified to BS 4027 as SRPC; the Standard has been withdrawn and allowed sulfate-resisting Portland cements are now CEM I-SR 0 (with C3A content of the clinker = 0 %) and CEM I-SR 3 (with C3A conten...
	7. The use of blended cements containing fly ash or ground granulated blastfurnace slag may increase concrete durability and resistance to both chloride ingress and sulfate attack. However, care should be taken due to possible delayed strength develop...
	8. Cement combinations have not been included as there may not be enough quality control when blending on site using a mixer.
	9. Experience has shown that repair material requires a high degree of workability and a relatively high minimum cement content to achieve a sufficiently low water/cement ratio, which is important in producing a dense concrete with low porosity.
	10. Concrete repairs are often carried out in response to deterioration of a structure resulting from contamination by de-icing salts.
	Wherever possible in specifying the repair products, measures should be taken to minimise the risk of contaminants being introduced.  Using only potable water conforming to IS EN 1008 is one such measure.

	Aggregates
	11. Recycled aggregates used within a concrete repair mix significantly reduce the workability of the concrete as it is difficult to maintain a consistent and uniform saturated surface condition. It is also more difficult to track the source of aggreg...

	Control of Alkali-Silica Reaction
	12. There may be a potential for alkali silica reaction between the existing concrete substrate and the repair product.  The Contractor should exercise close control of any mix components suspected of triggering alkali silica reaction to minimise the ...

	Silica Fume
	13. During the initial development of repair concretes, the use of silica fume was found to promote flowability in some formulations.
	14. Repair products containing silica fume can exhibit higher resistivity. This can be advantageous if patch repairs or concrete replacement are undertaken either with traditional concrete repair techniques or combined with surface treatments, however...
	15. If the Engineer wishes to prohibit or further restrict the percentage of silica fume in the concrete repair mix, requirements should be specified in Appendix 55/1.

	Fibres
	16. Steel and plastic polymer fibres should not be specified in the mix. Steel fibres in particular may interrupt any passage of current associated with both impressed current and galvanic anodes. A mix with fibres added will be more difficult to comp...

	Resin-Based Products
	17. Resin-based products should only be specified and used for small shallow repairs, and hence the filler will normally be a fine aggregate.
	Resin binders should be capable of maintaining adhesion to the parent concrete when subjected to flexural stresses at the interface, and when in contact with wet concrete.


	NG 5510 Repair Product - Approval
	1. The Employer’s Representative should have the opportunity to confirm that the products being proposed by the Contractor satisfy the requirements of the Contract before works start.  Generally the data to be provided by the manufacturer should be re...
	2. The specified modulus of elasticity of the repair material should be within a range of approximately the same modulus, up to +10 GPa, of that estimated or measured for the existing concrete.
	3. Compressive strength of the specified repair material must be greater than that estimated or measured for the existing concrete.
	4. Performance characteristics of the Contractor’s proposed material shall be checked against Table 3 of IS EN 1504-3 for the specified class of structural repair product.
	5. If the Contractor proposes to modify a proprietary repair product, a departure from standard should be submitted for approval. The details provided for each departure submission shall be appropriate to the mix proposed for that application, includi...
	6. Some products formulated to be flowable materials are tolerant of being used with differing water/cement ratios and can also be used for locations where they are not placed into shutters.  In such cases it is important that there is evidence that t...

	NG 5511 Repair Product - Supply and Storage of Material
	Packaging
	1. The use of proprietary pre-mixed products limits the risk of errors in proportioning and mixing of components on site.  However, it is important that the products delivered to site remain dry and in good condition, and that there is no tendency for...

	Delivery data
	2. The repair material must be easily identifiable from labelling on the container to enable it to be traced within the manufacturer’s quality assurance system. CE marking and Declaration of Performance will provide this assurance.
	3. Labelling on the container should include the quantity of water to be added which means that the key item of information for mixing is immediately available each time a container is opened.
	4. In addition to the information on the container, further information must be supplied with each consignment to confirm the formulation of the material and to aid traceability within the manufacturer’s quality assurance system.

	Storage
	5. As repair products are susceptible to deterioration, particularly when they are exposed to moisture, it is essential that they are stored properly in accordance with the manufacturer’s recommendations.


	NG 5512 Repair Product - Testing
	Quality Control Tests
	Tests for Suitability of Products – General
	1. Repair product formulations have developed and improved with time. Occasionally, completely new formulations become available, in some cases to meet the requirements of particular schemes. Quality control tests are required before work starts to co...
	2. The tests described in the Specification cover the property and performance characteristics necessary to confirm that the product will be compatible with the existing structure, can be placed easily and will be durable.  The tests specified are:
	3. Generally, the tests specified shall be carried out in accordance with the test methods specified in IS EN 1504-3 and any further requirements contained in this Specification.
	4. The Clause also provides for additional tests to be specified in Appendix 1/5.  Previously, some projects have specified full scale mock-up tests to demonstrate the performance of the product under site conditions.  These may still be appropriate w...
	5. With the introduction of IS EN 1504 it is possible that, particularly where the supervisory team are familiar with the material proposed and the manufacturer operates a quality assurance and quality control regime which complies with Part 8 of the ...
	6. Other additional tests should only be required where a particular need has been identified to confirm a particular property or performance characteristic for a specific application.  IS EN 1504-3 provides further information of the range of tests t...
	7. When cementitious material content of the proposed product has been confirmed by the manufacturer, or independent suitability test, the Designer should check that the existing reinforcement is adequate to resist calculated plastic shrinkage (early ...

	Batch Acceptance Tests
	8. Batch acceptance tests have typically been used to check that the manufacturer is producing a consistent product.  The properties of compressive strength and flowability have generally been measured as these demonstrate key characteristics immediat...
	9. IS EN 1504-8, requires the manufacturer to operate a quality assurance and quality control regime. Evidence from the manufacturer’s testing programme may be accepted in place of the carrying out of batch acceptance tests.
	10. Works tests are required to monitor the repair activities and to confirm that the repairs have been implemented effectively.  They fall into three categories, tests on the material to confirm its properties, inspection of the area to be repaired a...
	11. The Clause also provides for additional tests to be specified in Appendix 1/5.  These should only be required where a particular need has been identified to confirm a particular property or performance characteristic for a specific application.  C...

	Contract Compliance Tests
	12. Tests on the material are for flowability and compressive strength.  Flowability is a straightforward method of confirming that mix conforms to the manufacturer’s requirements in terms of the amount of water to be added and that mixing has been ca...
	13. An air content test has been added to the contact compliance tests as additional control on the site mixing procedure. Too high an air content may reduce concrete strength.
	14. The Specification similarly includes a mandatory provision for the Contractor to provide access and time in his programme for the Employer’s Representative to inspect the repair immediately after any formwork has been struck.  This provision allow...
	15. Confirmation that the repair material has properly filled the repair area is gained by drilling cores in the repair area.  Inspection of the core and core hole will confirm whether the repair material has achieved intimate contact with the substra...
	16. The Designer must show the proposed general location for the cores which shall be confirmed by the Employer’s Representative on site, usually with the aid of a cover meter or by reference to records of the location of the reinforcement obtained du...
	17. Samples are taken by coring to required depth and cross cutting before removal. Adhesive bond should be adequately developed before attempting this.
	18. Core holes are to be repaired with repair mortar complying with Clause 5515 and therefore there will usually be a requirement for repair mortar on any repair contract.
	19. The Clause also provides for additional tests to be specified in Appendix 1/5.  These should only be required where a particular need has been identified to confirm a particular property or performance characteristic for a specific application.  I...


	NG 5513 Repair Product - Site mixing, placing and curing
	General
	1. General advice may be found in IS EN 1504-10, Section 8 and IS EN 13670, Annex F. Placing and compaction of flowable products as defined in this Specification is similar to section IS EN 13670, F.8.4.3 modified by particular constraints given in th...

	Mixing
	2. The requirements for site mixing of proprietary materials are designed to minimise the risk of errors and ensure a consistent product.  Therefore there is no weighing of repair materials and the only measuring that needs to be done is of the quanti...
	3. Mixing must be carried out mechanically to ensure that the material is mixed thoroughly and agitation is maintained until the concrete is placed to promote workability.

	Placing of Concrete
	4. The provisions for the formation of construction joints and protection of concrete after placing are broadly similar to those in Series 1700.
	5. Fresh cementitious material can be damaged by frost or low temperatures and at high temperatures there is an increased risk of cracking and loss of workability. The structure has already suffered from durability problems and therefore stringent tem...
	6. The placing and compaction of repair concrete is generally carried out in relatively small volumes.  The concrete repair materials tend to segregate if over agitated.  Placement and compaction methods need to have particular regard to these propert...

	Curing of completed repair
	7. Adequate curing of the completed repair is particularly important as cementitious products often have a high cement content, and a low water-cement ratio. Without proper curing of the repair, there is an increased risk of early thermal cracking in ...


	NG 5514 Flowable Concrete or Mortar
	1. Flowable concrete is much better than ordinary structural concrete at filling irregular shaped repair voids. High flow concrete is particularly suitable for a repair void which contains a dense arrangement of reinforcement.
	Normal flow concrete could be used where reinforcement is spaced further apart, and has been specified for reinstatement of the upper surface of a steeply sloping deck, where there is a risk that high flow concrete might not be able to hold itself at ...
	2. The provisions of Clauses 5501, 5502 and 5508 to 5512 apply to flowable concrete and the only additional requirements are that the minimum flowability is defined and that no mechanical compaction of the mix will occur when making cubes for determin...

	NG 5515 Repair Concrete or Mortar
	1. The provisions of Clauses 5501, 5502 and 5508 to 5513 apply for proprietary repair mortar except that, the maximum aggregate size is 2mm.
	Repair Mortar – Treatment of Areas with Low Cover to Reinforcement
	2. In addition to being used for the repair of small areas or filling core holes, repair mortars are used for increasing the thickness of concrete cover to reinforcement where this is substandard. The edge of the repair should be delineated and the De...


	NG 5516 Sprayed Concrete or Mortar
	Products
	1. Sprayed concrete or mortar may either be a proprietary product complying with this series of the Specification or a designed mix complying with Series 1700.  In each case the concrete must also comply with the requirements of this Clause.
	2. Sprayed concrete or mortar shall not include expansive agents or sulfate resisting cement.  In lieu of the shrinkage compensation provided by expansive agents sprayed concretes are specified with a minimum tensile strength.
	3. Sulfate-resisting Portland cement provides less protection than other cements to chloride-induced corrosion of reinforcement. It should only be used to repair reinforced concrete which was originally made with sulphate resisting concrete, or to rep...
	4. The restriction on the use of sulphate-resisting cement is not a significant limitation on the performance of the product as this is normally only used for buried elements which may be exposed to sulfate attack from ground water.  It should be assu...
	5. The Contract Specification should try to match the elastic modulus of the sprayed material to the existing concrete to limit shear stresses at the interface.

	Performance Requirements
	6. The approach to achieving compatibility between a sprayed concrete repair and the substrate differed from that used for other application techniques.
	In particular a minimum tensile strength and maximum un-restrained shrinkage are specified to reduce the risk of cracking and limits are placed on the elastic modulus and coefficient of thermal expansion to minimise differential effects under load and...
	7. As the application method requires a material with a relatively high water/cement ratio, an additional requirement in respect of the coefficient of chloride ion diffusion is included.

	Quality Control Tests
	8. The approvals tests specified for repair concrete in Clause 5512 apply to sprayed concrete and are appropriate to confirm the performance characteristics of the material.  Additional tests are specified to demonstrate that the material is suitable ...
	9. Typically the size of the test panel will be as specified in this Clause, although the Designer may specify alternative sizes on the Drawings.  The Designer should also show details of any reinforcement required in the test panel to simulate the re...
	10. Each proposed spray gun operator shall produce four test panels at inclinations representative of the repair locations.  The Designer should specify the inclinations to be tested on the drawings.
	  To confirm that the sprayed concrete has adequately filled the test mould and achieved the required density, 100mm diameter cores for each test panel should be inspected for voids or laminations and be tested for compressive strength.
	11. A representative selection of panels are also tested for the following performance characteristics:
	 Adhesive bond;
	 Tensile splitting strength;
	 Elastic modulus;
	 Shrinkage;
	 Coefficient of thermal expansion;
	 Coefficient of chloride ion diffusion.
	12. Details of any reinforcement required in the moulds to simulate the repair conditions shall be shown on the Drawings.
	13. Two test panels shall be produced for each proposed mix at each inclination described in the Contract by each spray-gun operator the Contractor proposes for the work.

	Contract Compliance Tests
	14. The quality of the finished repairs should be monitored by taking cores and subjecting them to compressive strength tests and adhesive bond tests.  The Designer should specify the frequency of testing in Appendix 1/5.
	15. IS EN 1504-10, Table A.2 suggests values for adhesion strength of repair mortar. Target adhesion strength for each location should be included in Appendix 55/4.

	Workmanship
	16. Sprayed concrete is a specialist activity and the Specification requires that it is undertaken only by contractors who are members of the Sprayed Concrete Association or a similar construction trade regulating body.
	The Specification also requires that the appointed Contractor only employs nozzle operators who are suitably qualified and experienced and hold Certificates of Competence in Sprayed Concrete Practice.
	17. The quality of sprayed concrete is easier to control if done by dry spraying. The water-cement ration is correct if the material consistently adheres to the substrate. If too dry it will rebound and if too wet it will slump off. Consistency can be...

	General Construction Requirements
	18. The general requirements set out aspects of good practice with which the sprayed concrete Contractor should be fully familiar.

	Construction Joints
	19. The requirements for construction joints in sprayed concrete are different to those typically employed for other repair methods.  The surface of the joint is tapered at 30º to provide a better angle of attack to the nozzle.

	Surface Finishes
	20. Surface finish of sprayed concrete should normally be left as-sprayed from the nozzle. This is because any finishing of the surface other than very light trowelling can cause plastic cracking. This is detrimental to appearance and durability.
	21. Where specified on the drawings, and further described in Appendix 55/4, the sprayed concrete may be finished by cut and flash method. The sprayed concrete should be trimmed to true lines and after an initial set shall be sprayed again with an ove...
	22. The surface material should then be trowelled smooth with a wooden float. The finer the aggregate, the easier it is to float off. Alternatively the final layer may be textured with a brush or sponge.


	NG 5517 Repairs to Structures to Receive Impressed Current Cathodic Protection
	General
	1. Metallic objects embedded and visible within the surface concrete are likely to interfere with and adversely affect the protective current flowing as part of the cathodic protective system. These objects should be identified and removed, and the re...

	Materials
	2. Resin based repair mortars are not suitable for use in conjunction with electrochemical treatments, neither are repair materials containing steel or carbon fibres. IS EN ISO 12696 has a general recommendation that repair materials should have a res...

	Treatment of Areas with Low Cover to Reinforcement.
	3. The minimum cover to concrete reinforcement should be indicated on the drawings. If an overlay containing a mesh anode as part of a cathodic protection system is to be applied, the minimum cover to reinforcement may be reduced below the value sugge...

	Treatment of Reinforcement
	4. Where concrete repairs are being carried out prior to installing a cathodic protection system, continuity of the existing reinforcement should be ensured.


	NG 5518 Repairs to Structures using Galvanic Anodes for Control of Incipient Anode effect
	Materials
	1. Resin-based repair mortars are not suitable for use in conjunction with galvanic anodes, neither are repair materials containing steel or carbon fibres. Although IS EN ISO 12696 has a general recommendation that repair materials should have a resis...
	2. Galvanic anodes generate their own current and drive voltage which is much smaller than an ICCP system. The galvanic current has to be able to draw chloride ions from the existing concrete to the anode, rather than to the existing reinforcement jus...
	3. Type 2 galvanic anodes drilled into the parent concrete are not affected by concrete resistivity of adjacent patch repairs.


	NG 5519 Concrete Injection
	Introduction
	1. IS EN 1504-9 defines two principles for repair of concrete using concrete injection. Principle 1 – ‘Protection against Ingress’, to stop water leaking through an element, and Principle 4 ‘Structural Strengthening’, where the concrete integrity and ...
	2. This Specification Clause does not cover the following situations:
	a)  Filling of cracks with a material required to harden under dynamic loading;
	b)  Filling of cracks using ductile products for watertightness at higher pressure (700 MPa);
	c)  Filling of cracks using swelling fitting products in contact with polymeric inserts or subject to freezing temperatures etc.;
	d)  Chasing out cracks and filling them with elastomeric sealant;
	e)  Filling of voids outside of the concrete section;
	f)  Injecting other non-concrete constructional materials e.g. Stonework, masonry applications in extreme environmental conditions e.g. cryogenic use.

	General Requirements
	3. Reinforced concrete should be expected to crack under forces experienced in service. However, the underlying cause of cracking should be ascertained before specifying a solution including crack injection. Modern design codes specify a minimum amoun...
	4. Cracking in the existing concrete which is wider than designed should be considered for injection. However, if cracking is caused by reinforcement corrosion, a full concrete repair may be necessary. It should be noted that non-cementitious injectio...
	5. Classification of the role the injection material is expected to perform should be specified for each location in accordance with IS EN 1504-5, Annex A. Classifications should be included in Appendix 55/5 and be cross referenced on the drawings.

	Products for Crack Injection
	6. Product types are generally capable of force transmitting, remaining ductile or swelling to fill the crack.

	Inspection
	7. Crack widths should be measured to determine if there are any greater than assumed by the original design. The structure may predate the publication of crack control codes, and cracking could be extensive if the structural reinforcement was insuffi...
	8. The Employer’s Representative should make a judgement about whether each crack is still moving or not, and note whether there is any water or debris lodged within the crack. This information should be used to specify the appropriate crack treatment...
	9. If the crack is no longer moving and not likely to as a result of loading on the structure, then the crack should be filled. However, if the crack is still mobile or there is some doubt about whether movement is likely, it should be structural bond...

	Workmanship
	10. IS EN 1504-10, Annex A.8 contains advice about techniques of crack injection. Moisture within a crack may be pre-existing or introduced during cleaning. It should be removed prior to filling of cracks. Hot air may be used for this although a metho...


	NG 5520 Surface Protection Systems
	1. Refer to Clause NG1709 for further guidance.

	NG 5521 Structural Bonding
	1. Structural bonding shall be in accordance with IS EN 1504-4.

	NG 5522 Anchoring of Reinforcing Steel
	1. Anchoring of reinforcing bars shall be in accordance with IS EN 1504-6.

	NG SAMPLE APPENDIX 55/1: REPAIR PRODUCT – ADDITIONAL AND MODIFIED REQUIREMENTS
	1. Assumed repair method for each construction activity reference IS EN 1504-9. [5502.1, 5508.3]
	2. Performance characteristics for Class R4. [5508.4]
	3. Other compliance requirements for constituent materials of repair product. [5509.5]
	4. Prohibition on use of microsilica as a constituent material. [5509.15]
	5. Early strength gain requirements of flowable product. [5512.5, 5514.8]
	6. Range of elastic modulus required for repair product if different from IS EN 1504-3, Table 3. [5512.06]
	7. Required “flowability” of flowable material if not minimum of 750mm for high flow and 400mm for normal flow. [5514.6]

	NG SAMPLE APPENDIX 55/2: ADDITIONAL REQUIREMENTS FOR REINFORCEMENT
	1. Criteria for determining the treatment of existing reinforcement (typical average section loss greater than), which affected bars should be cut out and replaced, or new bars lapped. [5505.2]
	2. Schedule of reinforcing bars to be maintained on site. [5505.2]
	3. Additional performance characteristics of reinforcement coatings (glass transition temperature, shear adhesion). [5505.4]
	4. Specific requirements for site welding of reinforcement, where permitted. [5505.5]

	NG SAMPLE APPENDIX 55/3: REQUIREMENTS FOR EXECUTION OF CONCRETE REPAIRS
	1. Concrete breakout procedure trials on the structure or a reinforced concrete mock-up/model of the structure. [5503.20]
	2. Details and further requirements for Temporary Works including Technical Approval. [5507.1]
	3. Any requirements for formed surface finishes. [5507.2]
	4. Requirement for clear viewing panels within formwork. [5507.3]
	5. Frequency and distribution of cores to test integrity and adhesion of repair area. [5512.33, 5512.39]
	6. Target adhesion strength of repair mortar material at interface with concrete substrate in accordance with IS EN 15054-10, Table A.2. [5512.44]
	7. Flowable concrete placement trials e.g. simulated soffit repair, simulated top repair etc. [5514.9]
	8. Target adhesion strength of repair at interface with concrete substrate in accordance with IS EN 15054-10, Table A.2. [5514.11]
	9. Repair layer thickness requirements. [5515.5]
	10. Unformed finish on repair patches using hand-applied concrete or mortar. [5515.6]
	11. Target adhesion strength of repair at interface with concrete substrate in accordance with IS EN 15054-10, Table A.2. [5515.7]
	12.

	NG SAMPLE APPENDIX 55/4:  ADDITIONAL REQUIREMENTS FOR SPRAYED CONCRETE
	1. Modification to Clause 5507 requirements for sprayed concrete.  [5516.13]
	2. Target adhesion strength of sprayed concrete repair material internally and at interface in accordance with IS EN 1505-10, Table A.2. [5516.35]
	3. Description and specification for alternative sprayed concrete finish.  [5516.55]

	NG SAMPLE APPENDIX 55/5: ADDITIONAL REQUIREMENTS FOR CRACK INJECTION
	1. Classification of injection products for each location in accordance with Annex A of IS EN 1504-5. [5519.3]
	2. Additional/replacement requirements of IS EN 1504:5 Tables 6, 7 and 8 for injection products. [5519.9, 5519.10]
	3. Acceptable minimum percentage filling of crack exposed in core if different from 80%. [5519.22]

	NG SAMPLE APPENDIX 55/6:  REQUIREMENTS FOR SURVEY OF STRUCTURE
	1. Requirements for concrete investigation by the Contractor and subsequent factual or factual/interpretive reporting, including: [5503.2]
	 Electrical potential mapping;
	 Chloride sampling;
	 Carbonation testing;
	 Concrete resistivity;
	 Reinforcement cover survey;
	 Concrete sounding survey.

	NG SAMPLE APPENDIX 55/7:  ADDITIONAL REQUIREMENTS FOR GALVANIC ANODES
	1. Requirements for Contractor design of galvanic anode installation. [5506.12]
	2. Required spacing of galvanic anodes around the perimeter of repair if not to be specified on the drawings. [5506.20]
	3. Requirements for monitoring of galvanic anode installation including: [5506.23]
	  Connections;
	  Junction boxes;
	  Control boxes;
	  Local or remote monitoring.



