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1 GENERAL

1 GENERAL

1.1  SCOPE OF SECTION
This section covers formwork, reinforcement, concrete and joints in the concrete required in
the Permanent Works.

Formwork constitutes formwork, falsework and void formers required for the placing of
concrete.

Reinforcement constitutes plain and deformed bar reinforcement and steel fabric to be cast
into concrete but does not include pre-stressing tendons or any other embedded steel.

Concrete constitutes concrete and mortar other than special concretes and mortars specified
in other sections of the Specification.

A list of applicable international standards is included under Sub-Section 7 of this
specification.

1.2  SUBMISSIONS TO THE ENGINEER

The Contractor shall submit to the Engineer all documents etc. as required by the relevant
clauses of the Conditions of Contract. With regard concrete works, the submissions are in
particular two copies of each of the following:

. shop drawings, details and calculations
. reinforcement detail drawings

. bar bending schedules
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2.1 DEFINITIONS

Formwork means the surface against which concrete is placed to form a face, together with
all the immediate supports to retain it in position while concrete is placed.

Falsework means the structural elements supporting both the formwork and the concrete
until the concrete becomes self-supporting.

A formed face is one which has been cast against formwork.

An exposed face is one which will remain visible when construction has been completed.

2.2 CONSTRUCTION OF FORMWORK AND FALSEWORK

The design, provision and maintenance of all falsework shall be the responsibility of the
Contractor and shall be in accordance with BS 5268 and BS 5975. When requested, he shall
provide a design analysis for particular parts of the work and erection shall not commence
until he has received the written permission of the Engineer. Notwithstanding any approval
given or implied or comments made, design shall remain the responsibility of the Contractor.

Whether or not a design analysis has been requested, before construction begins the
Contractor shall submit to the Engineer drawings showing details of the proposed formwork
and falsework including void formers where required.

Formwork and falsework shall be so constructed that they will support the loads imposed on
them by the fresh concrete together with additional loads imposed by vibrating equipment
and by construction traffic, so that after the concrete has hardened the formed faces shall be
in the positions shown on the Drawings within the tolerances set out in Sub-Section 2.5.3.

Ground supports shall be properly founded on footings designed to prevent settlement.

Joints in formwork for exposed faces shall, unless otherwise specified, be evenly spaced and
horizontal or vertical and shall be continuous or form a regular pattern.

All joints in formwork including formwork for construction joints shall be tight against the
escape of cement and fines. Where reinforcement projects through formwork, the form shall
fit closely round the bars.

Formwork shall be so designed that it may be easily removed from the work without damage
to the faces of the concrete. It shall also incorporate provisions for making minor adjustments
in position, if required, to ensure the correct location of concrete faces. Due allowance shall
be made in the position of all formwork for movement and settlement under the weight of
fresh concrete.

Where overhangs in formwork occur, means shall be provided to permit the escape of air
and to ensure that the space is filled completely with fully compacted concrete.
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Formwork shall be provided for concrete surfaces at slopes of 30° to the horizontal or
steeper. Surfaces at slopes less than 20° may be formed by screeding. Surfaces at slopes
between 20° and 30° shall generally be formed unless the Contractor can demonstrate to the
satisfaction of the Engineer that such slopes can be screeded with the use of special screed
boards to hold the concrete in place during vibration.

Horizontal or inclined formwork to the upper surface of concrete shall be adequately secured
against uplift due to the pressure of fresh concrete. Formwork to voids within the body of the
concrete shall also be tied down or otherwise secured against floating.

The internal and external angles on concrete surfaces shall be formed with fillets and
chamfers of 25 x 25 mm unless otherwise shown on the Drawings. Tops of lifts shall have a
20 x 20 mm grout check set true to line, to present a neat joint when the next lift is placed.

Supports for formwork may be bolted to previously placed concrete provided the type of bolt
used is acceptable to the Engineer. If metal ties through the concrete are used in conjunction
with bolts, the metal left in shall not be closer than 50 mm to the face of the concrete.

Removable tapered plugs shall be used against the formwork when casting in all metal ties
through the concrete where the surface finishes is Class F3 or higher.

Formwork shall not be re-used after it has suffered damage which is sufficient to impair the
finished surfaces of the concrete.

Where circumstances prevent easy access within the form for cleaning and inspection,
temporary openings for this purpose shall be provided through the formwork.

Shear keys shall be provided in all vertical battered or sloping contraction or construction
joints of the size and shape indicated on the Drawings.

Where precast concrete elements are specified for use as permanent formwork, or proposed
by the Contractor and agreed by the Engineer, they shall comply with the requirements of
Sub-Section 5 of the Specification. Such elements shall be set true to line and level within
the tolerances prescribed for the appropriate class of finish in Sub-Section 2.5.3 and fixed so
that they cannot move when concrete is placed against them.

2.3 PREPARATION OF FORMWORK

Before any reinforcement is placed into position within formwork, the latter shall be
thoroughly cleaned and then dressed with a release agent. The agent shall be either a
suitable oil incorporating a wetting agent, an emulsion of water suspended in oil or a low
viscosity oil containing chemical agents. The Contractor shall not use an emulsion of oil
suspended in water nor any release agent which causes staining or discoloration of the
concrete, air holes on the concrete surface, or retards the set of the concrete.

In order to avoid colour differences on adjacent concrete surfaces, only one type of release
agent shall be used in any one section of the Works.
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In cases where it is necessary to fix reinforcement before placing formwork, all surface
preparation of formwork shall be carried out before it is placed into position. The Contractor
shall not allow reinforcement or pre-stressing tendons to be contaminated with formwork
release agent.

Before placing concrete all dirt, construction debris and other foreign matter shall be
removed completely from within the placing area.

Before concrete placing commences, all wedges and other adjusting devices shall be
secured against movement during concrete placing and the Contractor shall maintain a
watch on the formwork during placing to ensure that no movement occurs.

2.4 REMOVAL OF FORMWORK

Formwork shall be carefully removed without shock or disturbance to the concrete. No
formwork shall be removed until the concrete has gained sufficient strength to withstand
safely any stresses to which it may thereby be subjected.

Formwork may be removed when the concrete has attained the strength set out in the
following table, where 'C' is the characteristic strength used for design purposes for a given
class of concrete, provided that the attained strength is determined by making test cubes and
curing them under the same conditions as the concrete to which they refer.

Position of Formwork Strength to be Attained

Vertical or near vertical faces of reinforced walls, beams

0.3C
and columns

Underside of arches, beams and slabs (formwork only) [0.5C

Supports to underside of arches, beams and slabs 10C

Arched linings in tunnels and underground works 3 N/mm?

Alternatively the stripping times required to achieve the strengths in the table above for the
anticipated range of ambient temperatures shall be agreed in advance by the Contractor and
Engineer for each class of concrete.

Compliance with these requirements shall not relieve the Contractor of his obligation to delay
removal of formwork until the removal can be completed without damage to the concrete.
The Contractor will be held responsible for and shall make good at his cost all injury and
damage arising from the premature stripping of formwork.

If the Contractor wishes to strip formwork from the underside of arches beams and slabs
before the expiry of the period for supports set out above, it shall be designed so that it can
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be removed without disturbing the supports. The Contractor shall not remove supports
temporarily for the purpose of stripping formwork and subsequently replace them.

As soon as the formwork has been removed, any allowable remedial measures to the
surfaces shall be carried out as specified below. Bolt holes in concrete faces other than
construction joints which are not required for subsequent operations shall be completely filled
with mortar sufficiently dry to prevent any slumping at the face. The mortar shall be mixed in
the same proportions as the fine aggregate and cement in the surrounding concrete and with
the same materials and shall be finished flush with the face of the concrete.

2.5 FORMED SURFACE FINISHES

2.5.1 Classes of Finish

The surface finish to be achieved on formed concrete surfaces shall be as shown on the
Drawings and defined hereunder. The selection of materials for the formwork, the design of
the formwork and its fixing shall be such as to achieve the required surface finish without any
subsequent remedial work.

Classes of unformed free surface finishes are defined in Sub-Section 4.11.

Class F1 Finish: This finish is for surfaces against which backfill or further concrete will be
placed. Unless specifically directed otherwise, formwork may be sawn boards, sheet metal or
any other suitable material which will prevent the loss of fine material from the concrete being
placed.

Class F2 Finish: This finish is for surfaces which are permanently exposed to view. Forms to
provide a Class F2 finish shall be faced with wrought tongued and grooved boards with
square edges arranged in a uniform pattern and close jointed or with suitable sheet material.
The thickness of boards or sheets shall be such that there shall be no visible deflection under
the pressure exerted by the concrete placed against them. Joints between boards or panels
shall be horizontal and vertical unless otherwise directed. This finish shall be such as to
require no general filling of surface pitting, but fins, surface discoloration and other minor
defects shall be remedied by methods agreed by the Engineer.

Class F3 Finish: This finish is for surfaces which will be in contact with flowing water, for
tunnel lining, for reservoirs, and for surfaces prominently exposed to view where good
appearance is of special importance. To achieve this finish, which shall be free of board
marks, the formwork shall be faced with plywood complying with BS 1088 or equivalent
material in large sheets. The sheets shall be arranged in an approved uniform pattern.
Wherever possible, joints between sheets shall be arranged to coincide with architectural
features or changes in direction of the surface. All joints between panels shall be vertical and
horizontal unless otherwise directed. Suitable joints shall be provided between sheets to
maintain accurate alignment in the plane of the sheets. Unfaced wrought boarding or
standard steel panels will not be permitted for Class F3 finish. The Contractor shall ensure
that the surface is protected from rust marks, spillages and stains of all kinds.
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Class F4 Finish: This finish is similar to that required for F3 but is used in places where a first
class alignment and a particularly dense surface free from air holes and other defects is
required, suitable for the application of decorative finishes and at locations which will be in
contact with water flowing at high velocities and/or through significant curvatures.

The Contractor's attention is drawn to the fact that this finish requires careful selection of
materials and the highest quality of workmanship and supervision at all stages. A proprietary
formwork lining membrane may be appropriate to aid the achievement of this class of finish.

2.5.2 Curved Surfaces

For curved surfaces where F2, F3 or F4 finishes are called for the formwork face shall be
built up of splines cut to make a tight surface which shall then be dressed to produce the
required finish.

Alternatively single curvature surfaces may be faced with plastic or plywood linings attached
to the backing with adhesive or with escutcheon pins driven flush. Linings shall not bulge,
wrinkle or otherwise deform when subjected to temperature and moisture changes.

2.5.3 Tolerances

All parts of formed concrete surfaces shall be within the tolerances set out in the following
table:

Class of| Tolerances in mm (see Note 1)

Finish A 5 c

Fl 10 10 +25 10 - 10
F2 5 10 +15 to - 10
F3 2 5 +10 to - 10
F4 Nil (see Note 2) |2 +51t0 -5

Notes:

1. The tolerances A, B and C given in the table are defined as follows:

'A' is an abrupt irregularity in the surface due to misaligned formwork or defects in
the face of the formwork;

'B' is a gradual deviation from a plane surface as indicated by a straightedge 3 m
long. In the case of curved surfaces the straightedge shall be replaced by a
correctly shaped template;

'C'" is the amount by which the whole or part of a concrete face is displaced from the
correct position shown on the Drawings.
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2. Abrupt irregularities are not permitted in an F4 finish. Any residual irregularities which
remain after removal of formwork shall be removed by grinding to achieve a transition
of 1 in 50 between the surfaces adjacent to the irregularity.

3. Where a surface lies in the vertical plane, the maximum deviation from true vertically
shall not be greater than 2mm per meter vertical height.

In cases where the Drawings call for tolerances other than those given in the table above,
the Drawings shall have precedence.

Where precast units have been set to a specified tolerance, further adjustments shall be
made as necessary to produce a satisfactory straight or curved line. When the Engineer has
approved the alignment, the Contractor shall fix the units so that there is no possibility of
further movement.

2.6 REMEDIAL WORK TO DEFECTIVE SURFACES

2.6.1 Minor Defects

a. General

This clause covers the remedial work required to repair defects of a non-structural nature.
The repair of defects of a structural nature such as honeycombing extending to
reinforcement, lack of bond on construction surfaces, shrinkages, cracks etc. are covered in
Sub-Section 2.6.2.

Prior to undertaking permanent work, the Contractor shall submit details of all proposed
methods of repairing surface blemishes and shall, where required by the Engineer, carry out
trials on test panels to prove the adequacy of the proposed methods and competence of the
workmen.

Immediately after the removal of the shuttering, the Contractor shall inspect the concrete and
shall report any defects to the Engineer. All repair work on such defects and the timing of
such repairs shall be agreed by the Engineer prior to the work being done. The repair work
shall be carried out by skilled workmen only, and shall be completed to the satisfaction of the
Engineer.

Generally where repairs are required, they shall be carried out immediately after forms have
been stripped. Proprietary bonding agents acceptable to the Engineer shall be used where
repairs are made on concrete which is older than 7 days.

No plastering of surfaces will be permitted unless specifically stated or ordered. If surfaces
are not true to shape due to inaccurate formwork or poor placing or any other cause
whatsoever, the Engineer may order the removal of the whole of the section and its
reconstruction.
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b. Repairs

Surface defects such as small areas of honeycombing, cavities produced by form ties, large
isolated blow holes, broken corner edges, etc. shall be repaired with mortar consisting of
cement and sand in the same ratio as that of the concrete being repaired. The materials
used shall be of the same type and from the same source as those used in the production of
the concrete and if necessary a pigment shall be added to the mortar in order to obtain a
colour match with the concrete.

Surfaces to be repaired shall be thoroughly cleaned of loose particles and laitance before
applying the mortar.

All repaired surfaces shall be cured as specified for that structure or as agreed by the
Engineer.

Where the concrete has been damaged by adhesion of the concrete to the formwork panel,
the cracked and loose concrete shall be removed or where lifting of the fresh concrete at
construction joints has occurred, the crack shall be scraped out immediately on both sides of
the wall to a depth of at least 50 mm. The cavities so formed shall thereafter be repaired as
described above.

Surface irregularities which are outside the limits of tolerance A set out in the table in Sub-
Section 2.5.3 shall be ground down in the manner and to the extent instructed by the
Engineer.

Defects other than those mentioned above shall be dealt with as agreed by the Engineer.

c. Rubbing of Surface

If the finish of exposed formed surfaces does not comply with the requirements for uniformity
of texture, appearance and colour, the Contractor shall rub down the exposed surfaces of the
entire structure or any part thereof as specified below.

The surface shall be saturated with water for at least one hour. Initial rubbing shall be carried
out with a medium coarse carborundum stone, using a small amount of mortar, consisting of
cement and sand in the same ratio as that of the concrete being rubbed down, on the face.
Rubbing shall be continued until all form marks, projections and irregularities are removed
and a uniform surface is obtained. The final rubbing shall be carried out with a fine
carborundum stone and water. This rubbing shall continue until the entire surface is of a
smooth, even texture and is uniform in colour. Thereafter the surface shall be washed with a
brush to remove surplus paste and powder.

Where the concrete surfaces formed by sliding formwork require treatment in order to
achieve the surface finish specified for the member, the concrete shall, as soon as the
surfaces are exposed under the formwork, be floated with rubber-lined floats to the desired
finish.

2.6.2 Major Defects

a. General
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Concrete damaged by improper curing, traffic or any other cause or any concrete which is
honeycombed or has interstices or is not homogeneous or which is not true to dimensions, or
the surface finish defects fall outside those covered by Sub-Section 2.6.1, may be classed as
defective work. Such defective work shall be removed and the Contractor shall replace it with
acceptable concrete of specified strength without any additional payment.

If on stripping any formwork the concrete surface is found to be defective in any way, the
Contractor shall submit to the Engineer his proposal for remedying the defects and shall
make no attempt to remedy such defects prior to the Engineer's inspection and the receipt of
the Engineer's agreement to his proposal.

In assessing the Contractor's proposals for remedying any defects the Engineer may request
further investigation into the integrity of the concrete. Such investigations shall be carried out
by the Contractor at no additional payment. On completion of his assessment the Engineer
shall either accept or reject the Contractor's proposal. In the case of the latter the work
referred to shall be deemed not acceptable and shall be removed together with any
subsequent permanent works that may have been placed and such removal is necessary to
effect the reconstruction of the defective work.

Defects other than those mentioned below shall be dealt with as agreed by the Engineer.

b. Honeycombed and Porous Concrete

In all structures, honeycombed and porous concrete shall be cut out fully to sound concrete
or as otherwise agreed by the Engineer, but the depth of cut out shall not be less than 100
mm or 25 mm clear distance behind reinforcement whichever is the greater.

On exposed surfaces the perimeter of the repair shall be neatly defined by disc cuts not less
than 25 mm deep. The cavity shall have roughened sides at least 75 mm in depth for the full
perimeter and the sides of the cavity shall be splayed back to form a dovetail.

After cleaning out with water and compressed air, a thin layer of cement grout or a
proprietary bonding agent approved by the Engineer shall be brushed on the concrete
surfaces in the cavity and it shall then be filled immediately with concrete of the same class
as the main body but with aggregate larger than 20 mm nominal size removed, or as
otherwise directed by the Engineer. A form shall be used against the cavity, provided with a
lip to enable concrete to be placed. The form shall be filled to a point above the top edge of
the cavity.

The concrete shall contain the minimum quantity of water to reduce shrinkage as much as
possible and shall be thoroughly vibrated into place. Afterwards the lip of concrete shall be
broken off and the surface made good. If instructed by the Engineer, suitable shrinkage
reducing agents or other additives shall be used.

When required by the Engineer, the Contractor shall drill and grout in injection pipes for
subsequent grouting of any remaining voids.

Where acceptable to the Engineer, honeycombed concrete may be grouted with an epoxy
grout of suitable viscosity for penetrating all voids.
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Where repairs are to be made with concrete, they shall be carried out as soon as possible to
achieve the best bond between the repair and the parent concrete. If repairs are delayed
longer than 7 days after concreting a suitable wet to dry epoxy bonding agent shall be used.

All epoxy materials shall be used strictly in accordance with the manufacturer's instructions.

2.6.3 Cracked Concrete

Surface cracks having a width equal or greater than 2 mm shall be pressure grouted using
appropriate chemical or epoxy grouts applied strictly in accordance with the manufacturer's
instructions.
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