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SECTION D


CONCRETE CONSTRUCTION 

1.
FOUNDATIONS
1.1
General


a)
All exterior walls and interior load bearing walls should be supported on reinforced concrete strip footings.  Interior  walls may be supported by thickening the slab under the wall and suitably reinforcing it.  The foundations should generally be located on a layer of soil or rock with good bearing characteristics.  Such soils would include dense sands, marl, other granular materials and stiff clays. 


b)
The foundation should be cast not less than 1' 6" to 2' 0" below ground, its thickness not less than 9" and its width not less than 24" or a minimum of three times the width of the wall immediately supported by it. (Fig. D-1).


c)
Where clays must be used as the foundation bearing material, the width of the footing should be increased to a minimum of 2' 6".


d)
The use of reinforced concrete wall stiffeners will require no widening of the foundation beyond the width being used under the walls.


e)
When separate reinforced concrete columns or concrete block columns are used they should be supported by square footings not less than 2'‑0" square and 12" thick.  (Fig. D-2).

1.2
Reinforcement 

a)
Reinforcement in the foundation is needed to ensure the continuity of the structure and it is especially useful in cases of bad ground or where the building may be subjected to earthquake forces.

   
b)
This Section, therefore describes the reinforcement needs for normal conditions. For compact dwelling houses of up to 600 square feet, constructed on firm soils or rock, foundations need not be reinforced. 


c)
The reinforcement used in this section is assumed to be deformed high yield steel bars which are commonly supplied in the OECS.


d)
For strip footings, the minimum reinforcement should consist of 2 No.4 (1/2") bars placed longitudinally and 1/2" diameter bars placed transversely at 12" centres. (Fig. D-3).


e)
For columns footings, the minimum reinforcement should be 1/2" diameter bars at 6" centres in both directions forming a 6" mesh. (See Fig. D-2).


f)
Where plain, round, mild steel bars are used, areas of steel should be increased by 60 percent.


g)
All bars may be suitably cranked at the ends. Lap lengths should be a minimum of 30 times the diameter of the bars being joined.

1.3
Alternative Footing for a Small Timber Building


a)
An acceptable arrangement for a foundation of a small timber building with a concrete or wood floor is shown in Figs. D-4 and D-5. This construction is suitable in reasonably stiff soils or marl. Where the building will be on rock, the thickness of the footing may be reduced, but timber buildings are very light and can easily be blown off of its foundations. Therefore the building must be  securely bolted to the concrete footing, and the footings must be heavy enough to prevent uplift. 

2.
REINFORCED CONCRETE

2.1
Materials


a)
Concrete should be manufactured from ordinary Portland cement, sand, stone and water.


b)
The cement must be fresh and contained in unopened sacks which have been well protected from moisture.


c)
The sands must be clean, natural sand, preferably taken from an inland source as the use of beach sand will not be allowed.



d)
The sand shall be free of clayey lumps, organic material, and broken shells.


e)
The coarse aggregate should be of crushed stone or gravel with a maximum size of 3/4". The aggregate shall be free of coating of dust. However, in certain areas only broken stone may be available. In these circumstances care must be taken to use stone as near to 3/4" as practicable.


f)
Only clean, potable water shall be used for the mixing of concrete. Galvanised reinforcing bars are recommended.

2.2
Mixing


a)
A concrete mix producing concrete with a compressive cube strength of 3,000 psi at 28 days or 2,400 psi at 7 days should be used. 


b)
The cement shall be added by the bag, the fine and coarse aggregates measured in cubic feet and water measured in gallons. 


c)
The approximate proportions normally required to produce such a mix are 1 bag of cement (94 lbs.), 2 cu. ft of sand, 4 cu. ft of stone and about 5 gallons of water. The maximum amount of water required is affected by any moisture which may be present in the aggregate. The quantity should, therefore, be reduced when the aggregate is wet.


d)
The ingredients shall be mixed by machine or by hand until no areas of unmixed materials are visible and a uniform colour is obtained. Machine mixing, however, is to be preferred.

2.3
Formwork


a)
The formwork into which the concrete is to be placed shall be strongly constructed of straight timber so braced that no move​ment or deformation is caused by the wet concrete and normal construction loads.


b)
The formwork shall have close fitting joints so that no fine aggregate, cement or water are lost through leakage. 

2.4
Steel Fixing


a)
Reinforcement steel, which is to be reasonably free of rust, is to be properly tied together by mild steel tying wire and the whole assembly so positioned within the formwork by spacer blocks, that the correct concrete cover to the steel is maintained. 


b)
Concrete should not be vibrated by direct contact between the vibrating instrument and reinforcing rod. The practice of vibrating the formwork is not the preferred way of vibrating concrete as it may displace the steel fixings and should be used with caution.


c)
Minimum recommended concrete covers are as follows:



Slabs:



3/4" (on internal sur​f​aces)



Beams: 


             1-1/2"



Columns: 
  

1/1-2"



Surfaces in contact 



with earth:


3"

c) 

(See Table 16-3 of the Building Code and Fig. D-16 A&B of these Guidelines)



d)
For the harsh environmental conditions in the OECS it is advisable to use galvanised reinforcing steel to avoid corrosion.

2.5
Splicing


The lap lengths for reinforcement should be a minimum of 35 bar diameters of the bars being joined. (See also Table D-7). It is advisable however to consult Sub-section 1606.4 of the Building Code for splices in slabs, beams and girders.  

2.6
Placing Concrete


a)
Concrete should be placed in forms that have been thoroughly cleaned to remove sawdust, bits of wood, wire and other debris.


b)
Transporting the concrete over long distances (unless special equipment is used) should be avoided as segrega​tion of the components may occur.


c)
All runways and routes between the mixer and the area where the concreting is to be carried out should be set up beforehand and kept clear, so that the placing of the concrete can proceed smoothly without interruptions. 


d)
The poured concrete is to be compacted in the formwork by vibration or rodding, so that a dense concrete is obtained. Where necessary chutes should be used to place concrete in tight areas such as column forms. 


e)
Where floor slabs or roof slabs cannot be poured in one operation, construction joints should be used. Professional help should be sought on the proper placing of the construction joints in sus​pended slabs.

2.7
Curing

a)
The optimum concrete strength is obtained by proper curing. To achieve this, the poured concrete must be kept moist by wetting over the first three days after pouring. Slabs may be covered with a layer of sand which is kept wet, and beams and columns may be wrapped in hessian (or similar material) which is kept wet.


b)
Proprietary curing compounds may also be used in accordance with the manufacturer's instructions.

2.8
Stripping of Formwork 


The side formwork may be removed from the fresh concrete in 24 hours. The bottom forms and props for suspended beams and slabs shall remain in place for not less than 14 days.

3.
CONCRETE BLOCK WALLS (Fig. D-6)

3.1
Hollow Concrete Blocks


a)
Concrete blocks used in walls should be sound and free from cracks and their edges should be straight and true.


b)
The nominal width of blocks for exterior walls and load bearing interior walls should be a minimum of 6 inches and the face shell a minimum thickness of 1". It is better to construct exterior walls of 8" thick concrete block.


c)
Non‑load bearing partitions may be constructed using blocks with a nominal thickness of 4" or 6".


d)
Where testing equipment is available, the contractor should ensure that individual blocks shall have a compressive strength of not less than 750 psi (on gross area) for general non-load-bearing purposes. The Caribbean Uniform Building Code recommends a minimum strength of 7N/mm2 (approx. 1025 psi) for load-bearing purposes .

3.2
Block Laying


a)
Blocks should be laid in half bond in courses which have been aligned using lines and levels.  (See Figure C-11).


b)
Walls at junctions and corners should be bonded to each other by reinforcement as well as interlocked in half bond.  However interlocking at Tee junctions is discouraged. All walls should be tied to columns or to reinforced corners every three courses. 


c)
Horizontal and vertical mortar joints should be an average thickness of 1/2" and must be properly filled with mortar.

3.3
Mortar


a)
Mortar should be made from one part by volume of ordinary portland cement to a maximum of 4 parts of clean sifted sand.  In some areas, mortar composed of cement, lime and sand is used. A proportion of 1 cement, 1 lime and 4 sand produces mortar of acceptable strength.


b)
Mortar should be mixed by mixer or by hand until the ingredients are thoroughly mixed (not less than 3 minutes by mixer).  A minimum amount of water should be added to the dry mixture to allow for workabili​ty. There should be no re‑mixing of mortar.  

d) Mixing of mortar should be done in a manner to allow all mortar mixed to be completely used up within one hour.

3.4
Reinforcement


a)
Blockwork walls should be reinforced both vertically and horizont​ally;  this is to resist hurricane and earthquake loads.  It is normal practice in most of the OECS to use concrete columns at all corners and intersections. Door and window jambs must be reinforced with a minimum of 2# 1/2" bars vertically, with an anchorage length of 2 feet beyond the edges.



All openings of 2 ft square or greater should be reinforced both horizontally and vertically with the anchorage lengths as stated above.


b)
It is recommended that for small buildings of 600 sq. ft. or less, the Director be requested to advise on the amount of reinforcement required.


c)
The recommended minimum reinforcement for concrete block construction is as follows:



i)
4# - 1/2" diameter bars at corners vertically.



ii)
2# - 1/2" diameter bars at junctions vertically.



iii)
2# - 1/2" diameter bars at jambs of doors and windows.



iv)
For horizontal wall reinforcement use "Dur a Wal" (or similar) or 1/4" bars every third course as follows:




4" blocks: 

1 bar




6" blocks:
 
2 bars




8" blocks:
 
2 bars



v)
For vertical wall reinforcement use 1/2" bars spaced as follows:




4" blocks: 

48"




6" blocks:

32"




8" blocks:

24"


d)
Reinforced block cores for 6" and 8" blocks shall be filled with 1:2:4 nominal mix concrete properly rodded, with concrete being added after the erection of three courses of blocks. Reinforced block cores for 4" blocks should be filled with grout or fine aggregate concrete as the work proceeds. 


e)
Concreting to block cores is to be stopped 1‑1/2" below the top of the block to form a key at joints. 

f) The wall reinforcement must be securely anchored in the wall footing below and the ring beam above. Horizontal reinforcement must be bedded in mortar and must be continuous through intersections and corners.

3.5
Ring Beams


a)
All walls should be finished at the top by a reinforced concrete ring beam no less than 8" (preferably 9") in depth.


b)
The minimum ring beam reinforcement for an 8" thick wall should be 4 # 1/2" diameter bars and 1/4" diameter stirrups at 9" centres. For a 6" thick wall the ring beam should be 9" deep with reinforcement of 2 - 1/2" dia. bars and 1/3" dia. links at 9" centres. (Fig D-6). 

3.6
Columns


a)
Columns should have minimum dimensions of 8" x 6" and may be formed by formwork on four sides or formwork on two sides with blockwork on the other two.


b)
The minimum column reinforcement should be 4# 1/2" diameter bars with 1/4" stirrups at 6" centres. (Fig D-7)


c)
A filled core column or poured concrete column should be placed full height to the belt course (ring beam) at each door jamb.

3.7
Lintels


a)
Reinforced concrete lintels must span all door and window opening and must be extended beyond the jambs not less than 8".


b)
The lintel should be 8" deep for openings no greater than 8 ft. 


c)
The reinforcement of such a lintel shall be 4# 5/8" diameter bars and 1/4" diameter stirrups at 6" centres.  (Two bars at the bottom and two at the top).


d)
Professional guidance should be sought where spans longer than 8 ft are involved.


Table D-1


Minimum Lap lengths for Steel Reinforcement

PRIVATE 
Bar Diameter (inches) 
Minimum Lap Length

1/4"
1' - 0"

3/8"
1' - 6"

1/2"
2' - 0"

5/8"
2' - 6"

3/4"
3' - 0"

Mesh
6"

3.8
Chasing 


Any vertical pipes or conduits should be installed within the walls during construction. The chasing of walls for the installation of services should be carefully controlled. Horizontal chases at any one level shall be restricted to 4'‑0" in length and only one side of the wall may be chased. Chasing should be done before the walls are plastered.  For more detailed information on chasing see  Section 15 of the Grenada Building Code.

4.
CONCRETE FLOORS (Figures 8, 9, and 10)

4.1
Materials


The concrete for floors shall be mixed, placed, compacted and cured in the same manner as described in Section B2.

4.2
Layout




a)
The concrete floor must be a minimum of 4" thick and be sup​ported on not less than 8" of compacted marl, gravel or approved granular material. It is recommended that the fill material needed be not more than 3'- 0" deep and be of well compacted selected material.


b)
Where fills greater than 3 feet are required, the floor should be constructed as a suspended reinforced conc​rete slab. This procedure will prevent cracking of the concrete floor slab due to imperfectly compacted fill.


c)
As a protection against flooding, the finished surface of the floor should be located not less than 12" above finished ground level. On a sloping site, the floor should be at least 12" above the ground at any point.

4.3
Damp Proof Course


a)
A damp proof course of 500 gauge polythene (visqueen) may be laid over the compacted floor foundation where moisture is present in the ground. This material must be used with caution as it is easily broken. This course will halt rising moisture and retain moisture in the wet conc​rete during the setting period so that proper curing is effected.


b)
Laps in the damp proof membrane should not be less than 6".


c)
Damp proofing of walls must be carried out with care and attention to all details, as minor breaks in the damp proofing membrane will encourage the passage of moisture which will subsequently damage the walls.

4.4
Reinforcement


a)
In order to inhibit cracking, the floor slab on grade should be reinforced with welded wire mesh No. A142 or similar 6" mesh. The mesh should be located 1" from the top of the slab and care must be taken during pouring that this location is maintained. 


b)
The mesh must be tied to the ground beams where such beams are used. Minimum laps in the mesh should be 6".

c) Suspended floor or roof slabs shall be reinforced as shown in Table D-2 and the reinforcement usually arranged as in Fig. D-12. 

d) Reinforcement in Suspended beams, including cantilever beams , and stairs are generally arranged as in figs. D-13, 14 and 15 respectively. A professionally qualified engineer should be consulted when spans  exceed  15'.0" in such members.

 4.5
Finishes

The slab should be floated immediately after pouring as this produces a durable surface. Alternatively, a sand-cement screed, not less than 3/4" thick may be applied to roughened surface of the concrete. The surface must be cleaned and washed before applying the screed. A screed of proportions 1 cement to 4 sand (by volume) would be suitable.

4.6
Services


All pipes and conduits for services must be laid before the floor reinforce​ment is placed and must be so arranged that the required concrete cover to the reinforcement is maintained.


Table D-2 


Typical Reinforcement for Simply Supported Slabs Spanning in One Direction

PRIVATE 
Slab Location
Span (feet)
Slab Thick​ness (inches)
Main Reinforce​ment
Distribution Steel

Domestic Floor
10 - 12
5
1/2" at 9" c/c
3/8" at 15" c/c

Office Floor
10 - 12
5-1/2
1/2" at 6"
3/8" at 12"

Small shop floor
10 - 12
5-1/2
1/2 at 8"
3/8" at 12"

Roof
10 - 12
4
1/2 at 9"
3/8" at 12"

Note:
Most structures within the scope of these Guidelines would have floor slabs on compacted granular material; but on sloping sites, floor slabs may have to be suspended. The reinforce​ment set out above will provide a safe suspended floor or roof. An experienced Engineer or Senior Planning Officer should be asked to advise on the size and placement of reinforcement for situations other than those described. See fig. D-12.

Spans greater than 12 feet must be designed by a professional qualified engineer.

5.
ROOFS

5.1
Materials


a)
In general, and for the types of buildings within the scope of these Guidelines, roofs are constructed with a struc​tural frame of timber, a timber slab or a secondary frame and one of a variety of roof cladding materials. 


b)
Reinforced concrete roofs may also be used. Where reinforced concrete roofs are used it is advisable that professional assistance be sought for spans greater than those shown tabulated in Table D-2  or spans supported differently. 


c)
The timber in roofs shall be well seasoned, sound and straight. Pressure treated timber to resist termite attack should always be used. Where pres​sure treated timber is not available and untreated timber is used, a proprietary wood preservative applied in accordance with the manufa​cturer's instructions must be applied. Under such circumst​ances permission for the use of untreated timber must be obtained from the Director.

5.2
Layout


a)
Timber roofs are generally constructed as one of three common types.  These are gable roofs, hip roofs or mono‑pitched roofs.


b)
The gable roof consists of a structural frame made up with a ridge beam and rafters.


c)
The minimum sizes of roof members should be ridge beam 2" x 6" and rafters 2" x 4" at 2'‑0" centres.  The same size rafters are to be used for mono - pitch (shed) roofs.


d)
In the case of the hip roof, hip rafters are intro​duced into the structural frame as shown.  (Fig C-7). The minimum size of the hip rafters should be 2" x 6". Table D-3 gives rafter sizes of main mem​bers constructed of standard yellow pine or pitch pine.


e)
The designer or builder may vary these sizes in accorda​nce with the type of timbers used but care must be taken to avoid sagging of the roof members or of the roof sheathing.


f)
The timber roof sheathing is generally constructed using 1" x 6" tongue‑and‑groove boarding, 5/8" plywood or other patented boarding such as Texture 1‑11.


g)
Where costs dictate, the sheathing may be replaced by a second​ary frame of 1" x 6" or 2" x 2" battens fixed to the rafters.


h)
There are a variety of roof coverings available and in common use.


i)
Where the cladding is corrugated galvanised sheeting its thickness should not be less than 24 gauge and timber battens or purlins must be used as supporting members.


j)
Where asphalt shingles and built up roofing are used, a solid timber sheathing is normally employed. 


k)
Aluminum sheeting is not recommended unless 22 gauge sheeting is available and unless the fixings supplied have been tested to withstand hurricane force winds. Aluminum fixings should be used.


Table D-3


Maximum Roof Width for Pitch Pine Rafters 


spaced not more than 2'‑0" c/c
PRIVATE 
Rafter Size (inches)
Maximum Roof Width (feet)

2 x 4
16

3 x 4
20

2 x 6
25

3 x 6
30

5.3
Fixings


a)
One of the most important aspects of roof construction is the fixings.


b)
The rafters must be securely fixed to the ring beam at the top of the walls and to the ridge beam at the crown of the roof.


c)
It is not recommended that rafters be built into the concrete ring beams and anchored with a 1/2" bar. This has been done often, but this detail would lead to proble​ms if the rafters have to be removed. A better detail is to fix the rafters to the wall plate which is bolted to the ring beam. 


d)
The use of patented hurricane clips for fixing rafters to plates, purlins and ridge beams is necessary.


e)
Corrugated sheeting should be nailed (with drive screws) to battens or purlins. The drive screws should be driven through each crown of the corrugation at the eaves and at the ridge and through every other corrugation elsewhe​re. A more hurricane resistant detail would be to use valley fixings where such patented fixings are available.


f)
Drive screws should have large heads or 3/4" diameter washers. They should be twisted and galvanised.


g)
Where asphalt shingles are used, they should be fixed using the proper adhesives in accordance with the manufacturer's instruct​ions. Plywood sheeting underlay should be screwed to the purlins or rafters and at spacing of not less than 2'-0".


h)
Where pitch pine boards are used as sheeting underlay, the timber should be secured at each purlin by at least two galvanised nails at least 1-1/2" long (for a 1/2" thick board).


i)
In larger buildings such as halls or shops with large spans, it is recommended that roof ventilators be installed to reduce the pressure that may build up under the roof. The ventilators will make the roof more resistant to hurricane forces.

SECTION D - FIGURES

Notes:

1)
Drawings are schematic and not necessarily to scale.

2)
Where dimensions are metric, they can be converted to imperial dimensions as follows:


6 mm

=
1/4 inch


10 mm

=
3/8 "


12 mm

=
1/2 "


20 mm

=
3/4 "


25 mm

=
1"

3)
Roof slopes where not shown should be a minimum of 25 degrees.

4)
Specifications for reinforced concrete and for mortar are given in these Guidelines and in the Grenada Building Code.

5
Where trade names such as "A142" mesh and "Dur a Wal" are used, other materials of similar (or better) specifications can be used.
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