FORMWORK
CONSTRUCTION OF FORMWORK
The first step towards the construction of formwork is the preparation of working drawings by the Construction Office.  The office will have received a specification for formwork from the Engineer for the job together with the design office drawings of the structure.

Formwork Specifications - The specification should specify the following:

(a)
Define formwork

(b)
Possibly allow for test panels to be used for determining the quality of formwork.

(c)
Forms to be designed to prevent leakage and facilitate stripping.

(d)
Forms to be designed for all conditions of loading (eg. Internal and external vibration) and so as not to affect alignment and water-tightness or damage formwork.

(e)
Requirement for allowance for camber in sections of the formwork so as to limit deflections to those specified.

(f)
Layout of panel sheathing, standard widths of boards etc.

(g)
Provide for rejection by the architect of material intended for re-use if not considered suitable.

(h)
Proper cleaning of formwork

(i)
Protection of material, proper stacking etc.

(j)
Patching of holes, preventing leakage from holes

(k)
Contractor to provide appropriate skilled and unskilled labour and competent supervision.

The formwork specification should include information on:

(a)
Materials  If the particular design requires special materials, suitable formwork materials and accessories should  be specified.  If it does not call for specific materials, the contractor will be free to use materials of his choice as long as they meet design requirements.  Consider whether the material is recoverable eg. under stairs, in underpinning etc.  If left in place what is the effect of swelling or rotting, possibility of corrosion etc.

(b)
Design  By whom the formwork is to be designed.  It will also detail some of the basic requirements of good formwork, particularly as regards quality and safety.  The Contractor will usually be required to submit to the engineer for the job, his drawings and calculations for the formwork he proposes to use.

(c)
Preparation of Forms for Concreting  Detailed requirements for cleaning out the forms before concreting and necessary treatments such as wetting or application of suitable form oils.  Cut outs may be required at inaccessible points (eg. the bottoms of columns and walls and sometimes beams) for cleaning or vibration during pouring, or pouring.  Suitable form oils should be used so that subsequent finishes (eg. render, tiles) will be able to bond.

(d)
Striking of Formwork  This clause usually notes that all formwork should be removed without shock which might damage the concrete.  It will generally give some guidance as to the necessary development of concrete strength before striking forms or removing props, or it may place minimum time limitations on formwork removal.  Stripping pieces should be used; order of stripping must be determined, no pieces should be bonded in.  Provision may be necessary for leaving some props insitu during curing.

(e)
Finish of Exposed Concrete  Finish requirements for concrete surfaces should be described in measurable terms as precisely as practicable.  With special finishes, reference to a prototype can be the guide to exact requirements.  The finish may be determined by the material and shape of the sheathing or modified by the use of chemicals (eg. surface retarders with wire brushing to provide a key for finishes) or other treatment (chipping or brush-hammering, coating of off-form finish due to colour problems).

(f)
Inspection  By whom, when, and for what features formwork will be inspected.  it is important to check for safety.  Formwork should be level over openings and match other elements (eg. joints of brickwork).  Provision of inserts and construction around inserts and penetrations should be checked.

(g)
Approval  What approvals will be required before concreting, during concreting, and before form removal; and who will give such approvals.

Working Drawings  The working drawings for the formwork are usually the documents from which the field supervisor must work.  These should show design assumptions.  There is rarely as much detail provided as shown in the following list.

Working drawing should detail where applicable:

(i)
Assumed values of live loads,

(ii)
Rate of placement and sequence if critical to formwork design,

(iii)
Temperature of concrete,

(iv)
Height of drop,

(v)
Weight of moving equipment which may operate,

(vi)
Camber diagrams,

(vii)
Form materials,

(viii)
Sizes, lengths, tolerances and connection details,

(ix)
Anchors, props and bracing,

(x)
Field adjustment of the forms during placing of concrete,

(xi)
Waterstops, keyways and inserts required for later attachment of other construction 
material,

(xii)
Working scaffolds and runways,

(xiii)
Weepholes or vibrator holes where required,

(xiv)
Drilling, if required, for prefabricated panels to take necessary ties,

(xv)
Screeds and grade strips and their supports,

(xvi)
Wrecking plates where stripping may damage concrete,

(xvii)
Details of ties and spreaders, including removal,

(xviii)
Clean out holes and temporary openings for placing concrete,

(xix)
Construction joints, control joints and expansion joints,

(xx)
Chamfer strips for exposed corners,

(xxi)
Foundation provisions formwork, eg. sole plates,

(xxii)
Formwork coatings or special linings,

(xxiii)
Notes regarding embedded conduits and pipes,

(xxiv)
Details of props, reshoring or the leaving of props in position as forms are struck,

(xxv)
Special provisions such as safety and protection from debris, sun, fire, etc.

Supervision
The field supervisior’s work falls into four categories:

(a)
Control  He must ensure that formwork is constructed in accordance with the specifications and working drawings and he must check that all dimensions are within the allowable tolerances.

(b)
Planning  He might also play a part in planning the work so to achieve an efficient cyclic programme of assembly, concreting, removal and reshoring.

(c)
Safety  He must play a leading role in ensuring adequate safety precautions to protect workmen.  There will be many occasions where he should seek the counsel of the site engineer.  Some of the deficiencies which can lead to form failures are:

(i)
Premature removal of forms or props.

(ii)
Inadequate bracing and poor splicing of multiple-storey timber props.  Splices should have long cleats at the joint on all four sides and be well nailed.

(iii)
Failure to control rate of placing concrete in deep forms without regard to the effect of temperature changes.

(iv)
Failure to regulate properly the placing of concrete on horizontal forms and prevent unbalanced loadings.

(v)
Failure to check adequacy of footings for falsework to prevent settlement in unstable ground.  Note that a level foundation should be cut or packed for bottoms of props or base plates.  Concrete should not be poured unless these are visible for checking eg. not under water.

(vi)
Failure to inspect formwork during concreting to detect any abnormal deflections or signs of imminent failure.  Columns have to have forms tightened, uplift may free unfixed tops of props.

(vii)
Failure to provide adequately for lateral pressure on formwork.  props are commonly not plumb in Singapore - this decreases their effectiveness but allows for adjustment without wedging and allows for working and moving underneath but it is important to fix the top and bottom to prevent kicking out and to provide bracing.

(viii)
Props not plumb.

(ix)
Locking devices on metal props not locked or inoperative.

(x)
Overturning by wind.

(xi)
Damage in excavation by reason of embarkment failure.  Increased load and vibration during pouring can cause the foundation, particularly at the edge of an embarkment, to shift.

(xii)
Failure to check that the drawings are being interpreted correctly.


Workmanship  It is necessary that he concern himself regarding the quality of workmanship in the form construction.  Apart from general dimensional accuracy and safety matters which have already been mentioned, some of the points on workmanship which warrant attention are:

(i)
Joints or splices in sheathing, plywood panels and bracing should be staggered;

(ii)
There should be the proper number and location of the rods or clamps;

(iii)
Tie rods or clamps should be properly tightened;

(iv)
The connections of props and stays to joists, stringers and wales must be adequate to resist any uplifts or twisting at joints;

(v)
Form coatings hould be applied before placing of reinforcement to run onto bars; Coating of bars will cause loss of bond.  Coatings may be washed off or absorbed into the form material it left for too long before pouring.

(vi)
Bulkheads for control and construction joints should preferably be made by splitting along the lines of reinforcement which pass through the bulkhead so that each portion may be positioned and removed separately; Bulkheads are split and then placed for ease of stripping.

(vii)
Bevelled inserts to formkeys at contraction joints should be left undisturbed when forms are stripped, and removed only after the concrete has cured sufficiently; Early stripping (when concrete is green) may result in chipping or spalling, loss of strength and destruction of set.

(viii)
Wood inserts for architectural treatment should be partially split by sawing to permit swelling without applying pressure to the concrete.  Sawn faces of inserts should be placed against the form sheathing.  Inserts should be bevelled for ease of stripping.

(ix)
The loading of new slabs should be avoided in the first few days after concreting.  Time of loading depends on rate of setting.  In practice work usually commences on the slab the following day.

(x)
Formwork must not be treated roughly or overloaded if re-use is desired.  Formwork is commonly dropped from soffit of slab or beam to the floor and thrown out of the building from several floors up.  Corners are particularly vulnerable to damage.
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