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Product Manual: ARMOR-BLOCK Retaining Wall System

DISCLAIMER

The information provided in this installation guide is indicative and provided as reference only.
Any ARMOR-BLOCK retaining wall must be built in accordance with a design prepared by a
registered geo-technical engineer who is independently engaged. The engineerOs design,
details, and installation requirements take precedence if there is any conflict or ambiguity with
the information contained below.

The ARMOR-BLOCK has no third party approval and is not a registered or certified product.
The design of the system is based on conventional engineering principals, which are well
understood and documented. The design methodology for the product has been approved
and documented in a number of international standards.

Every application for the ARMOR-BLOCK with a height exceeding 1.5m requires a specific
design to be completed by a Chartered Professional Engineer and a building consent from the
local council. This removes the need for independent certification.

To complete the design of an ARMOR-BLOCK retaining wall the engineers will require
information on the ARMOR-BLOCKS dimensions and weights and the properties of the soil on
site. The required information on the blocks is provided in the ARMOR-BLOCK software. The
designs process for an ARMOR-BLOCK retaining wall follows standard engineering principals
for a gravity retaining wall system.

References:

The best design codes for a segmented retaining wall system such as the ARMOR-BLOCK
are:

Design Manual for Segmental Retaining Walls, TR 127, National Concrete Masonry
Association, United States of America, 1997

Seismic Design Manual for Segmental Retaining Walls, TR 160, National Concrete Masonry
Association, United States of America, 1998

Some good guides for the construction and installation of the walls are:
Segmental Retaining Wall Installation Guide, TR 146, National Concrete Masonry Association,
United States of America, 1996

Inspection Guide for Segmental Retaining Walls, TR 159, National Concrete Masonry
Association, United States of America, 1998

Segmental Retaining Wall Drainage Manual, TR 204, National Concrete Masonry Association,
United States of America, 2002

Retaining Walls - Building Guide & Design Gallery, TR 212, National Concrete Masonry
Association, United States of America, 2000

Ph 0800 655 200 or visit www.csppacific.co.nz 19 February 08 / Page 2




PACIFIC Product Manual: ARMOR-BLOCK Retaining Wall System

Table of Contents

Product Key features ... p.4
Design conSIAerations ............covviiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeee e p.5

1) Use on Spillways or River Beds

2) Backfill Material Specifications

3) Drainage Material & Filter Cloth

4) Slip Circle Failure in Relation to Movement
5) Combination of No Fines & Standard Concrete
6) Could Backfill Wash Out?

7) Rotorua Concrete Durability

8) Freeze/Thaw and Chloride Attack

9) Lifting Eye for No Fines Concrete

10) Longitudinal Grade

11)  Maximum Vertical Grade

12)  Maximum Set Back

13)  Maximum and Minimum Radius

14)  Multiple Walls

Ph 0800 655 200 or visit www.csppacific.co.nz 19 February 08 / Page 3



—

PACIFI

v

@)

Product Manual: ARMOR-BLOCK Retaining Wall System

Design Considerations

1. Use on Spillways or River Beds

Spillways: Yes the ARMOR-BLOCKS can be used to retain soil and slopes around spillways.
The design of the retaining wall needs to consider the additional weight of the fill material and
the reduced bearing capacity of the soil under the wall, due to their saturated states. These
applications will require a specific design that allow for these effects plus any influences of
scour under and around the blocks.

In situations with water that can change heights rapidly the issue is one of rapid draw down.
There are specific design methods to allow for this situation (see the FHWA design manual for
segmental retaining walls), which use reduced factors of safety for the draw down condition.
The effects of rapid draw down can also be minimised by using free draining material (such as
16 mm crushed and washed stone).

In areas of high flow or potential scour, the ARMOR-BLOCKS can be supplied with an insert
panel that fits between the blocks and provides additional protection from erosion of the
backfill material. Alternatively a larger sized fill material will prevent wash out from between
the blocks.

River Bed: The ARMOR-BLOCKS provide excellent stability and support for banks in and
around rivers. They are easily installed and require no additional tiebacks or support. It is
recommended that the ARMOR-BLOCK retaining wall be buried into the ground by 10% of the
total wall height for applications involving flowing water to reduce the possibility of scour and
increase the overall stability of the wall. In areas affected by floods and high flow rates, any
ARMOR-BLOCKS, which are dislodged or washed away, can be easily retrieved and reused,
unlike gabion baskets.

Also see previous comments about allowing the saturated soil and free draining fill material.

2. Backfill Material Specifications

The properties used for the soil and backfill materials in the software are estimates of the
properties for certain soil types. They relate to the values recommended in the Works and
Development Services Corporation (Ministry of Works) Retaining Wall Design Notes (1990)
and are referenced to the US Department of Navy (1982) and Terzaghi (1967). They should
only be used for preliminary estimates of the design. The values were included to allow an
estimate of the potential ARMOR-BLOCK wall height to be obtained with little knowledge of the
local site conditions and soil properties. The values are not intended to be used for detailed
design applications.
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Additional options can be made available and installed into the software on request.

It is worthwhile noting that the software is supplied as a means of estimating the design and
feasibility of an ARMOR-BLOCK retaining wall. It provides an indication of the potential height
of an ARMOR-BLOCK given the soil properties. It is not intended to be used as a detailed
design tool. Any retaining walls that are over 1.5m tall will require an independent design
completed by a Chartered Professional Engineer and will require a building consent from the
local council.

2. Drainage material and filter cloth

Segmental retaining walls, such as the ARMOR-BLOCK are designed assuming no hydrostatic
pressure behind the wall. Because no mortar is used between the blocks water is free to weep
through the joints of the installed units. However, drainage will be improved if free draining fill
is used behind the wall.

For critical design situations and tall retaining walls it is advisable to install drainage material
and filter cloth. The Chartered Professional Engineer undertaking the detailed design should
provide advice on the type of drainage material and where it is applicable.

The best form of drainage solution for a retaining wall will always be site specific.

4. OSlip Circle FailureO in relation to moment

Retaining walls have three forms of failure modes; internal stability failure, external stability
failure, and global stability failure. These three failure modes are shown in the figure below.
The wall itself influences an internal stability failure. This includes sliding of the blocks on top
of each other and overturning of the blocks. The internal failures have little influence from the
properties of the soil. Exterior failures and global failures are related to the soil supporting the
wall and have little influence from the wall itself.

The ARMOR-BLOCK software considers only the internal stability issues of overturning and
sliding. These two failure modes are dependent on the properties of the ARMOR-BLOCK and
not on the properties of the soil, which support the wall. The external failure mode and global
stability are failures of the soil and very site specific (soil properties, site geometry, etc).

When undertaking a detailed design of the retaining wall all of the failure modes, including the
external failure modes and the global instability via slip circle, will need to be investigated and
designed by a Chartered Professional Engineer. The software was written to provide an

estimate of how high an ARMOR-BLOCK wall could be, given the back fill material and slope.
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5. Combination of No-Fines and Standard Concrete

A combination of No-Fines concrete at the base of the wall and conventional weight concrete
higher up is an acceptable alternative design.

6. Could Backfill Wash Out

Extensive experience in NZ and overseas has shown that the backfill behind the blocks and in
the joints or voids is very stable and unlikely to be washed away or dislodged.

However, when designing the wall in the software we have conservatively assumed a low
value of weight from the soil between the blocks in case it is poorly compacted or not installed
correctly. This conservatism allows for up to 1/3 of the soil in this area to be removed without
influencing the calculated strength.

The ARMOR-BLOCKS also have the possibility of using filler panels between the blocks that
would prevent any fill from being dislodged.

7. Rotorua Concrete Durability

The concrete has no reinforcement and therefore will not be affected by chloride, alkaline, or
acid attack. The blocks will have no durability issues being installed in the alkaline
environment of Rotorua.

8. Freeze/Thaw and Chloride Attack

The concrete blocks will not be affected by chloride attack, as they have no reinforcement in
them that could go rusty. Chloride only affects the steel and accelerates rusting/corrosion.
The No-Fines concrete blocks will have no issues with Freeze/Thaw. No-Fines concrete is
generally regarded as the most robust concrete in freeze-thaw conditions.

Freeze-Thaw has only ever been an issue in New Zealand on concrete samples that have a
very low strength. Typically this occurs when fresh concrete is frozen before it has had time to
harden and strengthen. As the ARMOR-BLOCKS are precast units it is unlikely that they will
be affected by freeze-thaw. The concrete should have achieved a sufficient strength before
leaving the precast yard so as to be resistant to the freeze thaw issues.
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9. Lifting Eye for No-Fines Concrete

No-Fines concrete will result in the reinforcement rusting quicker than conventional concrete.
The conventional concrete has sufficient cover concrete to achieve the required durability of 50
years.

Galvanising the reinforcement/lifting eyes when used with No-Fines concrete will provide
additional protection before the onset of corrosion; however it may not prevent rusting before
the required 50 years of durability. The key concern is what damage would occur to the blocks
once the reinforcement corrodes. The other alternatives are epoxy coating (expensive) and
fibreglass rods (medium cost). Both of these options would provide better durability than
galvanising but at a cost premium.

10. Longitudinal Grade

The best solution is to use a stepped wall approach and keep the courses level.
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The best method of achieving a stepped retaining wall on mild sloping ground is to start the
block on the down hill end of the wall at ground level and then let the remainder of the blocks
be buried further into the ground (as shown in the picture).

11. Max Vertical Grade

The maximum vertical grade of the hill below the retaining wall is very much site and soil
dependent. An ARMOR-BLOCK retaining wall will place a large compression force on the soil,
due to the weight of the wall and the weight of the soil it is retaining. One possible failure
mode is a bearing failure (crushing failure) of the soil underneath the wall. This could happen
for a number of reasons most likely because the soil is too weak or because the wall was too
close to the edge of a steep slope. Another failure mode is that the entire slope gives way
(global failure). This occurs due to weak soil in the hillside surrounding the wall. Both of these
failure modes are very specific to the site and can only be determined by an engineer after
inspecting the site and measuring the properties of the soil. They do not relate to the design of
the retaining wall, but the stability of the hillside.

The short answer is that there is no maximum vertical grade to the slope. It is dependent on
each situation and location.

12. Max Setback

The overturning and sliding shear capacity of the walls will both increase the further the blocks
are set back. This will increase the allowable height of the walls. However the maximum
setback allowable will quickly become a function of construct ability.

The shape of the ARMOR-BLOCK means that as the blocks are placed further back, relative
to the blocks below, they are likely to fall over backward. Therefore if the blocks are going to
be set back further than specified it will be important to backfill behind each row as you go.
The backfilling must be to the correct height and sufficient compaction to support the blocks
without settling.

If necessary packers could be supplied which go between the up stand on the top of the blocks
and the front face of the block above. These would ensure the setback used for each block is
consistent.
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13. Maximum and Minimum Radius

The trapezoidal shape of the ARMOR-BLOCKS permits construction of concave, convex, and
serpentine curves. The general construction requirements remain the same for both curved
and straight installation.

As each successive course of ARMOR-BLOCKS is set back from the previous by
approximately 200 mm, the radius of the curve for each course varies up the height of the wall.
Care must be taken with the initial setout of a curved wall to ensure the correct half block offset
(running bond) pattern is maintained up the height of the wall.

With concaved walls (inside curve) the effective bend radius of each successive course
increases up the height of the wall. With concaved walls there is no minimum bend radius for
the bottom row; however gaps may appear between adjacent blocks in the upper courses
while maintaining the correct running bond pattern. The size of the gap will increase in
successive course up the height of the wall. Filler panels can be located in the vertical groves
of adjacent ARMOR-BLOCK units to bridge these gaps.

The radius of a convex curve (outside curve) will decrease up the height of an Armor-Block
wall. Care must be taken when placing the bottom blocks of the curve to allow a suitable
clearance between blocks so that the upper row of blocks can be placed without clashing.
Spaces between the blocks in the lower levels should be filled with Filler Panels using the
vertical groves on the sides of the ARMOR-BLOCKS.

Concaved (inside curve) Convex (outside curve)

The minimum allowable radius for the top course of a convex wall is 2.3 m. The minimum
radius of the bottom course of blocks can be calculated using the table below
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14. Multiple Walls

The use of multiple walls (or terracing) is an effective way to reduce the loading and gain
greater overall height while maintaining an aesthetic appearance. The general rule of thumb
for the walls is to space the second wall back by the height of the lower wall (i.e. the upper wall
should be 4 m behind a lower wall with a height of 4 m). An alternative method, which allows
slightly closer wall spacing, is shown in the picture below.

— FOR APE UCATIONS WHERE
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The other thing to consider with a terraced wall is that the height of the upper wall should not
normally exceed the height of the lower wall. The method detailed above are general rules of
thumb. When undertaking a detailed design of a specific location a Charter Professional
Engineer will be able to provide more optimised designs with taller walls and closer spacing.
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