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SECTION 03 10 00
FORMWORK

PART 1
GENERAL

1.01
DESCRIPTION


A.
This section specifies formwork requirements for concrete construction.

1.02
QUALITY ASSURANCE

A.
REFERENCES:



This section contains references to the documents listed below.  They are a part of this section as specified and modified.  Where a referenced document cites other standards, such standards are included as references under this section as if referenced directly.  In the event of conflict between the requirements of this section and those of the listed documents, the requirements of this section shall prevail.


B.
Unless otherwise specified, references to documents shall mean the documents in effect at the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the Agreement if there were no Bids).  If referenced documents have been discontinued by the issuing organization, references to those documents shall mean the replacement documents issued or otherwise identified by that organization or, if there are no replacement documents, the last version of the document before it was discontinued.  Where document dates are given in the following listing, references to those documents shall mean the specific document version associated with that date, regardless of whether the document has been superseded by a version with a later date, has been discontinued or has been replaced.

	Reference
	Title

	ACI 116R
	Cement and Concrete Terminology 

	ACI 347R
	Guide to Formwork for Concrete


C. DESIGN:


Formwork design requirements shall conform to the following:

1.
Formwork, shoring and reshoring shall be designed by a civil or structural engineer currently registered in the State of Ohio having a minimum of 3 years experience in this type of design work.
2.
Design and engineering of formwork, shoring and reshoring, as well as its construction, is the responsibility of the CONTRACTOR.

3.
A procedure and schedule shall be developed for removal of shores (and installation of reshores) and for calculating the loads transferred to the structure during this process.
4.
Structural calculations shall be made as required to prove that all portions of the structure in combination with remaining forming and shoring system has sufficient strength to safely support its own weight plus the loads placed thereon.

5.
When developing procedure, schedule and structural calculations, consideration shall be made regarding the structural system that exists, effects of all loads during construction and strength of concrete at each state of construction.

D.
DESIGN CRITERIA:



Design of formwork shall conform to the following criteria:

1.
Formwork shall be designed for loads, lateral pressures and allowable stresses outlined in ACI 347R and for design considerations, wind loads, allowable stresses and other applicable requirements of the controlling local building code. Where conflicts occur between the above two standards, the more stringent requirements shall govern.

2.
Formwork shall be made to limit maximum deflection of form facing materials reflected in concrete surfaces exposed to view to 1/240 of span between structural members.

1.03
SUBMITTALS


A.
Submittals shall be provided in accordance with Section 01 33 00 and shall include the  

 

following information:


1.
Manufacturer's installation instructions and acknowledgement that products submitted meet requirements of standards referenced.


2.
Manufacturer and type of proposed form materials, form ties and form coating materials.


3.
Formwork designer qualifications.


4.
If requested, structural analysis and concrete strength data used in planning and implementing form removal and shoring.

PART 2
PRODUCTS

2.01
FORMS


A.
WOOD FORMS:


Wood forms shall be new 5/8-inch or 3/4-inch, 5-ply structural plywood of concrete form grade.  Forms shall be built-in-place type or pre-fabricated panel.  Built in place type forms shall be 4 by 8 foot sheets except where smaller pieces will cover entire area.  When approved by the CITY, plywood may be reused.
    B.
METAL FORMS:


Metal forms excluding aluminum may be used.  Forms shall be tight to prevent leakage, free of rust and straight without dents to provide members of uniform thickness.

2.02
FORM TIES


A.
Form ties shall be commercially fabricated for use in form construction and shall be constructed so that ends or end fasteners can be removed without causing spilling at surfaces of the concrete.  Diameter on ends shall be 3/4 inch minimum to 1 inch maximum.  Embedded portion of ties shall be not less than 1 1/2 inch from face of concrete after ends have been removed.  Ties with built-in waterstops shall be provided in all walls that will be in contact with process liquid during plant operation and/or high ground water.

PART 3
EXECUTION

3.01 PREPARATION

A.
Preparation shall conform to the following:

1.
Before placing of either reinforcing steel or concrete, surfaces of forms shall be covered with an approved coating material that will effectively prevent absorption of moisture and prevent bond with concrete, will not stain concrete or prevent bonding of future finishes.  A field applied form release agent or sealer of approved type or a factory applied non absorptive liner may be used. 
2.
Excess form coating material shall not be permitted to stand in puddles in forms nor in contact with hardened concrete against which fresh concrete is to be placed.

3.
Temporary openings shall be provided at base of column and wall forms and at other points where necessary to facilitate cleaning and observation immediately before concrete is placed, and to limit height of free fall of concrete to prevent aggregate segregation.  

4.
Temporary openings, also called form “windows”, shall be used to limit height of free fall of concrete and to limit the lateral movement of concrete during placement.  Openings are required in walls placements greater than 20 feet in height and shall be spaced so that no more than 8 feet of solid form exists between openings measured horizontally and vertically. 
5.
Surfaces of forms, reinforcing steel and other embedded materials shall be cleaned of any accumulated mortar or grout from previous concreting and of all other foreign material before concrete is placed.

3.02 ERECTION


A.
Form erection shall conform to the following:

1.
Products shall be installed in accordance with manufacturer’s written instructions.

2.
Surfaces of columns, piers, walls, and in risers shall vary from plumb a maximum of 1/2 inch for entire height and 1/4 inch in 10 feet of height. Exposed corner columns, control-joint grooves, and other exposed to view lines shall vary from plumb a maximum of 1/2 inch for entire length and 1/4 inch in 20 feet of length. 

3.
Maximum variation from level or from grade shall be 3/4 inch for entire length, 3/8 inch for any bay or 20 foot length and 1/4 inch in 10 feet of length for slab soffits, ceilings, beam soffits and in arises, measured before removal of supporting shores and shall be 1/2 inch for entire length and 1/4 inch in 20 feet of length for exposed lintels, sills, parapets, horizontal grooves, and other exposed to view lines.

4.
Maximum variation of linear structure lines from established position in plan and related position of columns, walls, and partitions shall be 3/4 inch for entire length and 3/8 inch for any bay or 20 foot length.

5.
Maximum variation in size and location of sleeves, floor openings, and wall openings and variation in horizontal plan location of beam, column and wall centerlines shall be ( 1/2 inch

6.
Maximum variation in cross sectional dimensions of columns and beams and in thickness of slabs and walls shall be ( 1/2 inch and in concrete plan dimensions for footings and foundations shall be - 1/2 inch + 2 inches.

7.
Maximum misplacement or eccentricity of footings and foundations shall be 2 percent of footing width in direction of misplacement but not more than 2 inches.

8.
Specified thickness of footings and foundations may be decreased by up to 5 percent with no maximum increase except that which may interfere with other construction.

9.
Sufficient control points and benchmarks to be used for reference purposes to check tolerances shall be established and maintained in an undisturbed condition until final completion and acceptance of the Work.

10.
Regardless of tolerances listed, no portion of a structure shall be allowed to extend beyond the legal boundary of work site.

11.
To maintain specified tolerances, formwork shall be cambered to compensate for anticipated deflections in formwork prior to hardening of concrete.  Forms shall be sufficiently tight to prevent loss of mortar from concrete.

12.
A 3/4-inch chamfer strip shall be placed in exposed to view corner of form to produce a 3/4-inch wide beveled edge.

13.
At construction joints, contact surface of form sheathing for flush surfaces exposed to view over hardened concrete in previous placement shall be overlapped by at least 1 inch. Forms against hardened concrete shall be held to prevent offsets or loss of mortar at construction joint and to maintain a true surface.  Where possible, juncture of built-in-place wood or metal forms shall be located at architectural lines, control joints or at construction joints.

14.
Where circular walls are formed and forms made up of straight sections are proposed for use, straight lengths not exceeding 2 feet wide shall be provided for curved surfaces 25 feet or larger.  Formwork shall be braced and tied to maintain correct position and shape of members.  

15.
Wood forms for wall openings shall be constructed to facilitate loosening, if necessary, to counteract swelling.  Formwork shall be anchored to shores or other supporting surfaces of members so that movement of any part of formwork system is prevented during concrete placement.

16.
Runways for moving equipment shall be provided with struts or legs, supported directly on formwork or structural member without resting on reinforcing steel.

17.
A positive means of adjustment (wedges or jacks) of shores and struts and take up all settlement during concrete placing operation shall be provided. Forms shall be securely braced against lateral deflection.  Wedges used for final adjustment of forms shall be fastened prior to concrete placement in position after final check.

3.03 REMOVAL OF FORMS


A.
Removal of forms shall conform to the following:

1. No construction loads shall be supported on, nor any shoring removed from, any part of the structure under construction except when that portion of the structure in combination with remaining forming and shoring system has sufficient strength to safely support its weight and loads placed thereon.

2. When required for concrete curing in hot weather, required for repair of surface defects or when finishing is required at an early age, forms shall be removed as soon as concrete has hardened sufficiently to resist damage from removal operations or lack of support.

3. Top forms on sloping surfaces of concrete shall be removed as soon as concrete has attained sufficient stiffness to prevent sagging.  Any needed repairs or treatment required on such sloping surfaces shall be performed at once, followed by curing specified in Section 03 30 00.

4. Wood forms for wall openings shall be loosened as soon as this can be accomplished without damage to concrete.

5. Formwork for columns, walls, sides of beams, and other parts not supporting weight of concrete may be removed as soon as concrete has hardened sufficiently to resist damage from removal.

6. Where no reshoring is planned, forms and shoring used to support weight of concrete shall be left in place until concrete has attained its specified 28-day compressive strength.  Where a reshoring procedure is planned, supporting formwork may be removed when concrete has reached the concrete strength required by the formwork designer’s structural calculations.

7. When shores and other vertical supports are so arranged that non-load-carrying form facing material may be removed without loosening or disturbing shores and supports, facing material may be removed when concrete has sufficiently hardened to resist damage from removal.

3.04 RESHORING


A.
Reshoring shall conform to the following:

1.
No construction loads shall be supported on, nor any shoring removed from, any part of the structure under construction except when that portion of the structure in combination with remaining forming and shoring system has sufficient strength to safely support its weight and loads placed thereon.

2.
While reshoring is underway, no superimposed dead or live loads shall be permitted on the new construction.

3.
During reshoring, concrete in structural members shall not be subjected to combined dead and construction loads in excess of loads that structural members can adequately support.

4.
Reshores shall be placed as soon as practicable after stripping operations are complete but in no case later than the end of working day on which stripping occurs.

5.
Reshores shall be placed to carry their required loads without overstressing.

6.
Where no reshoring is planned, forms and shoring used to support weight of concrete shall be left in place until concrete has attained its specified 28 day compressive strength.  Where a reshoring procedure is planned, supporting formwork may be removed when concrete has reached the concrete strength by the formwork designer’s structural calculations.
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