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APPENDIX B
RECOMMENDED SPECIFICATION FOR

REINFORCED CONCRETE IN MARINE ENVIRONMENT

RECOMMENDED SPECIFICATION FOR

REINFORCED CONCRETE IN MARINE ENVIRONMENT

1.
Constituent Materials


Cementitious Materials

1.1
All cement and supplementary cementitious materials shall comply with the following standards:

Ordinary and Rapid Hardening Portland Cement
:
BS 12

Portland-blast furnace cement
:
BS 146

Low heat Portland-blast furnace cement
:
BS 4246

Sulphate resisting Portland cement
:
BS 4027

Portland pulverised-fuel ash cement
:
BS 6588

Pulverised fuel ash (PFA)
:
BS 3892

(except that the criterion for maximum water requirement shall not apply)

Blast furnace slag (BFS)
:
BS 6699

The Contractor shall nominate the source of any of the materials mentioned in above proposed to be used in each concrete mix.

1.2
Where there is a danger or high risk of chlorides ingress causing the reinforcement to corrode, the tricalcium aluminate (C3A) component of the cement is very desirable to reduce the amount of chloride available to promote corrosion.  Sulphate-resisting cements, which are low in C3A content, may not be appropriate and their inclusion in concrete mixes for marine environment may need to be reviewed carefully before adopting.


Mineral Additive

1.3
Mineral additive shall comply with the following:

Condensed Silica Fume (CSF) : CSA-A23.5-M86 (Canadian Standard)


Water

1.4
Water for mixing, curing and cleaning concrete shall be clean fresh water taken from the public supply.


Aggregate

1.5
Concrete aggregates shall be normal weight and shall comply with the requirements of BS882, “Aggregates from Natural Sources for Concrete”.  In addition, the aggregates shall meet the following:


(a)
Particle Shape



Flakiness index shall not exceed 30%



Elongation index shall not exceed 35%.


(b)
LA abrasion and sulphate soundness



The maximum Los Angeles Value (ASTM C131) shall be 30% loss and maximum sodium sulphate soundness (ASTM C88) weighted average loss shall be 6%.

1.6
Aggregate shall be obtained from a dedicated deposit having demonstrable ability to provide a consistent quality and grading of material for the duration of the Contract.  Aggregates from marine sources shall not be permitted.

2.
Chemical admixture
2.1
A chemical admixture is defined as a constituent material of concrete other than cementitious materials, mineral additives, aggregates and water.  The admixtures shall comply and be used in accordance with the supplier’s recommendation.  Chemical admixtures shall comply with the following:

Pigments for Portland cement and Portland cement products
:
BS 1014

Accelerating admixtures, retarding admixtures and

water-reducing admixtures
:
BS 5075:Part 1 

Superplasticising admixtures
:
BS 5075:Part 3

2.2 
Where two or more admixtures are used in a concrete mix, the compatibility shall be verified in writing by the supplier with the following:

BS 5075 Concrete Admixtures

2.3
The use of chemical admixtures shall only be permitted subject to the Contractor carrying out prior testing on trial mixes in accordance with this specification.

2.4
The use of any chemical admixture containing chlorides is prohibited.
2.5
The Contractor shall submit relevant test data which demonstrates that the properties of concrete composed of the chemical admixture meets the requirements of this specification.

3.
Maximum Water/Cementitious Content Ratio
3.1
The water/cementitious content ratio of the concrete mix shall not exceed 0.38.

4.
Cementitious Content
4.1
Cementitious content is the combined mass of cement and the dry mass of Condensed Silica Fume (CSF) and the mass of either Pulverised Fuel Ash (PFA) or Blast Furnace Slag (BFS) per cubic metre of compacted concrete.

4.2
The cementitious content of the concrete mix shall be within the 380-450 kg/m3.

4.3
Either PFA or BFS shall be incorporated in the concrete as separate materials in accordance with the following requirements:

The proportion of PFA replacement shall be within the 25-40% range by mass of the cementitious content for normal applications.


If BFS is used instead of PFA, the proportion of BFS replacement shall be within the 60-75% range by mass of the cementitious content for normal applications and the 60-90% range by mass of the cementitious content for low heat applications.

4.4
The proportion of the dry mass of CSF replacement shall be within the 5-10% range by mass of the cementitious content.

5.
Chemical Content
5.1
The acid soluble chloride ion content of all concrete shall be determined in accordance with BS 1881:Part 124:1988 “Methods for Analysis of Hardened Concrete”, and shall not exceed 0.02% of total weight of concrete.

5.2
The acid soluble sulphate content of all concrete expressed as SO3 shall be determined in accordance with BS 1881:Part 124:1988 “Method for Analysis of Hardened Concrete” and shall not exceed 4% of total weight of concrete.

6.
Alkali-Aggregate Reaction
6.1
The reactive alkali of concrete expressed as the equivalent sodium oxide per cubic metre of concrete shall not exceed 3.0 kg.
7.
Curing

7.1
After final set has taken place the concrete shall be cured for at least 7 days.  All exposed surfaces shall be protected from the sun and wind immediately after the initial set has occurred and the concrete shall be kept moist by light water spray or other suitable means until curing methods are applied.  Surfaces from which formwork has been removed before 7 days shall be cured for the remaining period.


Moist Curing

7.2
Concrete shall be covered by canvas, hessian or plastic sheets and kept continuously moist.  Where plastic sheets are used, all edges of the sheeting shall be securely fastened so that no air circulation can occur.  Alternatively, exposed surfaces can be cured by flooding or continuous sprinkling.  Formwork left in position shall be kept continuously wet.

8.
Curing Compounds
8.1
Curing compound shall be a proprietary type approved by the Engineer and shall have an efficiency index of not less than 90%.  The use of curing compound shall be limited to the following types:

(a)
Wax Emulsion


(b)
Petroleum Hydrocarbon Resin

8.2
The minimum application rate shall be 0.2 litre/m2 or the minimum stated on the certificate of compliance, whichever is greater.

9.
Cover to Reinforcement
9.1
The cover to all reinforcement in all exposure zones shall be 75 mm.  Detailing and fixing of reinforcement shall be such that this cover is achieved to a tolerance of ‑5 mm, +10 mm.

9.2
For flexural crack width design and control purpose, allowable crack width may be increased by a factor of 1.25.

10.
Minimum Characteristic Strength

10.1
The minimum characteristic strength of the concrete mix shall be 45 MPa.
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