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APPLICATION OF STEELCRETE™ SHOTCRETE

Steelcrete™ Shotcrete has gained widespread use in
applications such as:

e Support of underground openings in tunnels, mines,
drainage adits and exploratory adits.

e Rock slope stabilisation and support of excavated
foundations, often in conjunction with rock and soil
anchor systems.

e Channel linings, protection of bridge abutments and
stabilisation of debris-flow prone creeks.

e Rehabilitation of deteriorated marine structures
such as bulkheads, piers, sea walls and dry dock.

e Rehabilitation of reinforced concrete structures
such as bridges, chemical processing and

handling plants.
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Figure 1. For tunnel linings Steelcrete Shotcrete spans between bolts
and keeps the ground from unraveling. The compression arch formed
by the rock bolts is the primary structural member.

Steelcrete Shotcrete can be applied in a uniformly thick
layer to provide immediate reinforced ground support.
It eliminates the need for mesh in tunnel linings, slope
stabilisation and retaining walls.

The principal of ground support is to provide a
structural membrane between rock bolts that can
accept large movements, particularly underground,
necessary for the reinforced ground to take the load
(fig 1&2). Key parameters are flexural strength, shear
strength and bond strength.
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Figure 2. For slope stabilisation soil nails and anchors reinforce slip
planes while the Steelcrete spans between the anchors.

BENEFITS

Firth Steelcrete’s principal advantages are a reduction
in material, greater speed and lower costs. Steelcrete
is also a technically superior solution.

Technical Benefits

e The homogenous fibre reinforcement gives a
resistance to tensile stresses at any point in the
Shotcrete layer.

e An increase of load bearing due to the redistribution
of stresses.

e The removal of mesh increases the bond of the
Shotcrete to the surface.

e Excellent corrosion resistance.

e Excellent control of cracks.

e Follows the ground contours to give constant
thickness and reduced consumption.

¢ Avoids “shadowing” or voids behind mesh.

Economic Benefits

e Minimisesreboundlosses, particularlyincombination
with Micropoz® or Microsilica 600.

e Reduced time (no mesh].

e Increases safety.



TUNNELING BENEFITS

Two main benefits arise from the use of Steelcrete in
tunneling:

e Time - the use of Steelcrete can reduce tunneling
cycle time which cuts labour costs and also reduces
non-productive time with tunneling equipment. All
up, Steelcrete shortens the total construction time.

e Safety - The safety of underground construction
workers is of utmost importance. The high degree
of ductility of a Steelcrete lining contributes to safe
construction.

Steelcrete Shotcrete follows the ground contours
(fig 3&¢) as there is no need to cover mesh.

This overcomes the following problems:

e The irregular position of the mesh does not always
provide an efficient reinforcement and does not
always allow satisfactory cover of the steel on the
groundside.

e The mesh distorts the Shotcrete cover and creates
air pockets behind it which can fill with ground water
and stimulate corrosion.

e The rigidity of the mesh does not allow it to follow the
irregular ground contours.

e The use of mesh requires a minimum cover that may
increase the layer thickness.

e The mesh increases Shotcrete rebound.

OTHER FIRTH TECHNOLOGY

Microsilica Superspray, enhances the performance of
bond strength and is essential for low rebound and
high build.

Figure 3. The shape of the rock can make fixing of the mesh very
difficult and even dangerous:

e Difficulties in installing the mesh.

e Installation of mesh requires special lifting equipment.

PROPERTIES OF STEELCRETE SHOTCRETE

Shotcrete needs to behave in a ductile rather than a
brittle manner. Steelcrete Shotcrete with steel fibres has
the ability to sustain load whilst undergoing significant
deflections. The performance of Steelcrete reinforced
Shotcrete varies with different fibre dosages and types
and because of this, a standard performance test
that simulates real conditions is required. There are
several international standard test methods available to
measure the ductility of Steelcrete, although the more
commonly used term is “toughness”. The most suitable
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Figure 4. The punching/bending test was developed as a test that
best simulated ‘in place’ Shotcrete. Overseas results show the
different performance of various steel fibres and mesh, some steel
fibres out performs other steel fibres and can provide equivalent if not
superior performance to mesh!

single test is a punching/bending test developed in
France and now included in Norwegian, French and
EFNARC guidelines. The test is now regularly used in
Australia.

Independent results from Europe and Australia (fig 4&5)
show that steel fibres can provide higher performance
than mesh. The test is used to verify that Steelcrete will

provide the necessary flexural and punching strengths.
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Figure 5. Independent test in Australia support overseas results on
the performance of different steel fibre types.



Figure 6. Typical layout of Shotcrete with mesh and with Steelcrete ground stabilisation.

MESH REINFORCEMENT

The irregular positioning of the mesh does not
ensure an efficient reinforcement.

Overuse of concrete due to filling of pockets
behind the mesh.

Bad filling of pockets resulting in voidage and
water infiltration.

Additional consumption due to the
requirement of steel cover.

FIRTH STEELCRETE

Steelcrete overcomes the problem of overspraying and filling of hollows so the ground contours can be followed when
mesh is replaced with steel fibres.

The fibres give resistance to tensile stresses at any point in the shotcrete layer.

Homogeneously reinforced concrete with excellent density and impermeability
prevents the formation of water passages.

The use of steel fibres allows the shotcrete to better follow the
contours of the ground.

The inclusion of Microsilica® as an additive further
reduces rebound and allows high first pass build.



STEELCRETE SFRC SPECIFICATION

In order to reflect the known variability in fibre types
and their performance it becomes mandatory that
SFR Shotcrete is specified in terms of a performance
requirement. SFR Shotcrete should never be specified
by fibre dosage rate alone.

Where Steelcrete Shotcrete is to be used the following
clauses are recommended to be included in the
specification:

1. The steel fibres are to be made from hard drawn
low carbon steel, in accordance to ASTM A820.90
Type 1 and shall have a tensile strength greater than
1000MPa.

2. The fibres shall preferably be collated in such a way
that the risk of balling is eliminated.

3. To ensure adequate overlap between fibres to
carry the load continuously through the element
the spacing(s) shall be greater than 0.45] where:
S > [d2| /AV]O.SS

Where d = fibre equivalent diameter (mm]; | = fibre
length (mm); v = fibre volume fraction (0.01 = 80kg /
m? for steel fibres)

4. Physical properties shall be those which are
appropriate for the project or application and should
be based upon the following:-

a. Toughness Index 110, shall be not less than.........
at 28 days,
Toughness Index 130, shall be not less than.........
at 28 days.
These values shall be determined in accordance
with ASTM C1018-85

OR
b. Equivalent Flexural Strength shall not be less

than........ MPa at 28 days.
This value will be determined based on JSCE-
SF4

OR

c. Absorbed Energy shall not be less than......
Joules up to a deflection of 25mm, as determined
by the energy absorption class [plate test) in
accordance with EFNARC (1996) “European
Specification for Sprayed Concrete’

OR
d. Residual Strength Class shall be in accordance

with Table 9.3.1 of the EFNARC (1996) "European
Specification for Sprayed Concrete”.

TECHNICAL SUPPORT

Firth Industries is able to provide and co-ordinate
technical support related to most aspects of the use
of concrete in construction. This support takes the
form of:-

1. Advise on the suitability of Steetcrete™ for
your project.

2. Determination of capacities of section based on
mix design, fibres and thickness characteristics to
match design loadings.

3. Guidance on the placing of Steelcrete™ to achieve

the desired quality.
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Information in this brochure has been prepared by Firth Industries. It cannot be reproduced or copied for any purpose without the written
permission of Firth. While the information and/or specification contained herein is, to the best of our knowledge true and accurate, no warranty is
given or implied in connection with any recommendation or suggestion, made by us or our representatives, agents or distributors as the condition
of use and any labour involved are beyond our control. Contact Firth for further information.
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SUSTAINABILITY: THE FIRTH CONCRETE & CONCRETE MASONRY SUSTAINABILITY LIFECYCLE

] Environmentally compliant manufacturing plants Most wash water returned from construction sites For more on Firth’s

Surplus water and some aggregates recycled Highly durable, low maintenance buildings and no rot contribution to building a
Low transport impacts High degree of noise control sustainable tomorrow today,
Leftover concrete returned from construction sites Inherent fire resistance visit www.firth.co.nz or call

Passive solar heated thermal mass makes completed buildings Overall longer effective building life us on 0800 800 576

more energy-efficient Demolished concrete can be recycled as hard fill or aggregate ~ for our free brochure.
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