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TECHNICAL SPECIFICATIONS
STRUCTURAL
January 2020

1.1 OVERVIEW - GENERAL DESCRIPTION OF WORK:

The following specifications are for the Construction of one primary school building for boys and girls as
per governing codes. However, the specified codes sections in these technical specs referred of ICC, ASCE,
ACI, NEC or any other international codes compliance supersedes the client approved code adaptation and
RFP specified and submitted Bill of Materials.

1.2 LOCATION OF THE WORK:
The project 10Cates N ........ecoveveeeeuirenereniceersnesenene.

1.3 GOVERNING CODES:

e International Building Code - 2009 Edition - IBC2009

e Manual of Standard practice for Detailing Reinforced Concrete Structures - ACI-315
e Specifications for Structural Concrete for Buildings - ACI-301

e  Concrete Measuring, Mixing, Transporting, etc. - ASTM-C94

e Recommended practice for Concrete Formwork - ACI-347

e International Mechanical Code — 2009 Edition — IMC 2009

e International Energy Conservation Code — 2009 Edition — IECC 2009

e National Electrical Code 2008 (NEC) — NFPA 70

e Life and Safety Code - NFPA 101

e Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA) Standards
e National Electrical Manufacturers Association (NEMA)
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1.4 Formwork:

1.4.1 System Description:

In the selection of materials for formwork, the three general principles of quality, safety and economy must
be paramount. Material quality can ensure safety, and significantly contributes to the achievement of
economy. Formwork failure can result in loss of life and always causes catastrophic financial loss.

Some general guidelines can be given for form face and framing materials, and for the associated
components. These can be covered under the headings of

e Strength

e  Stiffness

e Impact Resistance
e Durability

e  Weight

e  Accuracy
e  Compatibility
e Insulation

1.4.1.1 Strength:

The material strength must be adequate to resist the forces anticipated. This is not only a structural design
requirement, but also an essential safety aspect.

1.4.1.2 Stiffness:

The structural movement under load must be small and predictable. These deformations and deflections
can be a significant part of the total deviations in the formed concrete surface. When the formwork designer
is planning the formwork system, decisions must be made on the total deviation that will be acceptable, and
to what extent workmanship errors and structural deformation will each contribute to this. To ensure that
the total deviations do not exceed the tolerances, the material stiffness and the workmanship accuracy must
be consistent.

1.4.1.3 Impact Resistance:

The forms must be built to ensure that the damaged form, although unserviceable, does not generate falling
debris. It follows, that the way in which the formwork materials fails, will determine this. To comply with
this important safety aspect, materials exhibiting ductile failure are far superior to those that fail in a
precipitate and brittle manner.

1.4.1.4 Durability:

In the interests of economy, and the achievement of quality concrete product at each reuse of the formwork,
its materials must be durable. Formwork is almost always built and used out in the open. Between re-uses,
its materials and components are commonly stored out in the weather. Ideally, framing, components and
form face materials should be resistant to the ravages of the environment. They should have a slow rate of
deterioration under the effects of sun, wind and rain. Their resistance to deterioration can be enhanced by
proper care and maintenance. Material durability is not only important for the achievement of good quality
concrete surface finishes, but also to ensuring that formwork structures are always safe.

1.4.1.5 Weight:

In the assembly of formwork, most individual members and components are moved into position by hand.
This occurs even when the completed formwork assembly is so heavy that it can only be moved and
positioned by crane. Ideally, for efficiency and economy, framing members, formwork components and form
face materials, should be sized such that their weight is within the lifting ability of one form worker. If the
weight exceeds that which can be carried by two personnel, crane handling is called for. The next level of
formwork weight restrictions is set by the lifting limitations of the on-site crane.
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1.4.1.6 Accuracy:

For economy, it should be possible to assemble formwork with the minimum of fitting and cutting of
materials. Consistency of size of materials, plywood sheets and framing members, is important to this aim.
The accuracy of plywood sheets and the sizing of timbers for consistent dimensions are discussed later in
this chapter.

1.4.1.7 Compatibility:

The materials of the formwork must not be incompatible with either the fluid concrete or the hardened
concrete. At the form face the constituents of the form materials must not react with the hydrating cement
of the concrete. For example, some timbers contain wood sugars that break down the cement. After the
concrete hardens some timbers, such as eucalypts, can severely stain the concrete. When water runs over
this timber and onto the concrete, dark brown stains usually results.

1.4.1.8 Insulation:

Extremes of heat and cold present problems in the choice of form materials and their protection. The rate
of setting of concrete and subsequent strength gain is slowed by low temperatures, and if the water in the
mix becomes frozen, the formation of ice will destroy the chemical bonding within the concrete matrix. In
situation where concrete must be placed at low temperatures, aggregate storage bins and mixing water can
be heated to produce warm concrete that will not cool during the initial setting period, while its own
internal heat builds up.

For all forms, the placing of the fluid concrete, particularly with crushed rock aggregate, can cause some
abrasive damage to the form face at first use and each reuse. When the concrete has hardened, the forms
are stripped, and this can contribute to surface damage. Abrasion will occur if the forms are permitted to
slide on the concrete face.

Secondly moisture absorption at the form face must be minimized. Moisture loss from the concrete into the
form face causes hydration staining of the concrete, with severely darkened surface patches. For high
quality concrete surfaces, where colour control is specified, this is totally unacceptable. For any concrete
surface, hydration staining means poor cement hydration, weak concrete and low surface durability.

The design, engineering, and construction of the formwork is the responsibility of the Contractor.
Contractor shall design formwork in accordance with methodology of ACI-347 for anticipated loads, lateral
pressures, and stresses, and capable of withstanding the pressures resulting from placement and vibration
of concrete. Monitor the adequacy of formwork design and construction prior to and during concrete
placement as part of the Contractor's approved Quality Control Plan.

1.4.3 Form Releasing Agents:

Form releasing agents shall be commercial formulations that will not bond with, stain or adversely affect
concrete surfaces. Agents shall not impair subsequent treatment of concrete surfaces depending upon bond
or adhesion nor impede the wetting of surfaces to be cured with water or curing compounds. If special form
liners are to be used, the Contractor shall follow the recommendation of the form coating manufacturer.

1.4.4 Installation:

Forms shall be constructed true to the structural design and required alignment. Forms shall be mortar
tight, properly aligned and adequately supported to produce concrete surfaces meeting the surface
requirements and conforming to construction tolerance. Continuously monitor the alignment and stability
of the forms during all phases to assure the finished product will meet the required surface specified.
Failure of any supporting surface either due to surface texture, deflection or form collapse shall be the
responsibility of the Contractor as will the replacement or correction of unsatisfactory surfaces. Where
concrete surfaces are to have an exposed finish, joints in form panels shall be arranged as approved. When
forms for continuous surfaces are placed in successive units, care shall be taken to fit the forms over the
completed surface to obtain accurate alignment of the surface and to prevent leakage of mortar. Forms shall
not be re-used if there is any evidence of defects which would impair the quality of the resulting concrete
surface. All surfaces of used forms shall be cleaned of mortar and any other foreign material before reuse.
Form ties that are to be completely withdrawn shall be coated with a non-staining bond breaker.
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All exposed joints, edges and external corners shall be chamfered by molding placed in the forms unless the
drawings specifically state that chamfering is to be omitted or as otherwise specified. Chamfered joints
shall not be permitted where earth or rock-fill is placed in contact with concrete surfaces. Chamfered joints
shall be terminated 300 mm outside the limit of the earth or rock-fill so that the end of the chamfers will be
clearly visible. Forms for exposed finished surfaces shall be coated with a form releasing agent before the
form or reinforcement is placed in final position. The coating shall be used as recommended in the
manufacturer's printed or written instructions

Forms and embedded items shall be inspected in sufficient time prior to each concrete placement in order
to certify to the Contracting Officer that they are ready to receive concrete.

1.4.5 Form Removal:

Forms shall not be removed without approval. The minimal time required for concrete to reach a strength
adequate for removal of formwork without risking the safety of workers or the quality of the concrete
depends on a number of factors including, but not limited to, ambient temperature, concrete lift heights,
type and amount of concrete admixture, and type and amount of cementations material in the concrete. It
is the responsibility of the Contractor to consider all applicable factors and leave the forms in place until it
is safe to remove them. Evidence that concrete has gained sufficient strength to permit removal of forms
shall be determined by tests on control cylinders. All control cylinders shall be stored in the structure or as
near the structure as possible, so they receive the same curing conditions and protection methods as given
those portions of the structure they represent.

Formwork for walls, columns, sides of beams, gravity structures, and other vertical type formwork not
supporting the weight of concrete shall not be removed in less than 24 hours after concrete placement is
completed. Formwork supporting weight of concrete and shoring shall not be removed until structural
members have acquired enough strength to safely support their own weight and any construction or other
superimposed loads to which the supported concrete may be subjected.

1.4.5.1Time for removal of Formwork:

In normal circumstances (generally where temperature is above 20C), and where ordinary cement is used,
forms may be struck after expiry of following periods depending upon the type of structural member.

S.No | Structural Member Time of Removal
1 Walls, columns and vertical sides of beam 24-48 hours

2 Slabs (props left under) 3 days

3 Beam soffits (props left under) 7 days

4 Removal of props to slabs - Span<=4.5m - Span > 4.5m 14 days

5 Removal of props to beams and arches - Span<=6m - Span >6m 21 days

2 CASTIN PLACE CONCRETE:

2.1 Concrete Mix Design:

Thirty days minimum prior to concrete placement, the contractor should submit a mix design for each
strength and type of concrete. Submit a complete list of materials including type; brand; source and amount
of cement, fly ash, pozzolans, ground slag, and admixtures; and applicable reference specifications. Provide
mix proportion data using at least three different water-cement ratios for each type of mixture, which
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produce a range of strength encompassing those required for each class and type of concrete required. If
source material changes, resubmit mix proportion data using revised source material. Provide only
materials that have been proven by trial mix studies to meet the requirements of this specification, unless
otherwise approved in writing by the Contracting Officer. Indicate clearly in the submittal where each mix
design is used when more than one mix design is submitted.

2.2 Portland Cement:

Provide cement that conforms to ASTM C 150/C 150M, Type I, IA, II, or II-A. Use one brand and type of
cement for formed concrete having exposed-to-view finished surfaces.

2.3 Water:

Minimize the amount of water in the mix. The amount of water must not exceed 45 percent by weight of
cementations materials (cement + pozzolans), and in general, improve workability by adjusting the grading
rather than by adding water.

2.4 Aggregates:

Furnish aggregates for exposed concrete surfaces from one source. Provide aggregates that do not contain
any substance which may be deleteriously reactive with the alkalizes in the cement. Uniformly graded and
as follows: Nominal maximum aggregate size of 25 mm. A combined sieve analysis must indicate a well
graded aggregate from coarsest to finest with not more than 18 percent and not less than 8 percent retained
on an individual sieve, except that less than 8 percent may be retained on coarsest sieve and on No. 50
(0.3mm) sieve, and less than 8 percent may be retained on sieves finer than No. 50 (0.3mm). Provide sand
that is at least 50 percent natural sand.

2.5 Delivery:

Do not deliver concrete until vapor barrier, forms, reinforcement, embedded items, and chamfer strips are
in place and ready for concrete placement. Protect materials from contaminants such as grease, oil, and dirt.
Ensure materials can be accurately identified after bundles are broken and tags removed. Batching
equipment must be such that the concrete ingredients are consistently measured within the following
tolerances: 1 percent for cement and water, 2 percent for aggregate, and 3 percent for admixtures. Furnish
mandatory batch ticket information for each load of ready mix concrete.

Reduce mixing time and place concrete within 60 minutes if the air temperature is greater than 29 degrees
C (84 degrees F) 84 degrees F except as follows: if set retarding admixture is used and slump requirements
can be met, limit for placing concrete may remain at 90 minutes. Additional water may be added, provided
that both the specified maximum slump and water-cement ratio are not exceeded. When additional water
is added, an additional 30 revolutions of the mixer at mixing speed is required.

Transport concrete from the mixer to the forms as rapidly as practicable. Prevent segregation or loss of
ingredients. Clean transporting equipment thoroughly before each batch. Do not use aluminum pipe or
chutes. Remove concrete which has segregated in transporting and dispose of as directed.

2.6 Execution:

Do not begin installation until substrates have been properly constructed; verify that substrates are plumb
and true. If substrate preparation is the responsibility of another installer, notify Architect/Engineer of
unsatisfactory preparation before processing. Check field dimensions before beginning installation. If
dimensions vary too much from design dimensions for proper installation, notify Architect/Engineer and
wait for instructions before beginning installation.

Surfaces against which concrete is to be placed must be free of debris, loose material, standing water, snow,
ice, and other deleterious substances before start of concrete placing. Remove standing water without
washing over freshly deposited concrete. Divert flow of water through side drains provided for such
purpose.

Place concrete as soon as practicable after the forms and the reinforcement have been inspected and
approved. Do not place concrete when weather conditions prevent proper placement and consolidation; in
uncovered areas during periods of precipitation; or in standing water. Prior to placing concrete, remove
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dirt, construction debris, water, snow, and ice from within the forms. Deposit concrete as close as
practicable to the final position in the forms. Do not exceed a free vertical drop of 1 m from the point of
discharge. Place concrete in one continuous operation from one end of the structure towards the other.
Position grade stakes on 3 m centers maximum in each direction when pouring interior slabs and on 6m
centers maximum for exterior slabs.

Deposit concrete continuously or in layers of such thickness that no concrete is placed on concrete which
has hardened sufficiently to cause formation of seams or planes of weakness within the section. If a section
cannot be placed continuously, provide construction joints as specified. Perform concrete placing at such a
rate that concrete which is being integrated with fresh concrete is still plastic. Deposit concrete as nearly
as practical in its final position to avoid segregation due to re-handling or flowing. Do not subject concrete
to procedures which cause segregation. Concrete to receive other construction must be screened to proper
level to avoid excessive skimming or grouting. Do not use concrete which becomes non-plastic and
unworkable or does not meet quality control limits as specified or has been contaminated by foreign
materials. Use of re-tempered concrete is permitted. Remove rejected concrete from the site.

Concrete for footings may be placed in excavations without forms upon inspection and approval by the
engineer in charge. Excavation width must be a minimum of 100 mm greater than indicated on the drawing.

2.6.1 Sub-grade under Foundations and Footing:

When sub-grade material is semi-porous and dry, sprinkle sub-grade surface with water as required to
eliminate suction at the time concrete is deposited. When sub-grade material is porous, seal sub-grade
surface by covering surface with specified water barrier sub-grade cover; this may also be used over semi-
porous, dry sub-grade material instead of water sprinkling.

2.7 Pumping:

Pumping must not result in separation or loss of materials nor cause interruptions sufficient to permit loss
of plasticity between successive increments. Loss of slump in pumping equipment must not exceed 50 mm.
Do not convey concrete through pipe made of aluminum or aluminum alloy. Avoid rapid changes in pipe
sizes. Limit maximum size of coarse aggregate to 33 percent of the diameter of the pipe. Limit maximum
size of well-rounded aggregate to 40 percent of the pipe diameter. Take samples for testing at both the
point of delivery to the pump and at the discharge end.

2.8 Vibration:

Furnish a spare, working, vibrator on the job site whenever concrete is placed. Consolidate concrete slabs
greater than100 mm in depth with high frequency mechanical vibrating equipment supplemented by hand
spading and tamping. Consolidate concrete slabs 100 mm or less in depth by wood tampers, spading, and
settling with a heavy leveling straightedge. Operate internal vibrators with vibratory element submerged
in the concrete, with a minimum frequency of not less than 6000 impulses per minute when submerged. Do
not use vibrators to transport the concrete in the forms. Insert and withdraw vibrators approximately 500
mm apart. Penetrate the previously placed lift with the vibrator when more than one lift is required. Place
concrete in 500 mm maximum vertical lifts. Use external vibrators on the exterior surface of the forms
when internal vibrators do not provide adequate consolidation of the concrete.

2.9 Placing Concrete in Forms:

Deposit concrete placed in forms in horizontal layers not exceeding 600 millimeter. Remove temporary
spreaders in forms when concrete placing has reached elevation of spreaders. Consolidate concrete placed
in forms by mechanical vibrating equipment supplemented by hand spading, rodding, or tamping. Design
vibrators to operate with vibratory element submerged in concrete and maintain a speed of not less than
9,000 impulses per minute when submerged in concrete. Provide vibrating equipment adequate in number
of units and power of each unit to properly consolidate concrete. Vibration of forms and reinforcement is
not permitted. Do not use vibrators to transport concrete inside forms. Insert and withdraw vibrators
vertically at uniformly spaced points not farther apart than visible effectiveness of machine. Do not insert
vibrator into lower courses of concrete that have begun to set. At each insertion, limit duration of vibration
to time necessary to consolidate concrete and complete embedment of reinforcement and other embedded
items without causing segregation of concrete mix. Do not start placing of concrete in supporting elements
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until concrete previously placed in columns and walls is no longer plastic and has been in place a minimum
of 2 hours.

2.10 Placing Slabs Concrete:

Place and consolidate concrete for slabs in a continuous operation, within the limits of approved
construction joints until placing of panel or section is completed. During concrete placing operations,
consolidate concrete by mechanical vibrating equipment so that concrete is worked around reinforcement
and other embedded items and into corners. Consolidate concrete placed in beams and girders of supported
slabs and against bulkheads of slabs on ground by mechanical vibrators as specified. Consolidate concrete
in remainder of slabs by vibrating bridge screeds, roller pipe screeds, or other approved method. Limit
consolidation operations to time necessary to obtain consolidation of concrete without bringing an excess
of fine aggregate to the surface. Concrete to be consolidated must be as dry as practical and surfaces thereof
must not be manipulated prior to finishing operations. Bring concrete correct level with a straightedge and
struck-off. Use bull floats or derbies to smooth surface, leaving it free of humps or 