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Earth block walling
Worksection application

This worksection deals with walling of straw-reinforced, sun-dried earth blocks (adobe), both stabilised and unstabilised. It does not address monolithic stabilised earth walling, compressed blocks (e.g. Cinva ram) and lightly-burnt blocks.

Related material located elsewhere in NATSPEC

Related material may be found in other worksections. For example:

· Monolithic stabilised earth walling.

Worksection(s) on which this worksection relies

The following worksections must be included, with this worksection, to provide a complete specification:

· General requirements.

Material not included in NATSPEC

Some projects may include items not covered by NATSPEC. For these you may need to create new text, modify this text or use an applicable worksection. For example:

· Monolithic stabilised earth walling.

· Compressed block.

· Lightly burnt blocks.

Worksection cross referencing

Other worksections that cross reference this worksection are:

· None.

Documenting this and related work

You may document this and related work as follows:

· Show reinforcement, if required, on the drawings.

1 General
List worksections cross referenced by this worksection. (General requirements references the other general worksections e.g. Metals and prefinishes do not repeat them here.) You may also wish to direct the contractor to other worksections where there may be work that is closely associated with this work.

1.1 Inspection
Notice

Give sufficient notice so that inspection may be made of the following:

· Forms for blocks prior to casting blocks.

· Completed blocks prior to use.

· Damp-proof courses, in position.

· Built-in items, in position.

Hold points, if required, should be inserted here.

1.2 Tests

Unit sampling

Rate: For each test, sample units at the rate of 1 per 500, randomly selected.

Vary to suit. Alternatively use sampling on the basis of wall volume e.g. 1 unit per 25 – 100 m3 of wall.

Unit tests

-Satisfactory units do not warp, curl or crack as they dry/cure. They do not chip or break off at corners when moved, will withstand 10 – 15 min of light to moderate rain with little or no erosion or washing, and are of uniform colour when broken in half.

Dry density: Field or laboratory test for block in the range of 1200 – 2000 kg/m3.
Refer to SAA HB195 Appendix A (3.1 or 4.1).

In Boulder and New Mexico, this is called modulus of rupture. SAA HB195 also calls it flexural strength.

The test given in CSIRO Bulletin 5 Appendix D is regarded as too severe.

Absorption:

· Application: Stabilised units for maximum absorption of 2.5% by weight.
· Sample size: 100 mm cube, cut from a sample unit.

Dimensional accuracy:

· Confirm size of block is within an acceptable range of variance not greater than10mm per 300mm length of block.
Robustness: Unit must remain intact, but corner chipping is permitted, consistent with the unit remaining suitable for wall construction.

Defects:

Would be expected to vary for units with or without straw.

· Breakages (maximum): 50 x 50 x 50 mm broken off per unit.

· Cracks (maximum): 75 mm long, 3 mm wide, 5 mm deep.

1.3 Samples
General

Colour and texture: Supply sample units indicating the range of likely variation. Label, and store on site under cover when accepted.

· Number: 4.

· Size: Full size.

Facework: Provide a sample panel.

· Size (minimum): 900 mm long x 600 mm high.

· Location to be determined on site.
A sample panel may be required by relevant approval authority. AS 3610 Table 3.4.1 advises that test panels are optional for untreated surfaces, but to be specified for colour control and for treated surfaces. See also AS 3610 clause 3.6 on test panels.

1.4 Tolerances

Tolerances

Conform to the Tolerances table.

Tolerances Table
	Property
	Tolerance criteria: Permitted deviation (mm)

	Horizontal position of any earth wall element specified or shown in plan at its base or at each storey level
	45 mm

	Deviation with a storey from a vertical line through the base of the member
	35 mm per 3 m of height

	Deviation from vertical in total height of building (from base)
	40 mm

	Relative displacement between loadbearing walls in adjacent storeys intended to be in vertical alignment
	40 mm

	Deviation (bow) from line in plan in any length up to 10 m
	Single curvature: 45 mm

	Deviation from design wall thickness
	- 20 mm, + 40 mm


The values given are taken from SAA HB195 Table 3.3. Vary as required.

2 Products
2.1 Materials

When tested on a 600 mm long mould.

Soil particle sizes

Sand: 0.06 – 2.0 mm.

Coarse aggregate: 2.0 – 25 mm.

The range is 2 – 20 mm in AS 1289.3.6.1 for medium and fine gravel.

Soil particle size distribution

-Mixes are not traditionally specified – instead tests are specified for the finished units, as a way of trialling the various mixes before production starts. Choose one or the other method.

From Boulder, but 2% in New Mexico. Includes sulphates.

Organic content: < 2%.

Clay and silt content: 10 – 30%.

For soils used in straw-reinforced earth blocks. Vary for cement stabilised blocks e.g. clay content: up to 25%; silt content: 15 – 20%. Basically, it must be sufficient to bind the particles together.

Sand and coarse aggregate content: 30 – 80%.

For soils used in straw-reinforced earth blocks. Vary for cement stabilised blocks e.g. 45 – 80%.

Water

Clean, fresh, free from impurities.

-Brackish water will crystallise on the surface of the units.

Crack-control agent

Straw:

· Length: 40 – 60 mm.

· Ratio: 5 kg to 30 kg of straw/m3 of soil.

-From CSIRO Bulletin 5 clause 5.1 and SAA HB195. Traditional shrinkage crack-control agents include straw, horse hair, or pine needles. Not required for cement stabilised soil.

Stabilising agent

-Delete if the blocks are not to be stabilised.

Type: Cement.

Standard: Cement shall conform to the requirements of ASTM specification C-150 Type 1 or similar approved standard for normal Portland cement.

-Cement is a common stabiliser in Australia and is used with soils that lack sufficient cohesion.

-Portland cement hardens the mix, but doesn’t waterproof it.

-Other stabilising agents used include bituminous emulsion which makes the mix more water resistant by coating the clay particles, clay and lime (not recommended as colloidal strength is reduced, as it is if too much cement is added).

Mortar

Earthen mortar: Same mix as for the units, but with added sand, and no straw or particles over 6 mm. Thoroughly soak and mix to prevent clay-balling.

This is the recommended mortar type, according to CSI. The mortar should be weaker than the earth blocks, so that cracking runs through the joints, which are easier to repair. See also Boulder, and CSIRO Bulletin 5 clause 5.3. Cement-based mortar is not recommended, according to CSI. Boulder and New Mexico permit both earthen and cement-lime-sand mortars.

-Cement-based mortar is often used by commercial block layers, according to the Earth Building Association of Australia.

Water repellent additive may be added to improve water resistance. Provide a submission to the Employers Representative for approval.
The use of water repellent additive such as KR2 makes unnecessary the application of a water repellent to the finished walling and gives better overall performance.

2.2 Components

Damp-proof courses

Material: Embossed Polythene sheeting. Install sheeting at base of all walls to stop moisture rising up wall structures.
Alternatively, bitumen coated aluminium, copper or copper alloys, lead or zinc sheeting.

Masonry units

-Off-the-shelf adobe units are available in some parts of Australia, even so, because of their weight and relative fragility they are usually made locally.

Formed size (h x w x l): 100 x 250 x 350 mm unless approved otherwise by the Employers Representative.

This is a common size - they weigh 14 – 16 kg each. CSIRO Bulletin 5 clause 5.2 recommends length 1.5 x width. The recommended upper limit for safe manual handling is 16-20 kg (See NOHSC 2005 National Code of Practice for Manual Handling). Size chosen should suit wall thickness, bearing in mind that thick walls can be made using thin blocks.

CSIRO Bulletin 5, Boulder, AEBH, CSI and New Mexico concur. Except that New Mexico sets a maximum length of 50 mm. CSIRO Bulletin 5 clause 2.4.2 stipulates a maximum depth of 5 mm in one place, and 10 mm in another. The text defaults to the more stringent.

Nailing blocks

Solid timber, or hollow timber box filled with earthen mortar. Timber unseasoned or thoroughly pre- wetted.

-For partitions, and for door and window jambs, cabinets etc. See CSIRO Bulletin 5 figure 1.6 for alternatives. Use of moist timber overcomes problems with timber expanding in situ.

Steel components, including reinforcement

All steel components to be galvanised for maximum durability after incorporation into the structure.
AS 3700 clause 5.5, Table 1 defines ratings R0 – R4. Vary to suit.

Or ladder type, according to CSI. Only required in non-earthquake areas. Delete accordingly.

Preferably show any required reinforcement on the drawings.

Window and Door lintels
Lintels: Use steel, concrete or timber lintels in accordance with the manufacturers’ technical literature or conform to the Steel angle and T-lintels table.

Preferably show on the drawings and delete this subclause.

-Lintels may also be reinforced concrete, reinforced masonry, epoxy-coated steel, or treated/durable timber.

-As an alternative to individual lintels, use a continuous reinforced concrete lintel all around the building e.g. in cyclonic or earthquake-prone areas. Show on the drawings.

Steel Angle and T-Lintels Table
	Maximum span (mm)
	Wall height above ( 600 mm
	Wall height above > 600 mm, ( 1800 mm

	
	Angle lintel size
	T-Lintel dimensions:

H x W x T (mm)
	Bearing min. (mm)
	Angle lintel size
	T-Lintel dimensions:

H x W x T (mm)
	Bearing min. (mm)

	1000
	Two 75 x 50 x 5 Unequal angles
	81 x 150 x 6
	100
	Two 125 x 75 x 8 Unequal angles
	136 x 150 x 6
	200

	2000
	Two 100 x 75 x 6 Unequal angles
	136 x 150 x 6
	150
	Two 150 x 90 x 8 Unequal angles
	156 x 150 x 6
	200

	2400
	Two 125 x 75 x 8 Unequal angles
	156 x 150 x 6
	150
	Two 150 x 90 x 10 Unequal angles
	160 x 150 x 10
	250

	2800
	Two 150 x 90 x 8 Unequal angles
	158 x 150 x 8
	200
	Two 150 x 100 x 10 Unequal angles
	210 x 200 x 10
	300

	3000
	Two 150 x 90 x 10 Unequal angles
	160 x 150 x 10
	200
	Two 150 x 100 x 12 Unequal angles
	210 x 200 x 10
	300


The table assumes that the lintels are in walls as follows:

· 400 mm maximum thick.

· Upper storey or single storey openings.

· In non-cyclone areas.

· Supporting ceiling/roof framing of span less than 8 m with combined dead and live load not exceeding 1.15 kPa.

Timber lintels

Size: Width of the wall and in conformance with the Timber lintels height table.

Grade: To the approval of Employers Representative.

Bearing: 300 mm (minimum).
Timber Lintels Height Table
	Maximum span (mm)
	Lintel height (mm)

	1200
	150

	1800
	150

	2400
	200

	3000
	250


Assumed conditions for timber lintels are:

· Upper or single storey construction in non-cyclonic wind speed area.

· Light timber roof of maximum span no greater than 8 m.

· Extent of earth wall above lintel no greater than 600 mm.

· No openings in earth wall directly above lintel.

· Lintel subject to uniformly distributed loads only.

Timber fixing plates

Size: 200 x 50 mm (minimum).
Holding-down bolts

Type: 10 mm diameter threaded rod.

See CSIRO Bulletin 5 Figure 1.4 for alternatives. Design required for earthquake and cyclonic conditions.

The BCA Housing Provisions limit earthwalls to design wind speed W41, and to earthquake design category H1 and H2.

Termination: Horizontal 5 x 100 x 200 mm steel plate, weld-fixed, or with nuts.

Vary to suit.

Depth of embedment:

· Length (minimum): 450 mm.

Depends on lateral loads and uplift from roof. Check adequacy of this length and vary to suit.

3 Execution
3.1 Fabrication

Mixing

General: Moisten soil to liquid limit. Leave pit-mixed mud wet overnight.
Pot-mixed mud can be left for up to a week.

Stabilising: Add cement at 2.5 – 15% by mass.

From SAA HB195, which also gives figures for bitumen and other stabilisers. Vary as required.

Crack control: Add straw at 5 – 30 kg/m3.

Hot weather: If placement of walling is to proceed when surrounding outdoor shade temperature exceeds 32ºC, submit proposal.

Forming

Press mix into forms on a bed of sand on the ground or on concrete. Lift forms vertically and wash. Do not move units until cured.
-Forms may be soaked or oiled timber, or oiled steel or steel-lined timber.

Curing

General: Sun-dry the units for more than 7 days in situ (under shelter in hot, dry weather) after forming. Then tip the units on one side and sun-dry in situ for another 7 days.

Cement stabilised: Cover blocks with plastic sheet for at least 24 hours after casting.
Storage

Stack cured units close to point of use on boards off the ground. Stack on edge, 2 – 3 rows high. Orient stacks for equal exposure to sun and wind on both faces. Protect the tops of stacks against the weather.
3.2 Laying units

General

Drying: Do not lay units until they are dry and at least 28 days after forming.
Unstabilised units: Sprinkle with water before laying. Relay disturbed units in fresh mortar.

Temperature: Do not lay when ambient temperature is or is expected to be < 5(C within 48 hours of placement. Do not lay on frozen materials.

Daily progress: Establish leads at corners. Step back incomplete walls, do not tooth. Cover incomplete work at the top. Lay a maximum of 500 – 700 mm height per day.

To prevent compression of the joints.

Voids at dissimilar materials: Fill with earthen mortar.

Protection: Protect tops of walls from rain until the roof is in place.

Joints

Bedding: Full flush type, with no open head joints.
Or, with partially open head joints, if the surface is to be rendered, from New Mexico. Amend to suit.

Bond: Running bond. Overlap units 100 mm.

Type: Flush, 13 – 19 mm thick. Tool concave at exposed surfaces. Remove excess mortar.

Control joints:

· Spacing as identified on drawings.
To SAA HB195 Figure 3.3. Best shown on a drawing.

Protection

Unstabilised units: Do not locate unstabilised units within 100 mm of adjacent floor levels, within 225 mm of adjacent ground levels, within 100 mm of the top of unenclosed walls and parapets, around roof drains, and in other areas where there is risk of moisture.
-Walls on concrete floors are prone to damage from moisture either during construction, or later. They should be on a plinth of concrete or brick.

3.3 Damp-proof courses

Location

At the base of the earth walls above footings or slab (plinth).
Preferably show on the drawings.

Walls on slabs

Finish flush with outer face of slab and inner face of wall. Upturn on inside behind skirting and downturn at outer face of slab, at least 25 mm.

Installation

General: Lay in long lengths, in a single width. Lay full width at angles and intersections and lap at least 150 mm at joints. Step as necessary.
3.4 Fixings and embedded items

Preferably document on the drawings.

Nailing blocks and nailers

Installation: Build-in as the work progresses. Use nailing blocks to fix all window frames, door frames and other wall mounted fixtures.
Partitions: Nail timber framed partitions to nailing blocks.

e.g. nails > 50 mm long galvanized, for fixing aluminium windows, pipes, cables, battens, electrical components and plumbing components.

3.5 Reinforcement

-Drill or split the units at vertical reinforcing.

Installation

Do not cut, weld or grind on site. Build-in as work progresses. Lap 450 mm at splices. Fold and bend at corners so that the longitudinal wires are continuous. Stop 200 mm short of control joints. Place in centre of the width of the wall, and in the bedding joint.
Cover (minimum):

· 75 mm for exposed surfaces.

· 25 mm for protected surfaces.

Vertical intervals (maximum): 500 mm, for full height of the wall.

Also provide in the first course above lintels, extended 600 mm each side of opening.

3.6 Steel lintels
Installation

Do not cut, weld or grind on site. Build-in as work progresses. Keep lintels 10 mm clear of heads and frames. Install T-lintels with horizontal component at the bottom, centred in the width of the wall.

Propping: Temporarily prop lintels during construction and until the wall reaches its required strength.
3.7 Timber lintels
Installation

Build-in as work progresses. Keep lintels 10 mm clear of heads and frames.
3.8 Pipes and conduits

Installation

Installation: Lay conduits and water pipes in mortar joints as far as possible. Otherwise lay in chases.
Cover (minimum): 100 mm, if built-in.

Chases: Maximum depth 50 mm. Run vertically, not horizontally. Do not chase in exposed facework. Thicken the walls for larger piping.

If permitted, or delete and insert “Not permitted”.

3.9 Bond beams

-Also known as top plates, tie beams, or belt courses.

Positions

Provide a continuous bond beam to bearing walls, at framed floor and at roof bearing levels. Build-in as work progresses. Anchor the floor and roof structures to the bond beams. Bond beams may  be concrete, timber or steel beams as identified on the drawings.
-Preferably, show positions in the drawings.

Position: Centre on the wall.
Bedding: Mortar levelling course.
Also for coping blocks.

Usually PFC or cold rolled C section.

3.10 Holding-down bolts

-See CSIRO Bulletin 5 Appendix A to determine depth of embedment, or preferably document on the drawings. Cyclone bolts are required in cyclone-prone areas. Bolts may also required in areas of seismic activity.

General

Cover (minimum): 75 mm. Location: Refer to drawings for locations, length of holding down bolts.
Installation

Set in perpends and units split lengthwise, in alternating courses. Do not locate within 150 mm of end of wall. Locate in the centre of wall.
-See CSIRO Bulletin 5 clause 5.4 for other alternatives, including drilling or forming holes in the units.

3.11 Finishes

-See CSIRO Bulletin 5 figure 1.12 regarding protection of walls by overhang. Protected walls, and stabilised walls, do not need to be rendered or sealed. Unfinished external walls are not permitted in US codes, according to CSI. New Mexico exempts exterior patio and yard walls etc. Use of silicone sealers or latex paints is usually unsuccessful - they form a crust in the top 6 – 10 mm, which cracks and separates, according to CSI. There seems to be a consensus that cement render is also usually unsuccessful. Proposed finishes should be trialed, if only because earth blocks will vary from site to site.

Appearance

Marks and stains: Remove at completion.
Efflorescence: Remove before sealing or rendering.

Mud render

General: Render the exteriors of walls made of unstabilised units.
Preparation: Brush the substrate, score and moisten.

Mix: 3:1 clay:clean sand, with straw reinforcing, and enough water to make a paste.

Render: Two coats, each 5 – 7 mm thick.

Finish: Polish the coating using sheepskin or small rounded stones.

3.12 Temporary work
Facework sample panel

If not incorporated, demolish panel.

Refer to the Earth Block Walling construction schedule and drawings for details of locations and built in components.
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