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Retrofitting House Foundations to Resist Earthquakes

Introduction:

If a major earthquake were to occur in New Zealand many thousands of houses would be severely
damaged. Post earthquake, these houses would no longer provide a safe environment for their
occupants and would in turn become a liability in terms of costly repair. “Many of the houses [in
New Zealand] that were considered ‘weak’ were built prior to the introduction of formal
construction Standards.”® Thus this fragility is a paramount issue in New Zealand dwellings. To
minimise damage and post earthquake paralysis, retrofitting of building subfloor and foundations is
of paramount consideration. This is the focus of this report; divided into six sections of common
foundation types occurring in New Zealand the report outlines retrofit details to increase earthquake
performance and decrease the damage and need for repair post earthquake. These six types of
foundation include internally piled foundations, full piled foundations, partial foundation walls, full
foundation walls, full foundation walls/internal piles and slabs on ground. These six types relate
very closely to New Zealand conditions to ensure that this report is meticulously aligned to the
dwellings it aims to benefit.

8 Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit of
Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 9.
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Retrofitting House Foundations to Resist Earthquakes

Definition of Retrofit:

Retrofitting involves the improvement of the details and connections of a dwelling foundation and
subfloor whilst keeping as much of the dwelling itself in tact and untouched. Limitations in this
type of construction include the tight and confined spaces often found in a dwelling subfloor,
dealing with damp, moisture and rot which may occur, and mitigating the negative effects of
previous construction methods which no longer meet today’s standards. The benefits of remedial
work however are sound and positive; reducing the possibility of evacuation, death or injury,
improving the likelihood of continued building use post earthquake, improving health and safety
and reducing repair cost, especially important at a time when inflation occurs and labour and
materials are in strong demand.
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Retrofitting House Foundations to Resist Earthquakes

Report Structure:

The following section on foundation types and appropriate retrofit details is divided into the six
sections outlined in the introduction above. These types of foundations are defined and details and
research outlined which relate specifically to that particular foundation type. Following this section
is the annotated bibliography, where the articles, conference proceedings, theses, websites and
books consulted are noted and their relevance and information content discussed. An appendix has
been included at the conclusion of this report containing additional information which may be
perused.
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Retrofitting House Foundations to Resist Earthquakes
Foundation Types and Appropriate Retrofit Details:

Internally Piled Foundation:

This consists of a piled foundation system where piles on the exterior perimeter support the roof
and superstructure and interior piles support loads from the floor(s) and internal walls. Often a
jack stud is employed between the pile and the wall plate.”

Note: As jack studs also occur in Full Foundation Wall foundation types, details on retrofitting
such foundations are included in the Full Foundation Wall section of this report.

The following five details have been suggested for use in a retrofit of an internally piled foundation
by James Irvine, in his thesis Foundation and Subfloor Bracing Analysis: The Cost Benefit of
Upgrading. The first two details illustrate remedial pile solutions, both of which are seen in
NZS3604:1999. The major limiting factor for the braced pile solution is the placement and the
height of the foundation; it requires a minimum of 450mm between the bearers and CGL so will not
apply to all dwellings of this foundation type.

gl

Figure 1
Anchor Pile Solution
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 164.

® Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 45.
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Bracing of this type of foundation with a plywood panel is ideal as the strength, ease of application
and finish of this panel is superior to that of a cement sheeting panel. The figure below illustrates a
sheet bracing remedial solution and requires constructing framing between piles and fixing the
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Figure 2
Braced Pile Solution, Braced from Pile to Joist
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 164.

perimeter directly to this framing. This is thus much cheaper if the piles are timber.
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Figure 3
Sheet Bracing Remedial Solution
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 167.

Alternatively, concrete piles may have a concrete infill wall cast between them. The bracing
element must be integrally cast with the existing footings of the dwelling foundation. It is
recommended that dwellings with a heavy roof type or a larger area (over 100square metres) should
have longer infill walls to meet bracing requirements. This concrete infill wall remedial solution is
illustrated below.
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Figure 4

Concrete Infill Wall Remedial Solution
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 167.

Connections within foundations are very important; a foundation of this type may require remedial
fixings. Below two fixings are detailed; depending on joist size the Z nails may be a more
appropriate choice if the skew nails are not able to be driven.
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Figure 5
Left: Fixing of Bearer to Concrete Ordinary Pile Solution; Right: Fixing of Bearer to Timber Ordinary Pile Solution
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 171.

There has also been research conducted aiming to repair timber beams, which may prove relevant in
this foundation type if joists or bearers are damaged. Fibreglass pultroded rods are inserted from
the bottom to the top of the beam in areas of damage. Adhesive is used to bond the reinforcing rods
to the timber and also to fill adjacent cracking in the beam.

The proposed repair strategy uses a high performance, low cost material which can be readily
bonded to wood (see Figure 6).

Figure 6
Proposed Shear Spike Repair Concept
Source: Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber
Structures. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p
419.

The results of this experiment indicate that the fibreglass insertions recapture “both stiffness and
strength of the undamaged material. Enhanced repair performance is directly related to the number
and position of the shear reinforcing rods.”® The addition of the epoxy adhesive further increases
the success and performance of the repair, and improves stiffness and strength in areas of damage.
The combination of fibreglass insertions and epoxy is substantially more effective than either
method applied alone.

Although this is a method designed for very deep beams, it has potential for application in seismic
retrofitting of dwelling subfloors where beams or joists have been damaged but cannot be removed

¢ Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber Structures.
In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p 425.
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Retrofitting House Foundations to Resist Earthquakes

and replaced. On a smaller scale this method represents a retrofit repair able to reinstate the original
strength and stiffness of the member.

Graeme Beattie, a researcher at the Building Research Association of New Zealand has conducted
many investigations into seismic design and retrofit at a domestic scale. The following six details
have been designed by Beattie; these are to be published in a study report. He explains first that the
connection between the piles and the bearers in modern houses should be either a piece of 4mm
diameter wire fixed to the pile and bearer with staples or with Z nails. It is paramount to ensure that
these fixing have not corroded and are not damaged. These fixings are detailed below.
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Figure 7
Typical Modern Pile to Bearer Connections
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 5.

Bracing is important in New Zealand dwelling subfloors and foundations as piles alone will not be
able to resist the horizontal movement experienced in an earthquake. Should the foundation have
sections of concrete foundations at the corners it may be connected remedially as detailed below.

Joists 100 mm x 50 mm M12 bolt

Fx}ck-'nl
(]! f\tl‘.(lizlﬂr)

M2/

Figure 8
Corner Wall to Joist Remedial Connection Details
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 7.
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Bracing with sheet materials is also a valid option for many New Zealand dwellings. Two details
below illustrate a how a piled foundation may be remedially braced with sheet bracing.

Figure 9
Bracing in a Piled House with Sheet Material: At bearer ends
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 9.

Figure 10
Bracing in a Piled House with Sheet Material: At joist ends
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 9.

Houses supported on timber piles may be braced with diagonal braces. These are placed between
the piles, between a pile and a bearer, or between a pile and a joist. The latter two options are most
preferable as the brace is then fixed more directly to the floor framing. At least two piles should be
installed on the outside row and every second row of piles in both directions, the bolt, a hot-dip
galvanised bolt, at the bottom of the pile should be a minimum of 300mm above ground level, and
the slope angle of the brace should be no more than 45 degrees. The two figures below illustrate
remedial timber brace details.
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Figure 11
Added Timber Braces to Timber Piles: Fixed to a bearer
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 11.
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Figure 12
Added Timber Braces to Timber Piles: Fixed to a joist
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 11.

In some cases, particularly in overseas domestic examples, the existing wooden floor may need to
be stiffened. Stiffening of existing wooden slabs to increase their seismic performance can be
achieved by nailing new planks to the original (see Figure 13) or by placing a new concrete slab
(see Figure 14). Connection to the wall must also be considered (see Figure 15).

Page 13 of 332



Retrofitting House Foundations to Resist Earthquakes

EXISTING SLAB -

WOODEN BEAM

Figure 13
Stiffening of Wooden Floor by Wooden Planks
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 68.
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Figure 14
Stiffening of Wooden Floor by Reinforced Concrete Slab and Connection to Wall
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 68.
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Figure 15
Connection of Floor to Wall
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 69.

There has been research conducted to retrofit concrete and masonry structures with jackets of
composite fibres bonded with a polymer matrix to enhance shear strength, flexural ductility or lap
splice performance. For columns *“active confinement is achieved by placing a specified thickness
of the composite jacket material over the region of the column to be confined, and pressure grouting
the gap between the column and the jacket with either epoxy or cement grout™ (see Figures 16 and

¢ Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 365.
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17). This is a method suitable for retrofit pre-earthquake or repair post-earthquake. This may prove
relevant to this foundation type if concrete piles are present rather than timber, and their shear
strength or aspects of their performance need to be enhanced.

CALTRANS FIFY
CNCILAR COLUN |
AXIAL LOAD 400 WPS
LATIRAL (04D -S4 ©

[P ACKMENT - 300 TR

or 80

wov 1), et

Figure 16
Circular Column Retrofitted with Fibreglass/Epoxy Composite Jackets
Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 367.
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y

Figure 17
Rectangular Column Retrofitted with Fibreglass/Epoxy Composite Jackets
Source: Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 367.

The results of testing indicate “very satisfactory performance of the retrofitted columns.”®

Professor Battacharyya, an engineer based in Kharagpur, India, has published his own research into
the retrofitting of building structures, particularly steel and concrete frames. His method of
retrofitting may relate to the internal or full piled foundation types where settle or concrete may be
in need of remedial attention.

The welding of steel angles, channels or bars is quite common to increase the load carrying capacity
of the existing structural steel framing (see Figure 18). Columns can also be reinforced by welding
cover plates or similar onto both of the flanges. To fix deteriorated column bases the approach is to
shore the column, remove deteriorated material and weld or bolt reinforcing to the column.

¢ Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 368.
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Reinforcing Existing Steel Beams
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Renovating concrete structural elements is also possible through the addition of reinforcing.
Adding a steel channel on each side of an existing concrete beam is a solution which allows the
channels to be connected to the concrete columns. The three beams are interconnected with bolting
(see Figure 19). Flexible steel channels could also be used, fastened to the existing concrete at the
ends. The intention is to induce an upward force by deflecting the beams downward through
jacking or wedging the space between the underside of the slab and the beams (see Figure 20).
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Figure 19
Adding Steel Beams on each side of an Existing Concrete Beam
Source: http://www.facweb.iitkgp.ernet.in/SE202-21
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Figure 20

Adding Steel Beams on each side of an Existing Concrete Beam
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

The concrete section may be enlarged to strengthen it. New reinforced concrete is placed around
the existing beam; proper interconnection is critical for the functioning of the whole. The sections

can be tied together with stirrups (see Figure 21), by short dowels (see Figure 22), or by enveloping
the beam with a new floor overlay (see Figure 23).
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Figure 21
Enlarging a Section of an Existing Concrete Beam
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Existing beam and slab rDriued—ih adhesive anchors
(typical) / (staggered)
!

W g TR

11i T New stirrups
Roughen surface . I |‘ i &
’ : l';'_:'.j/-—DOWels
.88 T @4 — New bottom bars
\—New concrete (typical)
Figure 22

Enlarging a Section of an Existing Concrete Beam
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21
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Figure 23
Enlarging a Section of an Existing Concrete Beam
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21

When the beam lacks moment capacity it can be reinforced with structural steel tension plates
bolted to the beam (see Figure 24). A welded U-bracket can be used if substantial additional steel is
required. Differing damages can also be mitigated as shown in Figures 25, 26, and 27.

Existing concrete
beam and slab

Through- bolts in drilled
holes, filled with grout
or epoxy. Verify location
of existing bars prior
to drilled

——Added tension reinforcing

Figure 24
Addition of Steel Member to Improve Moment Capacity
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21
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Figure 25
Concrete Damage Repair
Source: http://www.facweb.iitkgp.ernet.in/SE202-21
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Figure 26

Concrete Damage Repair
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21
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Figure 27
Concrete Damage Repair
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Cracks can be generated in concrete due to earthquakes. This can be ‘stitched” with dowels (see
Figure 28 and 29). Epoxy injection or grouting can ‘glue’ the concrete together, or sealant can be
applied to mitigate cracking also.
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Figure 28
Retrofitting Concrete Columns
Source: http://www.facweb.iitkgp.ernet.in/SE202-21
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Figure 29
Retrofitting Concrete Columns
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Although Professor Bhattacharyya’s solutions do not specifically relate to subfloor and foundation

detailing, some retrofit measures presented may be relevant in the retrofit of concrete piled
foundations or where concrete is damages or cracked and in need of repair and attention.
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Full Piled Foundation:
This consists of a piled foundation where piles are constructed from concrete or timber, and there is
no differentiation between perimeter and interior piles.'

Many of the details relevant to internally piled foundations may also apply to full piled foundations,
hence these details have been included in the section on internally piled foundations.

" Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 47.
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Partial Foundation Wall:

This consists of lengths of concrete foundation wall, commonly located at the corners of the
dwelling. The concrete foundation wall is frequently connected to the subfloor framing with
reinforcing bars penetrating through a timber plate, or with bolts.°

Many details relevant to the partial foundation wall foundation type are also relevant to the full
foundation wall foundation type and have thus been included in the later section. Please refer to
this for additional details.

As James Irvine explains in his thesis, Foundation and Subfloor Bracing Analysis: The Cost Benefit
of Upgrading, the connection between plate and foundation wall is often inadequate in New
Zealand dwellings. This connection requires a bolt or similar fixing to connect a brace to the wall.
Packing may also be required if the concrete foundation wall is greater in width than the timber
foundation wall plate. This detail is outlined below.

Bearer

M12 bolt and washer

100 mm % 75 mrm | /
\ / Two M10 coach screws

100 mm x 75 mm

100 mm x 50 mm Alternative fixing

Figure 30
Remedial Connection for Plate to Foundation Wall
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 171.

91rvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 50.
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Full Foundation Wall:
This consists of an enclosing reinforced concrete wall following the perimeter of the dwelling. The
wall supports both lateral loads from the superstructure and lateral loads from the floor

diaphragm.”

A full foundation wall foundation, in addition to the internally piled foundation type, is often
accompanied by jack studs atop the wall. The sheet cladding on the outside of the jack studs is
commonly brittle and provides little bracing resistance. The remedial measures than can be
employed, as outlined by Graeme Beattie of BRANZ, include removing the bracing material and
replacing it with modern fibre cement sheet at least 7.5mm thick nailed at 150mm centres and
around its perimeter, or using fibre cement sheet materials or 7mm thick D-D grade plywood. This

is detailed below.
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Figure 31
System for Strengthening Jack Stud Walls against Earthquakes
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 13.

" Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 52.
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For a perimeter foundation wall with jack studs atop, the California Earthquake Retrofitting
Information Center, a non-profit organisation set up by architects and civil engineers, explains the
process of retrofitting the home to meet California State Building and Engineering Codes as
follows. The first step is to install plates bolting down the sill plate using a 2 x 3inch piece of steel
(see Figure 32). The steel anchor plates are specifically designed for this application (see Figure
33). The bolt is a concrete expansion anchor bolt (see Figure 34) and are used around the perimeter
(see Figure 35). This is the common retrofit measure in California to remedially prepare the
dwelling for a seismic event.

Sill Plate . . N Cripple

Studs

Cripple Wall Retrofitting

Figure 32
Cripple Wall (Jack Stud) Retrofitting
Source: http://housebolting.com
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Reinforcing wood studs in Cripple Wall

A-35 metol froming
anchars with six screws

Figure 33
Retrofitting Steel Plates
Source: http://housebolting.com

Pound o
WK |'I E‘_r

Steel pronged
sub washer

CONCRETE BXPANSION 655
wooray

Figure 34
Concrete Expansion Anchor Bolt
Source: http://housebolting.com
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Concrete
Foundation

Metal Frdr‘mn:i]
Anchors @ 24" O.C.
Entire Perimeter

: Steel Anchor Plates
Expansion Anchors Where vertical bolting
4'-0"0.C. 2 story areas is impaired.

6'-0" 0.C. 1 story areas

Crawl Space View and Retrofitting Foundation

Figure 35
Placement of Concrete Expansion Anchor Bolt
Source: http://housebolting.com

The Los Angeles Department of Building and Safety has also developed retrofit diagrams which
illustrate how retrofit details are to be carried out in the Los Angeles area. This is a similar process
to the one outlined above in this report, aimed at full foundation walls with jack studs (or cripple
walls). This is a series of figures, covering from replacement of concrete footing and stem wall, to
cripple wall details (see Figures 36, 37, 38, 39, 40, 41, 42, 43 and 44). The details for the cripple
wall are most applicable for New Zealand jack stud foundations.
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Figure 36
Replacement Concrete Footing and Stem Wall
Source: http://www.foundationbolting.com
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Figure 37
Cripple Wall Section — Parallel Joists
Source: http://www.foundationbolting.com
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Cripple Wall Section — Parallel Joists
Source: http://www.foundationbolting.com
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Figure 39
Cripple Wall Section — Perpendicular Joists
Source: http://www.foundationbolting.com
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Figure 40
Cripple Wall Bracing — Opening Reinforcement
Source: http://www.foundationbolting.com
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Figure 41

Blocking/Framing Anchor
Source: http://www.foundationbolting.com
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Figure 42
Cripple Wall Bracing
Source: http://www.foundationbolting.com
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Figure 43
Anchorage for Joists Supported on Concrete
Source: http://www.foundationbolting.com
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Figure 44
Cripple Wall Bracing with Plywood
Source: http://www.foundationbolting.com

A common practice occurring in areas of the United States involves cripple wall bracing. Typical
bracing of a cripple wall is detailed (see Figure 45) showing also how the subfloor appears before
(see Figure 46) and after the retrofit (see Figure 46) which involved plywood bracing panels and
improved connections from the foundations, through the walls, and into the overhead framing of the

floor.
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5/8" Structural Grade
5-1 Plywood Panel

H10 Connectors

Double

Haoldowns Studding
Double
$t|.u:1::1ir1g=E Holdowns
| ~Zinc Plated t Blocking Zine Plated
Anchor Bolts © : ) Anchor Bolts
Figure 45

Typical Bracing of Substructure Cripple Wall
Source: http://earthquakesafety.com/retrofitting

Figure 46
Top: Cripple Wall, Bottom: Retrofitted Cripple Wall
Source: http://earthquakesafety.com/retrofitting

Some houses require additional hold down brackets to anchor the shear walls (see Figure 47),

usually installed at the ends of the shear walls. Installation is carried out with a long, deeply set
epoxy anchored bolt.
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—

Figure 47
Foundation Hold Down Brackets
Source: http://earthquakesafety.com/retrofitting

The city of San Leandro, California has developed a residential seismic strengthening plan (see
Appendix 1). This illustrates cripple wall bracing details (see Figure 48) as well as floor to mud sill
connections (see Figure 49), further cripple wall bracing details (see Figure 50) and typical floor to
cripple wall connections (see Figure 51). This resource is relevant to this report as it has produced
details which may be applicable in New Zealand, and has been developed following research and
input from the California Building Officials Seismic Safety Committee, the Earthquake Engineering
Institute of Northern California and the Structural Engineers Association of Northern California.
Again, this process is similar to those outlined above, and is closely linked to perimeter foundation
walls with jack studs (or cripple walls) as may appear in New Zealand dwellings to be retrofitted.
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Figure 48
Cripple Wall Bracing Detail
Source: http://www.ci.san-leandro.ca.us
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Figure 49

Floor to Mud Sill Connections
Source: http://www.ci.san-leandro.ca.us
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Figure 50
Cripple Wall Bracing Details
Source: http://www.ci.san-leandro.ca.us
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TYPICAL FLOOR-TO-CRIPFPLE WALL CONNECTIONS
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Figure 51
Floor to Cripple Wall Connections
Source: http://www.ci.san-leandro.ca.us

As John Scoggins, a practitioner of seismic retrofit, explains, jack studs on perimeter foundation
walls California are first evaluated by drilling a test whole in the concrete, block, brick or stone to
test if the material is strong enough to support a bolt. Connections are then examined, followed by
damage to wooden members. If a cripple wall is present it must have panel sheathing for bracing
and adequate connections. Selection of connectors for retrofit is important. A firm masonry
foundation that has good accessibility but poor anchors may be retrofitted by drilling holes through
the plates into the foundation, inserting lengths of steel rod, epoxied into place (see Figure 52).
Epoxy is ideal as expansion bolts may crack the older, more brittle concrete.
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-

_— Right-angle

framing anckor

Figure 52
Where there is good access, the least expensive retrofit involves threaded rod anchors epoxied into place, plywood shear
panelling, and framing anchors between the top of the cripple wall and the floor framing
Source: Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg
Partnership, Washington, DC, 1991, p 43.

Once the anchors and bolts are in place, structural sheathing can be installed around the cripple wall
and at the sides of any access doors or vent openings, in accordance with guidelines provided by the
city of Santa Barbara.' The length of each panel should also be at least twice its height. Three-inch
holes are then drilled into the plywood at the top and bottom of each bay for ventilation. These are
covered with hardware cloth. A Simpson H1s or H5s is then installed to secure the cripple wall to
every second joist.

In limited access retrofits, where 2x12 joists are used there will be enough space to use a Hilti TE15
right angle hammer drill. A Simpson RFB retrofit bolt or epoxied threaded rod anchor can then be
installed. Where the joists are smaller, a Simpson FAG or FA8 can be used, an “L-shaped 12-gauge
steel connector that rests on top of the plate and laps over the side of the stem wall.™

When the foundation is not strong enough to hold bolts, a new concrete stem wall will be poured
(see Figure 53). Four rebar dowels are drilled and places in the old stem wall at 4’ centres. New
cripple walls can then be installed around the perimeter and bolted to the foundation. Metal
brackets connect the floor joists to the cripple walls.

"'Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg Partnership,
Washington, DC, 1991, p 44.
' Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg Partnership,
Washington, DC, 1991, p 44.
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Figure 53
Pouring a New Stem Wall
Source: Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg
Partnership, Washington, DC, 1991, p 44.

When a dwelling is supported on posts and piers, anchors are rarely present and posts attached to
the above girders with only nails. Here, a possible retrofit measure is to install new pier footings
between existing posts and replace any posts located under girder splices (see Figure 54). Simpson
H-series clips are used to tie the floor joists to the girders.
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Figure 54
Reinforced Post Footing
Source: Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg
Partnership, Washington, DC, 1991, p 45.

Full foundation walls are at risk of degradation over time. Cracks may appear and reduce the
strength of the wall. Small cracks can be repaired with pressure injection of epoxy (see Figure 55).
This may be of use in a retrofit where foundation walls are damaged or ill-prepared for seismic
activity.
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Figure 55
Strengthening of Existing Masonry Wall by Grouting
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 61.

Large cracks can be mitigated Wlth a cover of mortar for protection and reinforcement, or with steel
mesh nailed or bolted to the wall.®

Where foundation walls may have poor connections, two steel meshes can be placed on either side
of the wall and thick cement mortar applied over top to improve the connection of these walls (see

Figure 56).

K The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 62.
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Figure 56
Vertical Reinforced Concrete Covering Plates
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 74.

Prestressing may also be useful to increase shear strength of walls, carried out by placing two steel
rods on the two sides of the wall and stretching them by turnbuckles (see Figure 57).
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Figure 57
Strengthening of Walls by Prestressing
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 75.

Foundation walls may also be strengthened with reinforced concrete strips (see Figures 58 and 59).
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Figure 58
Strengthening of Existing Foundation
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 81.
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Figure 59
Strengthening of Existing Foundation: Strip on Outside Only

Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 82.

A single layer of carbon fabric overlay applied to each side of the structural walls may also be
applied to a concrete foundation wall which can contribute “significantly to doubling the inelastic
deformation capacity.”' Shear deformations have the potential to be halved following repair.
Composite material jackets are extremely effective in both retrofit and repair situations as well as
being economically competitive. This may prove useful at a smaller scale in dwelling retrofit,
where foundation walls would be inadequate in their performance in a seismic event.

" Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 375.
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A reactive powder mortar with a flow value of 200% and a compressive strength of 75MPa, may
also be relevant in the retrofit of foundation walls. The reactive powder mortar is composed of
“type Il Portland Cement, quartz sand, quartz powder, silica fume, super-plasticizer and water.”™
This mortar has a slant shear strength comparable to epoxy resin, provides a higher rebar pull out
force and a higher tensile strength.” This mortar is relevant to this report as it has the possibility to
be used in the seismic retrofit of dwelling foundation and is proven to be an adequate repair
material for concrete structures.

A new technique to retrofit masonry walls, which increases its shear strength and stiffness has been
developed, involving deep repointing of the wall. The new technique uses deep repointing to
replace mortar to a depth of 70-80mm, then confines the wall externally.® This method produces a
“significant increase of the shear strength and especially of the shear stiffness...compared to the
virgin masonry.”? Shear stiffness was noted to increase by up to 300%, thus this technique has
strong potential for use in seismic retrofit of dwelling foundations, where masonry walls need to be
strengthened to withstand a seismic event.

Similar subfloor and foundation construction to New Zealand dwellings occurs in Turkey’s
traditional housing. Timber construction makes up a large majority of Turkey’s historic buildings,
and although considered very earthquake resistant, these historic timber buildings continue to be
seriously damaged in earthquakes. Two or three storied traditional timber constructions are
typically formed consisting of a timber framework on a basement wall or masonry ground floor,
very similar to New Zealand’s own full or partial foundation wall foundation types. Strengthening
of these structures is considered in terms of maintenance and technique. Continuous maintenance is
emphasised to ensure the longevity of the structure. Strengthening techniques are then outlined.
Strapping of a building involves bolting the structure to the foundation, or strapping the timber
frame together with cable and protecting the elements with wooden angle plates. Walls must be
connected to each other using braces of timber, steel or synthetic fibre and plywood stiffeners
between building and strapping cables may give increased strength. This system can be applied to
masonry buildings also and allows the building to perform structurally as a whole. Infill openings
may be used to provide structural continuity. Bracing can be used to repair weakened wooden
structural systems; it should be added to have minimum impact and not overload the existing
structural system. Reinforcing joints and connections in the timber is ideal, by using anchor ties or
bolts, or metal or glass fibre reinforced plastic. Missing areas in the timber members may be filled
with epoxy resins.

These methods have been suggested as low cost, practical approaches to retrofit timber structures
without compromising their character or integrity. This relates very closely to the retrofitting of
timber dwellings in New Zealand.

Helifix is a company producing high performance stainless steel helical wall ties, fixings and
masonry repair and reinforcement systems.q This relates closely to this foundation type and Helifix

™ Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, p 1044.

" Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, pp 1049-1050.

° Corradi, M and Tedeschi, C and Binda, L and Borri, A. Experimental Evaluation of Shear and Compression Strength
of Masonry Wall Before and After Reinforcement: Deep Repointing. In Construction and Building Materials, Elsevier
Science Ltd., United States of America, 2008, vol 22, p 465.

P Corradi, M and Tedeschi, C and Binda, L and Borri, A. Experimental Evaluation of Shear and Compression Strength
of Masonry Wall Before and After Reinforcement: Deep Repointing. In Construction and Building Materials, Elsevier
Science Ltd., United States of America, 2008, vol 22, p 471.

9 http://www.helifix.com.au

Page 55 of 332



Retrofitting House Foundations to Resist Earthquakes

have explored several techniques for several areas of remedial construction. Their specialist area
devoted to masonry repair relates closely to the retrofit of partial or full foundation wall foundation
types in New Zealand dwellings. The following set of figures detail methods of masonry repair
using Helifix products (the figures are also printed in full size in Appendix 2). The first figure
details crack stitching a cavity wall using HeliBars, a reinforcing bar set into place with grout (see
Figure 60). Concrete patching can be carried out using patchpins (see Figure 61), a stainless steel
pin for concrete patching. This is driven into the concrete and mortar applied over to conceal the
remedial work, which is ideal. Crack stitching a rendered cavity wall can be done using HeliBars
(see Figure 62). The stainless steel reinforcement bar is set into place with grout. Grout is applied
over the bar to conceal it. HeliBars can be used to repair a crack near a corner in a cavity wall (see
Figure 63). Here the bar is cut to the required length and bent to fit in the slots and grouted into
place. The repair of a crack near the corner of a cavity wall can also be carried out using CemTies
(see Figure 64). Here a stainless steel structural pin is inserted into the wall at the required spacing
and set with grout. DryFix may also be used for this repair (see Figure 65). This is where a dry
stainless steel pining system is used. Cross stitching of a cracked solid wall may be done using
CemTies (see Figure 66). This uses stainless steel structural pins, grouted into a wall, and CemTies
wound into the grout filled hole.

The repair of a crack near a corner in a solid wall may be done using HeliBars (see Figure 67).
Again this utilizes a stainless steel reinforcement bar, grouted into place. CemTies can also be used
(see Figure 68). The repair of a crack near a corner in a stone wall cane be done with HeliBars (see
Figure 69) or the bars may be used to crack stitch a solid wall (see Figure 70). Repair of a crack
near a corner in a stone wall may also be carried out using CemTies (see Figure 71.)
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REPAIR DETAIL BCSO1

HELIHX

BN Crack stitching a cavity wall

HeliBar |Grade 316 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

=&

Lising an appropriate power cutting tool with vacuum
aftachment, cut slots into the horizontal mortar jeints, to the
spacified depth and at the required vertical spacing.” Ensure
that as much mortar is removed as possible from the
exposed brick surfaces in order to provide a good
masonry/grout bond.

2 Clean out all dust and lcoss mortar from the slots and
thoroughly flush with water. Where tha substrata is very
porous or flushing with water is inappropriats, usa HeliPrimer
WE. Ensure the slot is damp or primed prior to commencing
step 5.

3. Mix HeliBend cementitious grout thoroughly using a drill and
mixing padd|e and load into the Helifix Pointing Gun.

4. Fit the mortar nozzle to the pointing gun.

5. Inject a bead of HellBond grout, 10-15mm deap, Into the
back of the slot.

8. Pushthe HellBar Into the grout to obtaln good coverage.

7. Inject a second bead of HeliBond grout over the exposed
HellBar and Iron It Into the slot using a finger trowel. Inject
addiional HellBond as necessary, leaving 10-15mm for new
pointing.

B. Point up the remaining slot with a suitable matching mortar
and make good the crack using an appropriate Hellfix
bonding agent or flller, depending on the width of the crack.

8. Clean tools with clean, fresh water.

ROTE Polnting ray be carrfed out 86 soon as is convenient alter
Meﬂsﬂﬂmdhumrhdhm Ehlun that pointing does not
the aliBond

[\ Abways locsta, idantity snd Isotate sny aisctrical, water or gas
services which may ba present in the wall or the wail cavities and
can pose a safely risk before drilling or cutting. Always take the

v safely pr y Use electrical safely gloves and
wear approprisie fooiwear and syswaar.

B —
- =
L O (e — M
FI = = | |

| ]  (— —
el - -]
Fju - —
N T
= | [ ——

For cutting slots up to 48mm deep Wall chaser, mortar saw or

angle grinder with vacuum attachment

Fer mixing HeliBond Drill with mixing paddle

For injection of HeliBond into glots ... Helifix Pointing Gun
with mortar nozzle

For smoothing pointing ... Standard finger trowel

The following criteria are to be usad unless specified otherwise:

A. Depth of siot into the masonry to be 25mm to 35mm.

B. Helght of slot to be equal to full mortar joint helght, with a minimum
of 8mm.

€. HeliBar 1o be long enough to extend a minimum of S00mm sither side
of the erack or S00mm beayond the oLrter cracks H two or more
adjacermt cracks ara being stitched using one rod.

D. Normal vertical spacing is 340mm (4 brick coursas).

E. Whera a crack Is |eas than 500mm from tha and of a wall or an
opening the HellBar |s to be continued for at least 100mm around the
comer and bonded Into the adjoining wall or bent back and fheed Into
the revesl, avolding eny DPC.

F. Install Helifx remedial wall ties if existing ties are defective in any
way. Rafer to Repalr Detalls BRT01-03 for detalle on Hallftc ramadlal
wall tie Installation.

G In hot conditions ensure the masonry is well wetted or primed to
prevant premaiure drying of the HellBond due to rapkd de-walering.
Idsally additional wetting of the slot, or priming with HeliPrimer WE,
should be carred out just prior to Injecting the HellBond grout.

The above specification notes are for general guldance only and
Hellfix regerves the right to amend detalle/notes as necessary.

= Helifix preduct details available at wwaw. he lifix.com.au.
= Hyourapplicaticn differs from this repair detail or you require specific
technical infermation, call Helifix cn 130068 70 71.

EXAMPLE
SPECIFICATION

CRACK STITCHING A CRACKED BRICK WALL

Material: HELIBAR & X 1000
Product code: HBREx1000

Crack TO BE STITCHED BY BONDING 1M LENGTHS OF G1M DI,
HeuBar (HBRS) inTo cuT 5L0TS usiiGg HELIBoND GrouT
(HLB). HeLBanis 1o exTeEND 5 000K FAST ETHER SIDE OF THE
CRACK AND TO BE INSTALLED AT A& VERTISAL SPACING OF NOT
MOTE THAN < BRIGK COURSES APANT. SLOTS TO BE CUT NTO
THE HORIZOWTAL MORTAR JOINTS TO & DEFTH OF 25-35MM AND
TO A HEWGHT EDUAL TO THE MORTAR JOINT HEIGHT.

1 HBR HELIBAR

ITEM| CODE | DESCRIPTION H Ell [Ix

HELIFIX (AUSTRALIA} FTY LTD

TYPICAL WALL TYPE AND HELIBAR APPLICATION

SCALE 1:20 | DWG No. BCSOH-EXS|  SHEET 1 of 1

TEL. 1300 &6 70 71
Copyright © Hellfix Limtted 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandrlia s NSW s 2015

Figure 60
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCRO1 H[ll[lx

I Concrete patching

Stainless steel pin for concrete patching HFP

1. Glean the area to be patched. Remove all loosa material and
Ieave the surface ready to accept tha patching material in
accordance with the manufacturer's instructions.

Clean and treat any axpoaed, embedded staal.

Drlll 6.5mm dlameter holes Inte the concrete to the specifled
depth and at the speciied spacing.

2
3.
4. Attach the PatchPln suppont tool to an SDS hammer drll set
5.
6.

to a slow speed and light hammer only.
Load the PatchPin into the support tool. For drilling
Drive the PatchPin into the pre-drilled pilot hole. Check that For installation of StarTie.. SDS retary hammer drill and
the exposed end of the pin finishes below the intended face PatchPin support tocl
of the finished concrete. The pin end may be bart if the
straight length is too long.
7. Apply the patching mortar in accordance with the

manufacturer's instructions.

DS rotary hammer drill 650/80 0w

The following criteria are to be used unless specifiad otherwise:
A. Depth of hole to be 30-56mm depending on the hardness of tha

A\ A K dentity and fsclats any slactrioal, watar or gas material, with harder materials requiring less embedment.

services which may be prasant oavities B. Pin spacing and position may be varied at the discrstion of the
oan a safoly r::m ;_';‘:; m “;:W' hku';: spaciiier to sult site conditions. Typlcally, placing pins 50mm In from
poss % % = the edge with intermediate pins to keep centres within 150-200mm
y safoty pr Use safely gloves and will prove adequate_

wear appropriate footwear and syswaar.
©. Generally, pins should ba applled at not less then two pina per patch.

The above spacification notes are for general guldancs only and
Hallfix reserves the right to amend detalle/notes ac necessary.

& Helifix product details available at wwnw. helifix.com.au.
« If your application differs from this repair detail or you require specific
technical information, call Helifix on 130066 70 71.

TEL. 1300 66 70 71 HELIFIX {(AUSTRALIA) PTY LTD
Copyright © Hellfix Limited 2000 Unit 24, 34-36 Ralph Street » Alexandtia » NSW « 2015

Figure 61
Source: http://www.helifix.com.au/masonry repair_details.html

Page 58 of 332


http://www.helifix.com.au/masonry_repair_details.html�

Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSOZ2

HELIHX

E Crack stitching a rendered
Ballllll wall lISIIIﬂ “BlIBaI‘S

HeliBar |Grade 316 stainless steel reinforcement bar | HBR

HeliBond | Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vacuum
attachmant, cut slots through the rendsr and into the
masonry to the specified depth and at the required vertical
spacing.* Ensure that as much mortar is removed as possibla
from the exposed brick surfaces in onder to provide a good
mascnry/grout bond.

2 Clean out all dust and loose mortar from the slots and
thoroughly flush with watsr. Where the substrate is vary
porous or flushing with water is inappropriate, use HaliPrimer
WB. Ensure the slot la damp or ptrimed proar to commencing
step 5.

& Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the Helifix Poirting Gun.

4. Fit the mortar nozzle to the pointing gun.

8. Inject a bead of HeliBond grout, 10-15mm desp, intc the
back of the slot.

B. Push the HeliBar into the grout to obtain good coverage.

7. Inject a second bead of HallBond grout over the exposed
HellBar and Iron It Into tha slet using a finger trowel. Inject
additional HeliBond as nacessary, leaving 10-15mm for
making good the render.

B Tha crack within the wall should be waterproofed using an
appropriate Hellflx bonding agent or filler, a.g. HellBond or
CrackBond, depending on the width of the crack, and tha
crack and remaining slots at the surface made good with a
suitable matching render or mortar.

B. Clean tools with clean, fresh water.

NOTE. Poirting may be carried oul a3 soon as is comeniemnt afler
the HeliBond hes started to gel. Emuretbatpomungdaunot
disturh the y/HaliBond

A\ Atways locsts, ideniiy end lsolate any electrical, water or ges
sarvices which may be presant In the weil or the wall cavitiss and
can posa a safely risk before driifing or cutting. Afways take the

¥ safely # Use eiscirical salfely gloves and
wear appropriste footwast and eyoweatr.

For cutting slots up to 46mm deep .. ...Wall chaser, mortar saw or

der with vacuum attachment
To achieve final depth of slot beyond 40mm.........cccccceee Hand cr Helifix

Power Chisel
For mixing HeliBond Dill with mixing paddle

For injection of HeliBond into slots .........oocceeeeesnd Helifix Pointing Gun
with mortar nozzle

For smoothing pointing ... Standard finger trowel

The following criteria are to ba usad uniess specified othorwise:

A. Depth of slot imto the masonry to be 25mm to 35mm + the thickness
of the render.

B. Helght of slot to be equal 1o full mortar |oint helght, with a minkmum
of Bmm.

€. HellBar to be long enough to axtend a minimum of 500mm alther side
of the crack or 500mm bayond the cuter cracks if two or mone
adlacent cracks ane being stitched wsing one rod.

D. Normal vertical apacing |s 340mm {4 brick courses).

E. Where a creck |s lees then 500mm from the end of a well or an
opening the HeliBar is to be continued for at least 100mm around the
corner and bondad Into the ad|olning wall or bent back and fixed Inte
the reveal, avoiding any DPC.

> Install Halifix remecial wall ties if existing ties are defective in any
way. Refer to Repalr Detells BRTO1-03 for detalls on Hellfix remedial
wall tie installation.

9. In hot conditions ensure the masonry Is well wettad or primed to
prevent prematune drying of the HellBond due to rapld de-watering.
Iceally additional wetting of the slot, or priming with HeliPrimer WB,
should be camled out Just prior to Injecting the HellBond grout.

The above spacHication notes are for genaral guidance only and
Helifix resorves the right to amend details/notes as nocossary.

m

& Helifix product details available at www. helifix.com.au.
# If your applicaticn differs from this repair detail cr you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 62
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCSO3 HE[II:IX.

Repairof acracknearacornerina
Balllﬂl wall IISIII!I IIehBars

HeliBar |Grade 316 stainless steel reinforcement bar | HBR L ”' - - . : g : 4 j[

HeliBond |Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vacuum | 1
attachment, cut slats into the herizontal mortar joints, to the | | |
specified depth and at the required vertical spacing.” Ensure = 1 = s e I =
that as rouch rmortar is removed as possible from the — y -
exposed brick surfaces in order to provide a good ELEVATION A ELEVATION B
masanry/grout bond. i the wall is rendered and the mortar = : :

Joints are not visible, cut the helzontal slots through the
render and Into the masonty.

For cutting slots up to 40mm deep................. Wall chaser, mortar saw cr

£ Clean out all dust and loose mortar from the slots and angle grinder with vacuum attachment
thoroughly flush with water, Where the substrate is very To achieve final depth of slot beyond 40mm... ...Hand or Helifix
poreus or fiushing with water s Inapproptiate, use HellPdmer Power Chisel
WE. Eneure the slot Is damp or primed prior to commencing For mixing HeliBond Drill with mixing paddle
step 6. For injection of HeliBond into slots..........ccccooeen. Helifix Pointing Gun

4. Cut the 6mm HeliBar to the required length and bend to fit in Wit mora N0l
the slots. For smoothing pointing Standard finger trowel

4. Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the Helifix Pointing Gun.

5. Fit the morter nozzle to the gun. Tha folowing criteria ars to be used unieas specified otherwise:
8 Inject a bead of HellBond grout, 10-15mm deep, into the i e s
back of the slot. B. Helght of siot to be equal to full mortar joint halght, with @ minimum
7. Push the 8mm HeliBar into tha grout to obtain good of Bmm.
coverage. G. HeliBar 1o be lcng enough to extend a minimum of 500mm sither side
of the crack or S00mm nd the oursr cracks if two or more
& Inject a sacond baad of HellBond grout over the sxpasad sl e s lonihab ey

HallBar and Iron It Into the slot using a finger trowel. Inject

. Normal vertical spacing is 340mm (4 brick courses).
additional HallBond as necessary, leaving 10-15mm for new ey ¢ urses)

E. Wharo a crack Is leas than S500mm from the end of 8 wall or an

pointing. opaning tha HallBar Is 1o be continuad for at least 100mm around the
8. Pgint up the remaining siot with a sultable matching mortar comer and bonded into the adjoining wall o bent back and fixed inte
the reveal, avolding any DFG.
and make good the crack using an appropriate Haellfix e s 25 vl .
% In hot conditions ensure tha masonry is well wetted or pri
bonding agent or filler, depending on the width of tha crack. o drying of the HallBond dus to rapkd de- ng.
10. Clean tools with clean, fresh water. Ideally additional watting of the slot, or priming with HellPrimer WB,
sheuld be camied out just prior to injecting the HeliBond grout.
NOTE. Polnifng may be carrfed oul a8 soon as Is convenlant affer The abovs spacification notes ars for general guldancs only and
the HeliBond has slarfed fo gel. Ensure that pointing does nof Hellfix regorves the right to amend detalls/notes a8 necessary.

disturd the masonry/HalBond connaction.

AN\ Atways tocate, idernlity ami isvlate any edecirical, water or gas
sarvicas which may be prasant in the wall or the wall cavitias amf e . 1 Ex
il £ ik i or 1g. Always take the = Helifix product detalls avallable et wwaw, helifix. com.au.

necassary safely pracautions. Use elecirical safely gloves and = I your application differs from this repair detall or you require specific
wear appropriale footwear end syowear. technical information, call Helifix on 130066 70 71.
TEL. 1300 &6 70 71 HELIFIX (ALULSTRALIA) PTY LTD
Copyright © Hellfix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandrla = NSW s 2015
Figure 63

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSD4

HELIHX

I Repair of a crack near a corner

— _— S eSS

cavity wall using CemTies

s e e

GCemTie |Grade 316 stainless steel structural pin HCT

HeliBond |Injectable cementitious grout HLB

1. Mark the locatlons for the CamTle pins onto the face of the
wall at the required spacing.”

2 Drlll a 16mm & clearance hole through the outer wall to the
required depth.*

4. Clean cut all dust from the hole and thoroughly flush with
water. Where the substrate ls very porous or flushing with
water Is Inappropriate, use HellPrimer WB. Ensure the hole Is
damp or primed pricr to commencing step 8.

d. Attach the required langth of CemTie pinning nozzle to the
Helifix Peinting Gun.

& Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the gun.

& Pump grout to fill the nozzle.

7. Wind the GemTie into the nozzle and ensure that it is fully
covered in grout. (Alternatively, fill the hole with grout and
wind the CemnTie into the grout-filled hole.)

B Insart the nozzle to the full depth of the drilled hole and
pump the grout. Slowly withdraw the nozzle while pumping.
The GamTie will be carried out with the HeliBond grout as it
is forced through the nozzle. Back preasure will help to push
the nezzle back out of the hele.

8. Make good all holes at the surface using either a mixture of
sand, cemant and oxide colouring to match the original
surrounding brick surfaces or a silicone sealant coated with
brick dust or drillings. Make good the crack using an
appropriate Helifix bonding agent or filler depending on the
width of the crack.

18, Clean tools with clean, fresh water.

A\ Atways iocate, identity and isclate any electrical, water or ges
servicas which may be prasant in the wall or tha wall cavitias snd
can po&es a safely risk before drifling or cutting. Always iake the
necessary safely precautions. Use efecirical safely gloves and
woar appropriate fociwear snd eyewear

‘JLJI' tE
p—
= —

ELEVATICN

SECTION A

508 retary hammer drill 650/700w
... Drill with mixing paddle

For drilling
For mixing HeliBond .

For insertion of the CemTies. ..Helifix Pointing Gun with

CemTie Pinning Nozzle

Tha following criteria are to be used unisss spacified otherwise:
A. CemnTies are to be installed at a vertical spacing of 425mm.

B. CemTies ara to exctend af. least 250mm past the crack.

€. Dapth of hole to ba CamTla length + 25mm.

D. Ensura the CemTles are Installad Into solld brick and not the mortar joints
or loose rubble within the wall.

E If cracking eccurs on bath slevations conslder using HellBar crack
stitching around the comer (see Repalr Detell BGS03). f ComTles are to
be usad, they should be staggensd between sach elevation.

F  In hat conditiona ensyra the masonry s well wetted or primed to prevent
premaiure drylng of the HellBond due to rapld de-watering. Ideally
additional wetting of the hole, or priming with HeliPrirer WB, should be
carried out just prior 1o Inserting the CemTle.

The above specification notes ara for general guldance only and

Hellfix reserves the right to amend detalls/notes as necossary.

= Helifix preduct details available at wwwhelifix.com.au.
& lf your application differs from this repair detail or you require specific
technical infermation, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 64
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSDOS5

HELIHX

BN Repairof acracknearacornerina

-
e S S S

Stainless stesl dry pinning system HDF

1. Mark the locations for the DryFix ties onto the face of the wall
at the required spacing. (Refer to the Specification Notes for
typical spacing requirements.)

2. Drill a 5mm @ pilot hole through the near skin and into the
remole akin to the specified depth using a light-weight SDS
hammer drill set to a slow speed and light hammer cnly. A
rotary percuasion 3-jaw chuck drill may be preferred if the
masonry is particularly soft. A 8mm or 6.5mm @ pilot hole
size may be preferred if the masonry is particularty hard.
{Refer to the Specification Notes for typical dapth
requiremerts.)

A. Attach the Helifix Power Driver attachment to an SDS
hammer drill set to a slow speed and light hammer only.
{DryFix ties are self-tapping and will work themselves into the
wall following the hammer action of the drill.)

4. Load the DryFix tia into the power driver attachment.

E. Support the power driver attachment with one hand, while
uging the other to work the drill, and drive the DryFix tie inta
the pre~drilled pilot hole to approximataly 10mm beyond the
surface of the near skin.

B. Make good all holas at the surface using aither a mixture of
sand, cement and oxide colouring to match the original
surrounding brick surfaces or a silicone sealant coated with
brick dust er drillings. Maka good the crack using an
appropriate Helifix bonding agent or filler depanding on the
width of the crack.

£\ Always locats, identify and iselate any slactricai, water ar gas
servicas which may ba prasent in the wall or the wall cavities and
can poso a sately risk bafore drifling or cutling. Always iake the

y safoly pr i Use efectrical safoly gloves and
waar appropriate foctwear snd gyawear.

-I II ] n F-
. - - - — .

]
o Th—

ELEVATION SECTION A
Fordrllingniaaanaaaaunii Retary percussion or SOS rotary
harmmer drill 650/700w
For installation of DryFix... 508 rotary hammer drill and

Dy Fix Power Driver attachment

Tha fallowing critaria are to be ussd unisas specifiad otherwise:

A. DryFix tiag are to be Installed at a vertical epacing of 170mm
(every 2 brick courses).

B. DryFbx tles are to extend at least 70mm past the crackc

€. Depth of plict hole to be DryFlx tle length + 10mm.

D. DryFix tiss are ta be installed at least 26mm in from the brick edge.

E. If cracking occurs on both elevations consider using HeliBar crack
stitching around the comar (sea Rapalr Detall BCS03). i DryFb: tles
am to be used, they should be staggered between aach elevation.

The above specification notes are for general guldance only and
Hellfix resarvas the right to amend detalls/notes as nocossary.

» Helifix preduct details available at wwwe.helifix.com.au.
s It your application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street « Alexandria = NSW s« 2015

Figure 65
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSD8

HELIHX

BCsOg

using GemTies

Grade 318 stainless steel structural pin HCT

CemTie

HeliBond | Injectable cementitious grout HLB

1. Mark the locatlons for the CemTle pins onto the face of the
wall at the required spacing. (Refer to the Spectication
Notes for typleal spacing reguirements.)

Z Drill 2 12-14mm @ clearanca hole, or 16mm & if the CemTie
Is longer than 450mm, at the required location and angle,
and to the specifled depth.”

A Clean out all dust from the hole and thoroughly flush with
water. Where the substrate is very porous or flushing with
water is inapproprizte, use HeliPrimer WB. Ensure the hole is
damp or primes prior to commeneing step 8.

4. Attach the required length of CemTis pinning nozzle ta the
Haslifix Peinting Gun.

5. Mix HaliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the gun.

&. Pump grout to fill the nozzle.

7. Wind the CemTie into the nozzle and ensure that it is fully
covarad in grout. {Altarnatively, fill the hole with grout and
wind the CemTie into the grout-filled hole.)

& Insert the nozzle to the full depth of the drilled hole and
purnp the grout. Slowly withdraw the nozzla while pumping.
Tha CemTie will be carried out with the HeliBond grout as it
is forcad through the nozzle. Back prassura will help to push
the nozzle back out of the hols.

. Make good all holes at the surface using either a mixturs of
sand, cement and oxide colouring to match the original
surrounding brick aurfaces or a silicons sealant coated with
brick dust or drillings. Make good the crack using an
appropriate Helifix bonding agent or filler depending on the
width of the crack.

10. Clean tools with clean, fresh water.

A\ Always Jocats, identify and isoiate any slecirical, water or gas
services which may be preserl i the wall or the wall cavities and
can poss a axfely risk before drilling or cutting. Always take the
mryuhnrpmmuﬂnnl. Usas sfactrical safety gloves and
Waar Spprop and sy

Cross stitching a cracked solid wall

o L] |
[ [ —— | f—

= | |
| [ —
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| oy [ Gl
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AN

Fordullling-caonisainiias 508 Rotary hammer drill 6507 00w
For mixing HeliBond Dirill with mixing paddle
For insertion of the CemTies..........cccoeveeieen e Helifix Pcinting Gun with

CemTie Pinning Nozzle

The following criteria are to be used unless specified otherwise:

A. CernTios ars to be instelled parpendicular to the direction of the plane of
the crack {8.g. In the horizontal plane for vertical cracks and In the
vertical plans for horizorntal cracks).

B. CemTies ara to slart & minimum of 225mm away from the crack.

€. Dopth of hole to ba CamTle langth + 25mm.

D. Angle of drllling to be such that the CemTles wlll pass through the creck
within the centrs third of the wall.

E CoamTles are to start from altarnate sides of the crack and 1o be at
225mm epacing measurad along the langth of the crack.

F. In hot conditions ensure the masonry is well wetted or primed to prevent
premature drylng of the HellBond due to rapid de-watering. |
additional watting of the hole, or priming with HeliPrimer WE, should be
camad out |iest prior 1o Inserting the GemTie.

The above spacification notes are for general guldance enly and

Hallfix ressrves the right to amend detalle/notes as necessary.

= Helifix preduct details available at wwwe. helifix.com.au.
& lf your applicaticn differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandrla » NSW = 2015

Figure 66
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSDO9

HELIHX

scsos Bellall‘ III | crack nearacormer

HeliBar |Grade 3186 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1. Using an appropriata power cutting tool with vacuum
attachment, cut slots into the horizontal mortar joints, to the
apeclfied depth and at the required vertical spacing. (Refer to
the Speclfication Notes for typlcal depth and spacing
requirements.) Ensure that as much mortar ls removed as
possible from the exposed brick surfaces In order to provide
a good magonry/grout bond. i the wall Is rendered and the
mortar Joints are not visible, cut the horizontal slets through
the render and Into the masenry.

Z Clean out all dust and loose mortar from the slots and
thoroughly flush with water. Where the substrate Is very
porous or flushing with water Is Inappropriate, use HellPrimer
WB. Ensure the slot Is damp or primed prior to commencing
step 5.

4. Mix HellBohd cementitious grout thoroughly using a drll and
mixing paddie and load Into the Hallfix Fointing Gun.

4. Fit the mortar nozzle to the polnting gun.

5. Inject a bead of HeliBond grout, 10-16mm desp, into the
back of the slot.

8. Push the Bmm HeliBar into the grout to obtain good
coverage.

T. Repeat steps 5 and 6 as required to install all specified
HeliBar into the slot.

E. Inject a final bead of HaliBond grout over the exposed
HeliBar and iron it into the slot using a finger trowel. Inject
additional HeliBond grout as neceasary, leaving 10-15mm for
new poeinting.

8. Peint up the remaining slot with a suitable matching mortar
and maka good the crack using an appropriate Helifix
bonding agent or filler depending on the width of the crack.

18, Clsan tools with clean, frash water.

NOTE Polnting may be carriad out a5 soon as is cormenifent afier
the HellBond has starfed to gel. Enurn that pointing does not
isturd the yi/HeliBond

A\ Atways focats, identify and isotate any sfectrical, water or gas
sarvives which may be present in the wall or the wall cavities and
can pose 8 salely risk before drilling or cutling. Always teke the
necessary safaty precautions. i/se elsctrical aafaty gloves snd
wear approprizte footwear and eyewsar.

I | [ I 2 -
- L -
| L | 1 .
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For cutting slots up to 40mm deep
or ang

Wall chaser, mortar saw
er with vacuum attachment

To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
For mixing HeliBond

Dirill with mixing paddle

For injection of HeliBond into slots...........cccooeeeld Helifix Pointing Gun
with mortar nozzle

For amoothing pointing Standard finger trowel

The following criteria are to be used uless specified otherwise:

A. Allow for the Installation of one HellBar for sach aldn of brickwork into
each cut slot. By example, a common 230mm solld wall construction
(equivalent o two skins of tied briciowork) will require the installation of
twa HellBars per slot. A solld wall equivalent In depth to three skins of
bonded masonry will require three HeliBars per slot.

B. Deprth of siot Into the masoniy to be 35mm to 40mm -+ thickness of any
rendar;, assuming 8 230mm eolld wall, Add 10mm for each additional skdn
of brickworlc

C. Helght of sict 1o be equal to full mortar oint helght, with a minimum of
Bmm.

D. HeliBar to be long enough to sxdand a minimurm of 500mm sither side of
the crack or S500mm bayond the outar cracks If twa or more adjacent
cracks are being stitched using one rod.

E. Nommal vertical spacing is 340mm (4 brick courses).

F. Whete a crack la less then 300mm from the and of a wall or an apening
the HellBar Is to be continued for at least 100mm around the comer and
handed into the adjeining wall or bent back and ficed into the reveal,

avolding any DPC.
G In hot conditions ensure the masonry is well wetted or primed to prevent
premature drying of the HellBond due to rapid de-watering. [deally

addiional wetting of the slot, or priming with HellPrimer WB. should be
caried out just prior to injscting the HeliBond grout.
Tha above spacification notes are for gsneral guldancs only and
Hellfix resorves the right to amend detalle/notes as necessary.

& Helifix preduct detals available at www. helifix.com.au.
» If your application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 67
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCS10

HELIHX

BCsS 10

CemTie |Grade 318 stainless steel structural pin HCT

HeliBond |Injectable cementitious grout HLB

1. Mark the locatlons for the CemTle pins onto the face of the
wall at the required spacing.”

2. Drill 2 16mm 2 clearance hola through the outer wall to the
required depth.”

4. Clean out all dust from the hole and thoroughly flush with
water. Where the substrate is veary porous or flushing with
water is inappropriate, use HeliPrimer WB. Ensure the hole is
damp or primed prior t0 commencing step 8,

4. Aftach the required length of CemTie pinning nozzle to the
Helifix Pointing Gun.

E. Mix HeliBond cemantitious grout thoroughly using a drill and
mixing paddle and load into the gun.

8. Pump grout to fill the nczzle.

F. Wind the CemTla Into the nozzle and ensura that It s fully
covered in grout. (Alternatively, fill the hole with grout and
wind the CemTie into the grout-filled hole.}

& Insert the nozzle to the full depth of the drlled hole and
pump the grout. Slowly withdraw the nozzle while pumping.
The CemTle will be carrled out with the HellBond grout as It
is forced through the nozzle. Back prassura will help to push
tha nozzle back out of the hole.

B. Maks gooed all holss at the surface using sither a mbdure of
sand, cement and oxide colouring to match the original
surreunding brick surfaces or a silicone sealant coated with
brick dust or drillings. Make good the crack using an
appropriate Helifix bonding agent cr filler depending on the
width of the crack.

10. Clean tools with clean, fresh water,
/N Atways tocate, identity and isofato any eloctrical, water or gas

sorvices which may be pregont in the wal or the wall cavities and
can pose & safely risk bajors driliing or cutiing. Afways take the

Renair of acrack nearacorner
in a solid wall using CemTies

r_:“ ]ll—;G T T, 81 L \‘ |“T?’
:L\—"—IDD IT'_“‘ T 1L I 1 8

SECTION A

ELEVATION

For drilling ..SDS rotary hammer drill 850/700w
For mixing HeliBond ... Drrill with mixing paddle

For insertion of the CemTies.........ccoeeeeenes Helifix Pointing Gun with
CemTie Pinning Nozzle

The following criteria are to be used unless specified otherwise:

A. CemTies ara to ba installed at & maximum verical spacing of 425mm.

B. CamTlea ara to extend an equal distance, and typically to not mare than
500mm, elther sldse of the crack.

C. Depth of hale to be CemTie length +25mm.

D. Ensure the CemTies ara ingtalled into solid brick and not the morter jointa
or loose rubble within the wall,

E. If cracking occurs on both elevations consider using HeliBar crack
sthching around the camer. If CemTles havaio be usad, they should be
staggersd betwesn each elevation.

F. In hot conditions ensure the masonry is well wetied or primed to prevent
premature drying of the HellBond dua to rapid da-wataring. |
additional wetting of the hole, or priming with HeliPrimer WB, should be
camied out just prior 1o Inserting the GemTie.

The above specification notes are for general guidance only and
Halifix rassrves the right to amend detalla/notes &% necessary.

v safely p ris Usae safety gioves and #= Helifix preduct details available at wwaw, helifix.com.au.
= It your application differs from this repair detail or you require specific
wear apyropriate foolwear and eyewoar: technical informaticn, call Helifix on 1300 66 70 71.
TEL. 1300 66 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright & Helifix Limited 2009 Unit 24, 34-36 Ralph Street « Alexandria « NSW « 2015
Figure 68

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCS11

HELIHX

N Repair of a crack near a corner

HeliBar |Grade 316 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vasuum
attachment, cut slots Into the harzontal mortar joints, to the:
specified depth and at the required vertical spacing. (Refer to
the SpecHication Notes for typical depth and spacing
recuiremaents.) Ensurs that as much mortar Is removed as
poselble from the exposed surfaces In order to provide a
good masonry/grout bond. This oparation may require the
use of hand tools 1o remove the mortar due to the random
nature of the stona.

2 Clean out all dust and loose mortar from the slots and
theroughly flush with water. Whene the substrate Is very
porous or flushing with water Is Inappropriate, use HellPrimer
WB. Ensure the slot is damp or primed prior to commencing
stap 5.

4. Mix HellBond cementiious grout thoroughty using a drill and
mbxdng paddie and load Into the Hellfix Polnting Gun.

d. Flt the mortar nozzle to the polnting gun.

£ Injecta bead of HeliBond grout, 10-15mm desap, inte the
back of the slot.

8. Push the 6mm HeliBar into the grout to cbtain good
coverage.

7. Repeat steps 5 and 6 as required to install all specified
HeliBars into the slot.

i Inject a final bead of HeliBond grout over the exposed
HeliBar and iron it into the slot using a finger trowsl. Inject
additional HeliBond grout as necessary, leaving 10-15mm for
new pointing.

& Point up the remaining slot with a suitable matching mortar
and make good the crack using an appropriate Halifix
bonding agent or filler, depending on the width of the crack.

1. Clean tools with clean, fresh water.

WOTE, Pointing may be carried out as soon a3 Is convenient affer
the HeliBond has started to gel. Ensurs that pointing does not
disturh the masonry/HaifBond connection.

A\ Atways locats, kentiy and isolsts any slectrical, weter or gas
sarvices which may ba prasent in the wai or tha wall cavitfes and
can poss a safaly risk bafore driffing or culting. Always take the
necessary safely precautions. Use elecirical safely gloves and
wear approprigte footwesr and eyewaar:

For mixing HeliBond
For injection of HeliBond into slats.

For cutting slots up to 40mm deep.........ocoeeees ) Wall chaser, mortar saw
crangle grinder with vacuum attachment

To achieve final depth of slot beyond 40mmHand or Helifix Power Chisel

rill with mixing paddle

...Helifix Pointing Gun
with mortar nozzle

For smoothing painting.........cccoooeee e e Standard finger trowel

The following criteria are to be used unless specified otherwise:

A. Allow for the Installation of one HellBar for each 100mm of wall thicimess
Inta sach cut slot. By sxample, a commaon 200mm salld stone wal
construction will require the insteligtion of twa HeliBars per alot. A
300mm =olld wall construction will require three Hellbars per slot.

B. Depth of slot into 2 common 200mm stone wall to be 35mm to 40mm.
Add 10mm for sach addiional 100mm of wall thicknass.

C. Helght of slot to be equal to full mortar [oint helght, with a minimum of
Bmim.

D. HeliBar to be long enough to extend @ minimum of SD0mm either side of
the crack or 500mm beyond the outer cracks If two or more adjacent
crachs are being stitched using onerod.

E Nonmal vertical apacing ls 425mm.

F. Whans a crack la |ess than 300mm from the and of & wall or an opening
the HeliBar is to be continued for at least 100mm around the comer and
bonded Into the adjoining wall or bent back and fixed Into the reveal,
avoiding any DPG.

G. In hot conditions ensure the masonry is well wetted or primed to pravent
prematune drying of the HellBond due to rapld da-watering. Ideally
additional wetting of the slot, or priming with HeliPrimer WB, should be
camed out |ust priorio Injecting the HallBond grout.

The above spacification notes are for gsneral guldancs only and

Helifix reserves the right to amend detalls/notes as necessary.

# Helifix product details available at www. helifix.com.au.
= Ifyour application differs frem this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 69
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCsSD6 /BCsSO7 HE[I':IX

Crack stitching a solid wall

using

“ I-B
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HeliBar

Grade 316 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1.

Using an appropriate power cutting tool with vacuum
attachment, cut slots Into the brick or horlzontal mortar
Joints, to the spacified depth and at the required vertical
spacing. (Refer to the Specification Notes for typlcal depth
and spacing requirements.) Ensure that as much mortar is
removed as possible from the expossad brick surfaces in
arder to provide a good masonry/grout bond. I the wall is
renderad and the mortar joints are not visibla, cut the
horizontal slots through the render and into the masonry.
Glean out all dust and loosa mortar from the alots and
thoroughly flush with water. Where the substrate is very
porous or flushing with water is inappropriate, use a suitable
primer. Ensurs tha slot is damp or primed prior to
commencing step 5.

Mix HaliBend cementitious grout thoroughly using a drill and
mixing paddle and load into the Helifix Pointing Gun.

Flt the mortar nazzle to the polnting gun.

. Inject a bead of HellBend grout, 10-15mm deep, Into the

back of the slot.
Push the 6mm HellBar Into the grout to obtaln good
coverage.

. Repsat stepe 5 and & as required to install all spacified

HeliBar into the slot.

Inject a final bead of HeliBond grout cver the exposed
HeliBar and iron it into the slot using a finger trowel. Inject
additional HeliBond as necessary, leaving 10-15mm for new
pointing.

Point up the remaining slot with a suitable matching mortar
and make good the crack using an appropriate Helifix
bonding agent or filler, depending on the width of the crack.

. Glean tools with clean, fresh water.

NOTE Polniing may ba carried ot as soon oz Is convenian? after
tha HellBond has started to gel. Ensure that polnting doss not
disturd ifve masonry/HeliBond connection.

/. Always locate, identify and isolsts any sisctrical, water or gas
sarvices which may be presont in the wall or the wall cavitfes and
can pose a sxfely risk before drifling or culting. Always take the

y aafaly pr i Usa slacirical safely gioves and
wear approprizte footwear snd syswsar
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For cutting slots up to 40mm deep ...t Wall chaser, mortar saw

crangle grinder with vacuum attachment
To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
For mixing HeliBond Crill with mixing paddle

For injection of HeliBond into slots.

....Helifix Peinting Gun
with mortar nozzle

For smoothing pointing.........ooc v iecneis e Standard finger trowel

The following critaria are to be used unlssa specified otherwise:

A. Allow for the Inatallation of one HallBar for each akin of briclowork into
each cut slot. By example, a common 230mm solid wall construction
{equivalent to two sidns of iad brickwork} will require the Instaliation of
two HellBars per slot. A solld wall equivalent In depth to three skins of
bancied masonry will nequire three HeliBars per sict.

B. Depth of alot Into tha masonry to be 35mm to 40mm + thickneas of any
render, assuming a 230mm solid wall. Add 10mm for each additional skin
of brickwaric

C. Helght of slot to be equal to full mortar joint haight, with a minlmum of
8mm.

D. HeliBar to ke long enough to extend a minimum of 500mm either side of
the crack or 500mm beyond the otler cracks If two or more adjacant
cracks are baing stiiched using one rod.

E. Normal vertical apacing Is 340mm (4 brick courses).

F. Whera a crack s less than 500mm from the and of a wall or an opening
the HeliBar is to be continued for at lsast 100mm around the comer and
bondad Into the ad]oining wall or bent back and fbeed Into the reveel,
avolding any DPC.

Gi. In hot conditions ensure the masonry is well wetted or primed to prevent
premature drying of the HallBond due 1o rapld de-watarng. |daally
additional wetting of the slot, or priming with HeliPrimer WB, shoukd be
camad out Just prior to Injecting the HellBand grout.

The above apacification notes are for general guldance only and
Hallfix ressrves the right to amand detslls/notes as necessary.

= Helifix product details available at wwaw. helifix.com.au.
= Ifyour applicaticn differs from this repair detail or yeu require specific
technical informaticn, call Helifix on 130066 70 71.

TEL. 1300 &6 70 71
Copyright & Hellfix Limlted 2008

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW « 2015

Figure 70

Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCS12/BCS13

HELIHX

Repair of a crack near a corner
in a stone wall using CemTies

CemTie |Grade 316 stainless steel structural pin HCT

HeliBond | Injectable cementitious grout HLB

1. Mark the locations for the CemTle pins onto the face of the
wall at the required spacing. (Refer to the Specification Notes
for typical spacing requirements.)

Z Drilla 16mm @ clearance hole through the outer wall to the
required depth. (Refer to the Speciication Notes for typlcal
depth requirements.)

3. Clean out all dust from the hole and thoroughly flush with
water. Where the substrate is very porous or flushing with
water is inappropriate, use HeliPrimer WB. Ensure the hole is
damp or primed prior to commencing step 8.

4. Attach the required lsngth of CemTie Pinning Nozzle to the
Helifix Peinting Gun.

5. Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the gun.

B. Pump grout to fill tha nozzle.

7. Wind the GemTie into the nozzle and ensura that it is fully
coverad in grout. (Alternatively, fill the hola with grout and
wind tha CemTie into the grout-filled hole.)

& Insert the nozzla to the full depth of the drlled hole and
pump the grout. Slowly withdraw the nozzla while pumping.
The GamTis will ba carried out with the HeliBond grout as it
is forcad through the nozzle. Back preasune will halp to push
the nozzle back out of the hela.

8. Make good all holas at the surface using aither a mixturas of
sand, cement and oxide colouring to match the original
surrounding brick surfacas or a silicone sealant coated with
brick dust or drillinga. Make good the crack using an
appropriate Helifix bonding agent or filler depending on the
width of the crack.

10. Clean tools with clean, fresh water.

A Always foctrle, identify and isolate any olecirical, waler or gas
senvicas which may be prasant in the wall or the wall cavities and
can poss a safaly risk before driffing or cutting. Ahways iake the
necessary safely precautions. Use elacirical safely ploves and
wear appyopriale footwear and oyowear:

Repair of internal and external cracks near a corner, BCS13

For drilling SD8 rotary hammer drill 850/700w

For mixing HeliBond Dl with mixing paddle

For insertion of the CemTies ... Helifix Pointing Gun with
CemTie Pinning MNozzle

The following criterla are to be used unless specified otherwise:

A. ComTies are to be installed at a vertical spacing of 425mm.

B. ComTies ara to exdend an equal digtance, and typically to not mong than
500mm, elther slde of the crack.

€. Depth of hole to ba CemTie length + 25mm.

D. Ensure the CemTies are installed into solid store and not the mortar
Joints or loosa rubble within the wall.

E. [If eracking oceurs on both elavations consider using HellBar erack
siitching around the comer (see Repair Detail BSS11). if CamTies have
to be used, they should be staggered between each elevation.

F. In hot conditions ensurs the masonry ie well wetted or primed to prevent
premature diying of the HellBond due to rapid de-wttering. Ideally
addiional wetting of the hole, or priming with HellPrimer WE, should be
carried out juwst prior 1o ingerting the CemTie.

The above specification notes are for general guldance only and
Hallfix resarves the right to amend detalls/notes as necossary.

= Helifix product details available at wanw. helifix. com.au.
= I your application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street « Alexandria = NSW s« 2015

Figure 71
Source: http://www.helifix.com.au/masonry repair_details.html
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Helifix have also developed procedures for creating load bearing beams in cavity or solid walls
using HeliBars (see Figures 72 and 73). This is where two of the stainless steel reinforcement bars
are grouted into a wall, one on top of another and concealed with a matching mortar.

Helibars may also be used for lintel stabilisation. Slots are cut into the horizontal mortar joints and
HeliBars grouted into place until all slots have been filled (see Figure 74).
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REPAIR DETAILS BLBO1/02/04 HEI_I':IX

Creating load-heariny heams in cavity
or solid walls using HeliBars, external
and/or internal Beaming

HeliBar |Grade 318 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vacuum
attachment, cut slots into the horizontal mortar joints, to the
specified depth and at the required vertical spacing. (Rsfer to
the Specification Notes for typical depth and spacing
raquiremerts.} if tha wall is plasterad/rendsrad and the
mortar joints are not visible, cut the horizontal slots through
any plaster/render and into the masonry. Ensure thet as
much mortar is removed as possible from the exposed brick
surfaces in ordar to provide a good masonry/grout bond.

2. Clean out all dust and loosa mortar from the slots and
thoroughly flush with water. Whare the substrate is very
porous or flushing with water is inappropriate, use HeliPrimer
WB. Ensure the slot is damp or primed prior to commancing
step 5.

A Mix HeliBond cementitious grout thoroughly using & drill and
mixing paddie and load into the Helifix Pointing Gun.

4. Fit the mortar nozzla to the peinting gun.

E. Inject a bead of HeliBond cementitious grout, 10-15mm
deep, into the back of the slot.

8. Push the first 6mm HellBar Into the grout to obtaln good

coverage.

Inject a second bead of HellBond grout over the exposad

HellBar.

B. Pushthe second 6mm HellBar Into the grout to cbtaln good
coverage.

B Inject athird bead of HeliBond grout over the exposed
HellBar and Iron k Into the slot using a finger trowel. Inject
additional HellBond as necessary, keaving 10-15mm for new

polntng.
10. Point up the remaining slot with a suitable matching mortar.
11. Clean tocls with clean, fresh water.

b

NOTL Polniing may ba carriad out a8 socn a3 is conveniant after
M-H-ﬂﬂmdﬁnlhrhdmg-l.fmm that poimting doss not
disiurd ife fHellBond

A\ Amways tocats, idantlly and isolate any electrical, water or gas
services which may be presemt in the wall or the well cavitfes and
mmammmmwmmmm

safaly pr Usa slsctrical safely gloves and
wear appropriaie footwear and syswaar:

Helifix product details available at www.helifix.com.au.
If yeur application differs from this repalr detail er you require specific
technical information, call Helifix on 1300 86 70 71.
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Solid wall, BLBO4
For cutting slots up to 40mm deep...........c..eees Wall chaser, mortar saw

or angle grinder with vacuum attachment
To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
For mixing HeliBond
For injection of HeliBond into slots..

.Drill with mixing paddie

Helifix Pointing Gun
with mortar nozzle

For amoothing pointing......c.c s e Standard finger trowel

The following criteria are to be usad unless specifisd otherwise:

A. A minimum of two HellBars should ba installed Into sach cut siot. Allow
for the installation of one additional HeliBar per slot for sach additional
akin of brickwork over the standard two when creating beamns In deap
solid walls.

B. Depth of slot into the masonry of a CAVITY WALL to be 40mm to 55mm
+ the thickness of any plaster (internal) or render (extemnal). Depth of slot
inte the masonry of a SO0LID WALL {230mm) to be 55mm to 70mm + the
thickness of any plaster or render. Add 10mm for each additional skin of
briclework.

G. Height of slot to be equal to full mortar joint height, with & minimum of
Brmm.

D. If HellBars are 1o ba joined In a stralght run, overlap the bare by a
minamum of 500mm.

E. Top and bottom rainforcaments shauld be poaltioned aa far apart as
practicable, up to a maximum distance equivalsnt to 10 brick courses
(apperox. B50mm).

F Any fractures In the masonry within the "beam zone® MUST be atablliaed
by crack stitching (see Repair Detail BCS01), CrackBond TE ar
raplacement of the masonry.

Q. Any missing or very poor qualiy masonry MUST be replaced.

H. Install Helifix remedial wall ties if existing ties are defective in any way.
Refer to napaeruialla BRTQ1-03 for datalls on Hellfix remedlal la

I. Multiple Helibsame shoukd be installed siarting at the top and working
down to the bottom.

J. In hot conditions ensure the masonry Is wall watted or primed to prevent
premature drying of the HeliBond due to rapid de-walering. |deally
additional wetting of tha slot, or priming with HellPdmer WB should ba
carried out just prior to injecting the HeliBond grout.

The above specification notes are for general guldance only and
Helifix reserves the right to amend detals/notes as necessary.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2008

HELIFIX {AUSTRALIA)} PTY LTD
Unit 24, 34-36 Ralph Street » Alexandtla » NSW s 2015

Figure 72
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAILS BLBDO1/02/04 HEI_II:IX

Creating load-bearing heams in cavity
or solid walls using HeliBars, external
and/or internal Beaminy

HeliBar |Grade 316 stainless steel reinforcement bar |HBR ] | — Hﬁ I ”

=
-4] S
Fu = —

1. Using an appropriata power cutting tool with vacuum Cavity wall BLBO1 (externaly and BLBOZ (internal)
attachment, cut slots into the horizontal mortar joints, to the l ‘ I i I
specified depth and at the required vertical spacing. (Refer to 4
the Specification Notes for typical depth and spacing ] ]| [ |
requirementts.} If the wall is plastered/rendered and the | — | —
mertar joints are not visible, cut the horizontal slots through e ] - -
any plaster/render and into the masonry. Ensure that as _||_ \ -4 :
much mortar is removed as possible from the exposed brick S —— T .
surfaces in ordar to provide a good masonry/grout bond. "‘—”— ‘

2. Clean out all dust and loosa mortar from the slots and
thoroughly flush with water. Where the substrate is very
porous or flushing with water is inappropriate, use HeliPrimer

WB. Eneure the slot is damp or primed prior to commancing
step 5. For cutting slots up to 30mm deep......c.cceceeennn Wall chaser, mortar saw
or angle grinder with vacuum attachment

HeliBond |Injectakle cementitious grout HLB

Solid wall, BLBO4

A Mix HeliBond cementitious grout thoroughly using & drill and
mixing paddle and load into the Heslifix Pointing Gun.

4. Fit the mortar nozzla to the peinting gun.

E. Inject a bead of HeliBond cementitious grout, 10-15mm
deep, into the back of the slot.

8. Push the first émm HellBar Into the grout to obtaln good
coverage.

To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
Crrill with mixing paddle

For mixing HeliBond
For injection of HeliBond into slots. Helifix Peinting Gun

with mortar nozzle
For smoothing pointing. ... e Standard finger trowe|

7. Inject a second bead of HellBond grout over the exposed
HellBar.

A. Push the second 6mm HellBar Into the grout to obtaln good
coverage.

E. Inject a thind bead of HeliBond grout over the exposed
HellBar and Iron It Into the slot using a finger trowel. Inject
addiional HellBond as necessary, leaving 10-15mm for new
polnting.

10. Point up the remaining slot with a suitable matching mortar.
11. Clean tools with clean, fresh water.

NOTL Polniing may ba carriad out as soon a2 Is convenient after
tha HelfBond has started to gel. Enlmﬂmtpohlthgdmtnat
disiurb the y/HeliBond

/\ Atways focate, idantity and isolate any slectrical, water or gas
sarvices which may be prosernt in the wall or the wall caviifes and
mm-mmmmwanm Always tako the
y aafaly p iactrical safely gloves and
MMWMW

Helifix preduct details available at www.helifix.com.au.
If your application differs from this repair detail or you require specific
technical infermation, call Helifix on 130066 70 71.

Tha following critaria are o be usad unisas specified otherviss:

A. Aminimum of two HellBars shoulkd ba Installed Into sach cut slot. Allow
for the installation of one additional HeliBar per slot for each additional
akin of brickwork over the standard two when creating beama In deap
solid walls,

B. Dapth of siot into the masonry of a CAVITY WALL to be 40mim to 55mm
+ the thickness of any plester {nternal) or render (extemal). Depth of slot
into the masonry of a SOLID WALL {230mm) to be 55mm to 70mm + the
thicknasa of any plastaer or render. Add 10mm for sach additional aldn of
brickwaork.

G. Hoight of slot to be equal to full mortar joint height, with a minimum of
Bmim.

D. If HellBars are to ba |olned In a stralght run, overlap the bars by a
minimum of 500mm.

E. Top and botiem reinforcaments should be poaltioned aa far apart aa
practicable, up o a maximum di I it to 10 brick
(approx. B50mm).

F. Any fractures In the masonry within the "baamn zone’ MUST be atabllisad
by crack stitching (sea Repair Detail BCS01), GrackBond TE or
replacamant of the masonry.

Q. Any mizsing or very poor quality masonry MUET ba replaced.

H. Install Helifix emedial wall ties if existing Bes are defectiva in any way.
Refor 1o Raperu!alls BRTO1-03 for datalls on Hallfix remadial e

. Muliple Hellbeams should be installed starting at the top and working
down to the bottom.

J. In hot conditions ensure the masonry |s well wetted or primed to prevent
premature drying of the HeliBond due to rapid de-watering. Ideally
additional wetting of tha sict, or priming with HellPdmer WB should ba
carried out just prior 1o injecting the HeliBend grout.

The above specification notes are for general guldance only and
Helifix reserves the right to amend details/notes as nocessary.

HELIFIX {AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandria » NSW s 2015

TEL. 1300 66 70 71
Copyright © Hellifix Limited 2008

Figure 73
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BLRO1 HE[II:IX.

Stahilising failed lintels in cavity walls
using HeliBars

ust_ Descriptio =

HeliBar |Grade 316 stainless steel reinforcement bar | HBR =4 L :“

HeliBond |Injectable cementitious grout HLB F| i— | \| Il I 4| | 3 .j‘;
el B —al— L — )]

METHOD STATEMENT [ | I [ | | -

T - I I | - \

1. Using an appropriate power cutting tool with vasuum - | | | e e,

attachment, sut slots into the horizontal mortar joints, to the . < IE 1= | I 2 [

specified depth and at the required vertical spacing.” If the ] | —— i I -

wall is plastered/rendered and the mortar joints are not = s | £ |
visible, cutt the horzontal slots through any plaster/render | — E
and Into the masonry. Ensure that as much mortar s A
removed as possible from the exposad brick surfaces In r
arder to provide a good masonry/grout bond. ' AMENDED

2. Clean out all dust and loose mottar from the slots and o nr s .

thoroughly flush with water. Where the subsirate Is very For cutting slots upto 40mm deep........ccoeveceeenee Wall chaser, mortar saw
porous or flushing with water Is Inappropriate, use HellPrimer or angle grinder with vacuum attachment
WB. Ensure the slot are damp or primed prior to For drilling SDS rotary hammer drill 850/700w
commencing step 5. For mixing HeliBond Drill with mixing paddle

4, Mix HellBond cementious grout thoroughly using a drll and For injection of HeliBond into slots.. ...Helifix Pointing Gun
mbdng paddie and load Into the Hellfx Polnting Gun. vith mortar nozzle
For insertion of the CemTies........ccvevn e Helifix Peinting Gun with

4. Fit the mortar nozzle to tha pointing gun.

5. Inject a bead of HeliBond cementitious grout, 10-15mm For smoothing pointing
deap, into the back of the slot.

CemTie Pinning Nozzle
............................................ Standard finger trowel

8. Push the first 6mm HeliBar into the grout to obtain good * Spacification Noles
coverage. The foliowing criteria sre to be used unieas specifisd otharwise:
7. Inject a second baad of HeliBond grout over the exposed A_ Dspth of slot o ry 1o 40rmm to 85mm
Hellpar B. Helght of siat to ba equel o full mortar jolrt helght, with & minimum of
A. Push the second 8rmm HeliBar into the grout to obtain good gmm.
covarage. €. Top and bottom reinforcements should be positioned as far apart as
9. Injact a third baad of HellBond grout over the sxposed ficable, up to & maximum d aqulvalert to 10 brick courses
HellBar and Iron It Into the slot using a finger trowal. Inject (epprox. 850mim).
additional HellBond a necessary, leaving 10-15mm for new 2k H:':’B:f’:;b’ g afioufh o extebd e i ckadENTi Heyontlamall
inting. & opening.
polning E. Any fractures in the masonry within the ‘beam zone’ MUST be stabilised
10. Repeat staps 5 to 8 for remalning slote. by Grack Stitching, CrackBond or masonry raplacement.
1. Polnt up the remalning slots with a sultable matching mortar. @. Any missing or very poor quallty masonry MUST bae replaced.
Make good the cracks with an appropriate Hellfix bonding H. In hot conciitions ensure the masonry ks well watted or primed to pravent
agent depending on the width of the crack. prematura drying of the HellBond duae to rapld de-watering. kdeally
. additional wetting of the slots and holes, or priming with HeliPrimer WE,
AL Clean tools with cleen, freeh. werier, shoukd be carmed out[ust prior £ Injesting tha HelBond.
ﬂ;m Paht::"chb:w n:nonm.l:ihmmﬂ;l::::‘r The above speclfication noies are for general gulkdance only and
g Ly A Helfix il 3
J “um"'m' i % okfix resorves the right to amend details/notes as necossary.

ﬁ}.Ahw,wlouh. identify and fsolate any elecirical, waler or gas
warvices which may be present in the wall or the wall caviies and
can poss a safety riak bafore drifing or cutting. Always taks the

® Helifix product details available at www._helifix com.au.

necessary cafety precaufiona. Use electrical safety gloves and = It your application differs from this repair detail or you require specific
wear approp and ay technical information, call Helifix on 1300 66 70 71.
TEL. 1300 66 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright @ Helifix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015
Figure 74

Source: http://www.helifix.com.au/masonry repair_details.html
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HeliBars can be used to create movement joints in masonry walls. A movement sleeve is placed
over one half of the HeliBar and grouted into place, ensuring no grout comes into contact with the
area of bar encased by the sleeve to protect its movement capability (see Figures 75 and 76).
BowTies, stainless steel remedial wall ties, can be used to restrain a bowed wall by driving the tie
into joist ends. Resin is injected to secure the tie (see Figures 77 and 78).
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REPAIR DETAIL BMJO1 HE[I[IX'

BMJIO1

Creating movement joints in
cavity walls using HeliBars

HeliBar |Grade 316 stainless stesl reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

==

. Mark the position on the wall for the movement joint.

Ingtall the specified number of approptate Hellfix wall tles
adjacent to the location of the movement joint.”

Using an appropriate power cuiting tool with vacuum
attachment, cut siots Into the horizontal mortar joints efther
side of the movement |oint, to the specified depth and at the
required vertical spacing.” Engure that as much mortar is
removed as possible from tha exposed brick surfacss In order
to provide a good masenry/grout bond. If the wall is rendered
and the mortar jolnts are net visible, cut the horizontal slots
through the render and into the masonry.

Cut the movemnent Joint to the speciied width and at the
required location.

Clean out all dust and mortar fram the slots and thoroughly
flush with water. Where the substrate Is very porous or flushing
with water Is Inappropriate, use HellPrimer WB. Ensure the slot
Is damp or primed prior to commencing step 8.

&. Mbx HellBond cementitious grout thoroughly using a drll and

mixing paddie and load Inta the Hellfix Pointing Gun.
Fit the mortar nozzle to the pointing gun.

Injact a bead of HaliBend grout, 10-15mm deep, into the back
of the slot.

#. Fit tha movemnent sleeve over one half of the 6mm HeliBar and

push tha complete assembly into the grout ensuring a good
bond between the HeliBar and the sleeva in the slot. Ensure
that ne grout comes into contact with the snd of the HeliBar
covered by the slsave, as this end must bs free to move.

10. Inject a sscond bead of HeliBond grout up against the HeliBar

and sleeve assembly to obtain good coverage of both.

11. Poeint up the remaining slot with a suitable matching moertar.
1Z Seal the joint with a suitable flaxible mastic type material.
14, Clean tools with clean, fresh water.

ROTE. Polrrbing may be carried oul as soon as fs convenient after the
HuliBond has started to gol. mmmmmm
the ryiHaiBond

A\ Anways tocats, identify snd isolate any electrical, water or gas
sorvices which may ba present In the wall or the wall cavities and
can posa & eafety risk before drililing or cutiing. Always take the
neceasary safoly precautions. Use clectrice! salely gloves snd wear
appropriate f and ey

- e -
EI\QWQMJL\

For cutting slots up to40mm deep.........ccee e Wall chaser, mortar saw
or angle grinder with vacuum attachment

To achieve final depth of slot beyond 40mm ..o Hand or Helifix
Power Chisel

For drilling wall tie pilotholes .......... Light-weight SDS rotary hammer drill
or retary percussion drill 650/700w

For installation of DryFix wall ties........ 505 retary hammer drill 650/7 00w
and SOS power driver attachment

For mixing HeliBond Dirill with mixing paddle
For injection of HeliBond into slots..............c...... Helifix Pointing Gun

with mortar nozzle
For amoothing pointing Standard finger trowel

The following criteria are to be used unless specified otherwise:
A Depth of slot to accommodats the HeliBar and sleeve assemibly ta be
40mm + the thickness of any render.
B. Height of slot to be equal to full mortar joint height, with a minimum
m.

€. HellBar should extend a minlmum of 200mm efther side of the
expansion joint.

. Atternate the pasition of the slesve on adjacent HeliBars.

E. HellBars to ba Installed at a maximum 300mm vertlical spacing.

F. Sultable Hellfix wall tles to be Installed on each sida of the newty
formed movemnent joint not mora than 225mm back from the joint
and et a meximum of 300mm vertical apacing. Refar to Repalr Datalls
BRT0-03 for details-on Helifix emedial tie installation.

The above specification notes are for neneﬂll guldlnee only and
Hoallfix resarves the right to amend detall v

» Helifix preduct details available at www.helifix.com.au.
» It yeur application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

i EXAMPLE
SPECIFICATION

300 mm

200 mm | 200 mm
.

InsTaLL DirrFix 8ram Dis. x 22000 L (HOF 8x220) TES EMHER SI0E OF THE LOGATION OF THE
MAOWEMENT JOINT AT SO0MM WERTICAL CTS AND AT NOT MORE THAN 225MM BACK FROM THE JOINT (SEE
HEeLiFix rerair peTail BRTOT). CuT THE JomT AND BoND SLEEVED HELIBARS G Dia. x 400mn L.
INTO HORIZONTAL SLOTS CUT ACTOSS THE JOINT AT 300MM WERTICAL ©TS. USING HELIBOND &ROUT.
HELIBAR MOVEMENT TIES SHOULD EXTEND A MINIMUK OF 200MM EITHER SIDE OF THE JOINT.

EXPANSION JOINT CUT INTO MEAR LEAF OF 270mm CAVITY BRICKWALL

Material: DRYFIX 8 x 220 and HELIBAR &
Product code: HDFBx220 and HBR 6mm

1 HBR HELIBAR
2 HDF DRYFIX
ITEM | CODE| DESCRIFTION .

HELIFIX (AUSTRALIA} PTY LTD

TYPICAL WALL TYPE AND HELIBAR MOVEMENT TIE AFFLICATION

SCALE 1:20 | DG No. BMJO1-EXS|  SHEET 1 of1

T

EL. 1300 66 70 71

Copyright © Hellfix Limited 2000

HELIFIX {(AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandria » NSW s 2015

Figure 75
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL EMJ0OZ2Z2 H[llrlx

BMJOZ

I-n II 1 H I-B
- A —_— - - i - - L e

Creating movement joints in

roduct Descripfion | I i [
HeliBar |Grade 316 stainless steel reinforcement bar | HBR "JP‘" “ ” ” i: I[ " “ ll ””—?
HeliBond |Injectable cementitious grout HLB | ]; = " [ ]| { =
[ e -
E I 1 m— -
] - " " T — ks
1. Mark the posltien on the wall for the movement Jolnt. JFI]—“ i [‘—HT“—]H i[ -W I :| ‘[—“ N irj
2. Using an approprate power cutting tocl with vacuum . ! It e
attachment, cut slots Into the horizontal mortar joints efther 4
slde of the movement joint, to the specified depth and at the b
required vertical spacing. (Refer to the Specification Notes ] I
for typlcal depth and spacing requirements.) Ensure that as
much mortar is removed as possible from the axposad brick [_l " i !
surfaces in order to provide a good masonry/grout bond. i Bl - W _ :
the wall is rendered and the mortar jeints are net visible, cut
the horizontal slots through the render and into the maseonry.
d. Cut the movement Joint to the specifled width and at the
required |ocation. For cutting slots up to 40mm deep............ S Wall chaser, mortar saw
4. Ci I I f I or angle grinder with vacuumn attachment
tch:?:u;:yaﬂifwmdwz‘f:mers the suﬂlb:;??ma::w To achieve final depth of slot beyond 40mm ...t Hand or Helifix
porous or flushing with water Is Inapproprate, use HellPimer i . itz ??Wer Crisel
WB. Ensure the siot is damp or primed prior to commencing For mixing HeliBond <o DHll With mixing pacdle
sk b 7 For injection of HeliBond into slots . ....Helifix Pointing Gun with
ep 7. mertar nozzle
5. Mix HallBond cemsantitious grout thoroughly uging a drill and For smoothing pointing..........cee e e Standard finger trowel

mixing paddie and load Into the Hellfx Pointing Gun.

6. Fit the mortar nozzle to the gun.

10,

1.

12,
13,
14,

+ Imject a bead of HeliBond grout, 10-16mm deep, into the

back of the slot.

. Fit the movement sleeve over one half of the first 8mm

HaliBar and push the complete assembly into the grout
ensuring a geod bond betwean the HeliBar and the slesve in
the slot. Ensure that no grout comes into contact with the
end of the HellBar coverad by the sleeve, as this end must
be free to move.

. Inject a second bead of grout over the HeliBar and tube

assembly. Again, ensure that no grout comes into contact
with the end of the HellBar covered by the sleeve.

Fush a second 6mm HeliBar and slesve assembly into the
grout.

Inject a thind bead of HeliBond grout up against tha HeliBar
and sleava assembly to obtain good coverage of both.
Point up the remaining slot with a suitable matching mortar.
Seal the joint with a suitable flaxible mastic type material.
Clean tools with clean, frash water.

NOTE. Pointing may ba carrfod out as soon 28 Is conveniemnt after
the HeliBond has slarted fo gol. Ensure that pointing does not
disturh the rylHeliBond i

A\ Atways focate, identify and isolate eny electrical, water or gag
sarvicas which may ba prassnt In the wall or the wal! cavities and
can pose @ safsly risk before drifling or cuiting. Always take the

y safely pr Use electrical safely gloves and
wear appropriate fogtwear and eyewear

A. Allow for the installation of one HeliBar/sleeve assembly for each skin of
briclwerk Into sach curt slet. By example, 2 common 230mm salld wall
construction {(squivalert 1o two sking of tled brickwork) wlll require the
installation of two HeliBar/sleeve assambliss per slot. A solid wall
aqulvalent In depth to three skins of bonded masonry will requins three
Helibar/siseve essamblies per slot.

B. Depth of slot 1o accommuodate the HellBar and sleeve assambly to ba
T0mm + the thickness of any rander.

C. Height of slot to be equal to full mortar joit height, with & minimum of
Bmm.

D. HellBar should extend & minimum of 200mm elther =lde of the movement
joirt.

E Ahemate the position of the sleeva on adjacent HeliBars.

F. HellBar/sleeve assambiles to be Installed at a maximum 300mm vertical
Bpacing.

The above specification notes are for general guidance only and

Halifix ressrves the right to amend detalla/notas ea necessary.

= Helifix product detalls available at www.helifix.com.au.
& I your application differs from this repair detail or you reguire specific
technical information, call Helifix on 1300 66 70 71.

TEL. 12300 66 70 71
Copyright © Hellfix Limited 2009

HELIFIX (AUSTRALIA) PTY LTD
Unlt 24, 34-36 Ralph Street = Alexandrla s NSW » 2015

Figure 76
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAILS BRBO1/03/04 HE[I':IX

Restraining a howed cavity,
timher frame or solid wall using
E=3 BowTies into joist ends

S e e e =i e e e e

BowTie Grade 316 stainless steel remedial wall ie | HBT 1 1
EpoxyPlus |High performance pure spoxy resin HTE D '—]
. — = ]

1. Mark the positions of the joists on the external wall. [ - —_—

2. Drill the clearance holes for the BowTies (normally 12mm o)
through the masonry only and in line with tha centre of the
joists,

3. Clsan out the hela to clear any dust or debris.

. Insert the BowTie power support tool into an SDS rotary

hammer drill and place the BowTis into the support toel.

5. Driva the BowTie inte the timber to the nequired daepth.
{Refer to the Spacification Notss for typical depth
requirements.)

fi. Place the end of tha nozzle of the resin applicator over the
exposed and of the BowTie. Masking taps may be placed Bowed timber frame

F

around the hole to protact the surface of the wall from resin wall, BRBO3
spillage. Cloth may also be wrapped arcund the nozzla to —
help seal the opening during installation and protect the wall l:l —
face from resin spillage. E‘

7. Pump the resin applicator to inject Halifix EpoxyPlus nesin
into the hole. The rasin will track down the tie, following its + J
halical profile. Inject resin until the hole in the near akin is
filled complataly.

4“;‘ Bowed solid wall, BRBO4
B. Allow the resin to gel (normally 15 to 20 minutes). ‘

8. Make good all holas at the surface using alther a mixture of
sand, cement and oxide colouring to match the original
surmounding brick surfaces or a sllicone ssalant coated with D ol =
brick dust or drillings. For drilling and insertion of BowTies...SDS rotary hammer drill 850,70 0w

BowTie support tcol

Applicater gun with nezzle

JEONICEORE

A = i andi . For installation of BowTies

Alwarys lovate, identify and isolate any olectrical, waler or gus I . .

A hich may bo i the wed or the well itles and For injection of Helifix EpoxyPlus resin..

can posa A safety risk befors driiiing or cutting. Always take the

Y &afely p Use alactrical safely gloves and el Eiied s

wear sppropriate footwear and eywwvear The following critaria are to be used uniess specified ctherwise:

A. BowTla penetration Into the end graln of tha timber jolst must be a
minimwm of 70mm.

B. Each joist in the arsa of concem is to be secured with 2 BowTie {j.e.
spacing of BowTlas ke to carrespond with the original jolet spacing).

C. Ensura that all jolsts Into which BowTles are 1o be Installed are both
sound and secure.

D. Install Halflx nemadial wall Hea H sdsting tes are defactive In any way.
Refer to Repelr Detglls BRT01-03 for detalls on Hellikx remedlal tie
instaliation.

The above specification notes are for general guldance only and
Hellfix ressrves the right to amend datalla/notes as necessary.

& Helifix product details available at www.helifix.com.au.
= If your application differs from this repair detail or you reguire specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright © Helfix Limited 2009 Unit 24, 34-36 Ralph Street « Alexandrla « NSW » 2015

Figure 77
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAILS BRBO1/03/04 HEI_I':IX.

Restraining a howed cavity,
timber frame or solid wall using
BowTies into joist ends

S T S B RS e S S S S S e

Grade 316 stainless steel remedial wall tie | HBT

EpoxyPlus |High performance pure epoxy resin HTE

!
1. Mark the positions of the joists on the external wall. == o
2. Dirill the clearance holes for the BowTies (normally 12mm @) 4 1
through the masonry only and in line with the cerrre of the — TR
joists.
3. Clean out the hole to clear any dust or debris. ) *
4. Insert the BowTia power support tool into an SDS rotary
hammer drill and place the BowTie into the support tool.
5. Drive the BowTis into the timber to the required dapth.
{Refer lo the Specification Notes for typical depth

DEORIOEONE

requirements.)

fi. Place the end of the nozzle of the resin applicator over the
exposed end of the BowTie. Masking taps may be placed Bowed timber frame
around the hole to protect the surface of the wall from rasin wrall, BRBOS
spillage. Cloth may also be wrapped arcund the nozzle to \

halp seal tha opening during inatallation and protact the wall

into the hole. The resin will track down the tie, following its
haelical profile. Inject resin until the hole in the near skin is
filled completaly.

B. Allow the resin to gel {normally 15 to 20 minutas).

8. Make good all holgs at the surface using efther a mbdure of
sand, cement and oxide colouring to match the original
surmounding brick surfaces or a sllicone sealant coated with : . . 25 4
brick dust or drillings. For drilling and insertion of BowTies...SDS rotary hammer drill 650/7 00w

For installation of BowTies ... BowTie suppert too|

For injection of Helifix EpoxyPlus resin............ Applicator gun with nozzle

face from resin spillage. %
T. Pump the resin applicator to inject Helifix EposxyPlus resin D

4": Bowed solid wall, BRBO4

mmmmmmmmmwm

services wiich may be present in the well or the wall cavities end

can poss a safely risk bafors drilliing or cutling. Always taks the

y safoty pr Use eloctrical safely gloves and £ cation »

WaBr Spprop: and sy The following criteria are to be used unless specified otherwise:

A. BowTls penetration Into the end grain of tha timber jolat must be a
minkmum of 70mm.

B. Eech joist in the area of concern is to be secured with 8 BowTie {.e.
apacing of BowTles ke in correapond with the arginal jalst sparing).

C. Ensura that all jolsts Into which BowTles &re to be Installed are both
sound and secure.

D. Install Helflx remeadial wall tlea H sxdsting ties are defective In any way.
Refer to Repalr Datalls BRTO1-03 for detalls on Hellftx remexdlal e
instaliation.

The above specification notes are for general guldance only and
Helifix rasarves the right to amend datalla/notes as necessary.

& Helifix product details available at wawnw helifix.com.au.
» i your applicaticn differs frem this repair detail or you require specific
technical information, call Helifix on 130066 70 71.

TEL. 1300 66 70 71 HELIFIX (AUSTRALIA) PTY LTD
Copyright € Hellfix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandrla s NSW » 2015

Figure 78
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

Repair of delaminated or separating masonry is a rubble-filled or solid wall may also be carried out
using CemTies (see Figure 79). These can also be used to repair brick faced random stone walls
through the brick faces or mortar joints (see Figure 80).

DryFix, a stainless steel dry pinning system, can be used to replace worn or absent wall ties (see
Figure 81). These can be hidden from view with sand, cement and oxide mix or with silicone
sealant. Retroties may also be used to do this, where a stainless steel remedial wall tie is set into the

wall with high performance pure epoxy resin (see Figure 82).
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRFOI1

HELIHX

BRFO1

using CemTies

HCT
HLB

Grade 316 stainless steel structural pin

HeliBond |Injectable cementitious grout

1. Mark the locations for the CemTle pins onto tha face of the
wall at the required spacing.”

2. Drill a12—14mm @& clearance hole, or a 14-18mm & hole
the CemTle Is longer than 450mm, at tha required location
and to the spaciied depth.”

3, Clean out all dust from the hole and thoroughly flush with
water. Where the substrate |s very porous or flushing with
water |s Inapprapriate, use HellPimer WB. Ensure the hole is
damp or primed pror to commencing step B.

4. Attach the required length of CemTle Pinning Nozzle to the
Helliix Pointing Gun.

8, Mix HeliBond cementitious grout thoroughly uging a drill and
mixing paddle and lead Into the gun.

8. Pump grout to fill the nozzle.

7. Wind the CemTie into the nozzle and ensura that it is fully
covered in grout. (Altemnatively, fill the hole with grout and
wind the CemTie into the grout-filled hole.)

& Insert the nozzle to the full depth of tha drilled hole and
pumnp the grout. Slowly withdraw the nezzle while pumping.
The GemTie will be carrisd out with the HaliBond grout as it
is forced through the nozzle. Back pressure will help to push
the nozzle back out of the hole.

. Maka good all hcles at the surface using either a mixture of
sand, cement and oxide colouring to match the original
surrounding brick surfaces or a silicons sealant coated with
brick dust or drillings.

10. Clean tools with clean, fresh water.

£\ Aiways Jocate, identify and Isoleto any slectrical, warter or gas

services which may be prassnt in the wall or the wall cavitfas and

can pose a safety risk before driiling or culifng. Always iake the
vy safely pr it Use safaly gloves and

wear appropriate foolwear and ayeweer.

Repair of delaminated or separating
masonry in a rubble-filled or solid wall

For drilling SDS rotary hammer drill 650/700w
For mixing HeliBond Crill with mixing paddle

For ingertion of the CemTies ..o Helifix Pointing Gun with
GemTie Pinning Nozzle

The folowing criteria are to be used uniess specified ctharwiss:

A. CemTies ars to be inslalled at a minimum denaity of approx. 2.8 tiee'm"
(approx. 6D0mm harizental and G00mm vertical spacing).

B. The denslty Is to be Incrassed around cpenings with thes placad at a
maximum 300mm vertical spacing and 225mm back from the opening.

G. Daprth of hole to be CemTie length + 25mm. CemTies shoukd be
embedded to a minimum depth of 75mm Into the far leat.

D. In hot conditions ensurs the masonry is well wetted or primed to prevent
premature drying of the HellBond due 1o rapld de-watering. ideally
additional wetting of the hole should ba carmed out |ust prier to Inserting
the CamTie.

Tha above apecification notss ars for gsneral guldancs only and

Hellftx reservas the right to amend detalle/notes as necassary.

= Helifix preduct details available at www helifix.com.au.
# If your application differs from this repair detail cr you require specific
technical information, call Helifix on 1300 66 70 71.

-
=1
@

EXAMPLE SPECIFICATION

STABILISING A SOLID WALL

Material: CEMTIE &
Preduct code: HGT8

8rant Dis. GemTIES (HCTE) TO BE INSTALLED INTO CLEARANCE HOLES
usING HELIBoND INJECTABLE GEMETMIOUS GrouT (HLB). CEMTIES TO BE
EUFFICIENTLY LOMG TO EXTEMD TSMM INTO THE Fan LEAR. CEMTIEE TO BE
INETALLED AT A VERTICAL AND HOREZONTAL EPACING OF MOT mone BOOMM
CT8. CLEARANGCE HOLES TO MESSURE 12-140M I DIAMETER.

SECTION A ELE:’;’ATION
~ Tner I covme HELIFIX (AUSTRALIA} FTY LTD
TYPIGAL SOLID WALL TYFE AND GEMTIE APPLICATION
TTEM | CODE | DESCRIFTION SCALE 1:20___| DWG No. BRFOT-EXS| __ SHEET 1 of 1
TEL. 1300 668 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright © Hellfix Limited 2009 Unit 24, 34-36 Ralph Street = Alexandria « NSW « 2015

Figure 79
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRFOZ/BRFO3

HELIHX

Repair of brick-faced random
stone walls using CemTies through

Grade 316 stainless steel structural pin

HeliBond |Injectable cementitious grout HLB

=

. Mark the positions for the holes on the outer face of the wall.

(Refer to the Specification Notes for typlcal spacing
requirements.)

Drlll a 12-14mm @ clearance hole, or 16mm & if the CemTle
I longer than 450mm, at the required location, through the
brick face of the wall and Into the back-up materal to the
speciied depth. (Refer to the Spechication Notes for typlcal
depth requirements.)

Alternatively, to avold marking the brick faces, the hole
should be drilled through the perpendicular mortar joint
between two ad|acent bricks. The hole should be angled
eithar upwards {as shown) or downwards to pass through
the brick and then continue Into the back-up materlal.
Clean out all dust from the hole and thoroughly flush with
water. Where the substrate |s very porous or flushing with
water |8 Inappropriate, use HellPrimer WB. Ensure the hole s
damp or pimed pricr to commencing step 8.

Attach the required length of GemTie Pinning Nozzle to the
Hellfix Pointing Gun.

Mix HellBond cementitlous grout thoroughly using a drill and
mixing paddle and load Into the gun.

Pumnp grout to fill the nozzle.

. Wind the CemTis into the nozzle and ensure that it is fully

covered in grout. (Altemnativaly, fill the hole with grout and
wind the CemnTie irto tha grout-filled hole.)

f— [ — g

| I b |

\ f— L=

o [ N |

e[ - -

y—| 2 |

[— _
ELEVATION  Brick face repair, BFRO2  SECTION

= == |

—  ——

- | =i

et | i

| —

e — —

T J— -

| |

1 l o -
ELEVATION Hidden repair, BFRO3 SECTION

For drilling SDS rotary hammer drill 50/7 00w

For mixing HeliBond

For insertion of the CemTies ... e Helifix Pointing Gun with
GCemTie Pinning Nozzle

Drill with mixing paddle

The following criteria are to be used unkess specified otherwise:

8. Insert the nozzle to the full depth of the drilled hole and
pump the grout. Slowly withdraw the nozzle while pumping. A. The density of the tiss will depend upon the condition of the masonry
The CemTie will be carried cut with the HeliBond grout as it and the loading thet It Is axpacted to withstand. Typleally, CemTles
is forced through the nozzle. Back pressure will help to push should be installed at a minimum density of 2.8 tiss/m2 {approx.
the nozzle back out of the hale. B :hmmm hr:”:xfmﬂxlmﬂl mﬁ:ﬁ;&mmm rialng)-st be sufficlent to
8. Make good all holes at the surface using either a mixtura of pr:wm secumngonnectiun (pti:‘t:e:ltin: m;.‘ gs Tequired).
sand, cemant and oxide colouring to match the original C. Depth of hale to ba CamTie langth + 25mm.
surrounding bncl_( surfaces or a silicone seelant coated with D. CemTles are to be Installed at an angle of 0° o 40° when follawing the
brick dust or drillings. Maka good the crack using an hidden repair detail to allow sufficiert fixing in the brick facing.
appropriate Helifix bonding agent or filler depending on the E. In hot conditions ensure ths masonry is well wetted o primed to
width of the crack. prevent premature drying of the HellBond due to rapld de-watering.
p Ideally additional wetting of the hole should be carmied out just prior
10. Clean tocls with claan, fresh water. ta Inserting the CemTie.
NOTE i diamond core driifing Is usad, the Internal surface of the The above apecification notas are for general guldancs only and
hole must be roughened to ensure # good bond. Hellfix regerves the right to amend dedalle/notes as necessary.
&Mm ldenilfy and Izoiate any slecirical, water or gas
sarvices which may be presant In the wall or the wall cavities and
©an pose 8 safely risk before driling or cullfng. Always lake the
’af‘w" il Use sloct I safety gloves and = Helifix product detalls available at wwow. helifix.com.au.
SRR e = I your application differs from this repair detail or you require specific
technical information, call Helifix on 130066 70 71.
TEL. 1300 &66 70 71 HELIFIX (AUSTRALIA) PTY LTD
Gopyright © Hellfix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandria « NSW » 2015
Figure 80

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRTO1

HELIHX

BRTO1

Stainless stesl dry pinning system HDF | b [

1. Mark the locations for the DryFix ties onto the face of the
wall at the required spacing.” Wherever possible, the holes i Il A
should be diilled directly Into the masonry, but they may also
be driven Into the exising mortar provided that this ls strong
and In good condltien.

2. Ddll a 5mm @& pllot hole through the near leaf and Into the
remote leaf to the specified depth using a light-weight S:DS
hamrmer drill sat to a slow spaad and light hammer only. A
rotary percussion 3-Jaw chuck drill may be prefarred Hf the
masonry s paricularly soft or thin and prone to excessive
spalling. A 8mm or 8.5mm @ pliot hola slze may ba prefemed
if the masonry is particularly hard.

3. Attach the Hellflx Powar Driver attachment to an SDS
hammer drlll set to a slow speed and light hammer only.
(DryFix ties are self-tapping and will work themselves Into
the wall following the hammer acticn of the drill.}

4. Load the DryFix tle Into the power driver attachment.

8. Bupport the power driver attachment with one hand, while
using the other to work the drlll, and drive the DryFx tle Into
the pre-drilled pliat hole to approximately 10mm beyond the
surface of the near leaf.

E. Make good the hole using etther a mixture of sand, cement

and oxlde colouring to match the ordginal summounding brick
surfaces or a sllicone sealant coated with brick dust or

Rotary percussion or SD'S rotary hammer
drill 850/700w

SOS retary hammer drill

and DryFix Power Driver attachment

For drilling

Forir

The fcllowing criterla are to be used uniess apectiied otherwise:

A. DryFix ties are to be installed at 600mm vartical and horizontal
cafires Inte continuous brickworik. Tles are to be Installed at 300mm
carmines around openings (8.g. around windows).

B. Depth of pliat hole to ba DryFix te length + 10mm.

€. DryFix length to aqual near brick width less 10mm + cavity width +
far leaf embedment depth. Typically, ties should be sufficiently long

driliings. to smbed 35-70mm Into the remote leaf depanding on ita hardness,
with harder materials requiring less embadmert. Typically, an
embecdment of 60-70mm lsto be achlsved when Installing Inta
NOTE. Avoid leening or i ity on the drill during commean, dry-pressad or extruded brickwork.

D. Ties may be installed from sither side of the wall.

The above specification notes are for general guidance only and
Heliftx resarvas the right to amend detalis/notes as necessary.

oparstion fo ansure tha accuracy of the hola's dismeter and o limit
spaifing of the near leaf as the diriil breais into the cavily.

/\ Afways locats, Identify snd lsokste any lectrical, wator or gas
services wivch may be prosomnt i the wall or the wall covilios and
can pose a safoly risk befora driliing or cutiing. Alwaya lake the
Usa sfectrical safsty gloves and

= Helifix preduct details available at www, helifix. com.au.
= Ifyour application differs frem this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

50 mm

10 mm

4 =
nomm 110 mm 110 mm Nnomm o 110 mm
T LE R T 1 LI I
250mm CAVITY BRICK/BLOCK WALL 220mm SOLID WALL
Material: DRYFIX 8 x 135 Material: DRYFIX 8 x 170
Preduct code: HDFBx195 Preduct code: HDFEx170

270mm CAVITY BRICK WALL

Material: DRYFIX 8 X 220
Product code: HDFBx220

DrrFix Brm oia. % 220mm L. (HOF8x220) TIEs 10
BE INSTALLED AT B00MM WERTICAL AND HOTIZONTAL
TS ON OPEN BRICK FACES, AND 300 MM CT8 AROUND
OPENINGE. TIES To BE ORvEN B0-70MM INTO THE
REMOTE LEAF AND RECESSED 10MM BELOW THE FAGE
OF THE NEAR LEAF.

DrerF i 8mma D, % 19500 L. (HDF8x185) TiEs 7o BE
INSTALLED AT BO0RM VERTICAL AND HORIZONTAL CTS ON
OPEM BIIGK FACES, anD 300mm TS ARoUND
OPENINGS. TIES TO CONMECT WITH THE MEAT WES OF THE
BLOCK AND TO BE RECESSED 10MM BELOW THE FAGE OF
THE BRICK LEAF.

DrvFis 8 oia. £ 17000 L. (HDFBx170) TES TO
BE INSTALLED AT GO0 MM WERTICAL AND HORIZONTAL
T8 O OPEM BRICK FAGES, AND 300mMM CTS anouND
OPENINGS. TIES T2 BE ORIVEN B0-70mm INTO THE
REMOTE LEAF AND RECESSED 10MM BELOW THE FAGE
OF THE NEAR LEAF.

1 HDF DRYFIX

ITEM] CORE | DESCRIPTION H E ll [ I x

HELIFIX (AUSTRALIA} FTY LTD

TYPICAL WALL TYPES AND DRYFIX APPLICATIONS

SCALE 1:20

[CWGNo. BRTGI-EXS |

SHEET 1 of 1

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandrla » NSW = 2015

Figure 81

Source: http://www.helifix.com.au/masonry repair_details.html

Page 81 of 332


http://www.helifix.com.au/masonry_repair_details.html�

Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRTD2

Replacing wall ties
using RetroTies

HELIHX

RetroTie |Grade 316 stainless steel remedial wall tie | HRT

EpoxyPlus |High performance pure spoxy resin HTE

1. Mark the positions for the RetroTle pliot/clearance holas on
the outer face of the wall.* Wheravar possible, the holas
should be drllled directly Inta the masonry, but they may alsa
be driven Into the exisitng mortar provided that this Is strong
and in good condition.

Z Drlll a 5mm @ pliot hole through the near leaf and Into the
ramote leaf to the specified depth using a light-welght SDS
hammer drll act to a slow speed and light hammer only.* A
rotary percussion 3-jaw chuck drill may be prefered if the
masonry is parlicularly soft or thin and prone to excessive
spalling. A 6mm or 8.5mm & pilot hole size may be preferred
if tha inner leaf is particularty hard.

4. Following the same path as tha pllot hole, drill 2 10mm &
clearance hole through the near skin only.

4. Attach the Hellfix Power Driver attachment or RetraTle
support tool to an SDS hammer drill set to a alow spead and
light hammer only. (RetroTles are salf-tapping and will work
themsalves into the remots wall following the harmmer action
of the drill}

5. Load the RetroTle Into the power driver or support tool.

6. Pugh the RetraTle through the near skin to allgn the end of
the tle with the opening to the plict hole on the face of the
remote leal.

7. If using & power driver attachment, support the attachment
with one hand, while using the ethet to work the drill, and
drive the RetroTle Into the pre-drlled pliot hole In the remote
leaf to the speciiied depth. If using the RetroTle support tool,

For drilling... Rotary percussion or

simply drive the tie Into the pliot hole to the spectied depth. g SeET B
{The RetroTle support tool does not require hand-held . o . ;

durng o ) For ir ¥ of RelrpTle - SOS rotary hammer drill and

support during operation, DiryFix Power Driver attachment or RetroTie support tocl

A. Place the end of the nozzle of the nesin applicator over the For injection of Helifix EpoxyPlus resin............ Applicator gun with nozzle

exposed end of the RetroTle In the near leaf. Masking tape
may be placed around the hole to pretect the surface of the
wall from resin splilage. Cloth may also be wrapped around
the nozzle to help seal the epening during Injection and
protect the wall face from spillage.

8. Pump the resin applicater to Inject Helifix EpoxyPlus resin

The following criteria are to be used unisas spacified otharwise:

A RetroTles are to ba Installed at 800mm vertical end horizontal centres
into cortinuows brickwarte Ties are to be installed at 300mm centres
arcund openings {e.g. around windows).

B. Tie length to be selacted according to the hardness and thickness of

m.
1.

Inte the hole. The resin will frack down the tie, following its
hellcal profila. Inject realn untll the hele In the near leaf Is
flled completely.

Allow the resin to gel (normally 15 to 20 minutes}).

Make good the hele using elther a mbdure of sand, cement
and oxide colouring to match the erlginal surrounding brick
surfaces or a sllicone sealant coated with brick dust/drillings.

NOTE, Avoid ing or p ily on the drill during
mmmmwdﬂwmtdhﬂwaﬂdmm
spaifing of the near leaf as the drill brasks into the cavity.

A\ Atways Jocats, identify and Isoiste sny sfectrical, water or gas
sarvices which may be present in the wall or the wall cavitles and
can pose a sately riek before drilltng or cutling. Always take the

the masonry and the cavity width. Tles are to be embedded 35-
70mm Into the remoate |sef depanding on the hardness of tha
masonry, with harder meterials requiring less embedment. By
axampla, an embedmant of 35mm will be sufficlant when driving Into
reinforced concrets. Typically, an smbedment of 80-70mm is to be
achleved when Installing Into common, dry-pressad brickworlk.

C. Depth of pliat hole 1o be RetroTle length + 10mm.
D. Ties may be installed from either side of the wall.

The above specification notes are for general guidance only and
Hallfix resarves the right to amend detalls/notes a3 necessary.

& Helifix preduct details available at wwwe.helifix.com.au.

y safoty p itlona. Use elactrical safely gloves and « lfyour application differs frem this repair detail or you require specific
waar approprizie footwear and ayswaar. technical infermation, call Helifix on 1300 6670 71.
TEL. 1300 &6 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright © Helifix Limhed 2009 Unit 24, 34-36 Ralph Street s Alexandria « NSW s 2015
Figure 82

Source: http://www.helifix.com.au/masonry repair_details.html
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Simpson Strong Tie Anchor Systems is a company specialising in the manufacture of anchors for
cracked and uncracked concrete, and utilised in many retrofit projects. This is closely related to this
foundation type here in New Zealand dwellings. These anchors will be specified in a project if
conditions exist that may cause the concrete to crack, in line with the new 2006 International
Building Code. These anchor systems include the Strong-Bolt, the IXP Anchor, the Titen HD
anchor and SET-XP epoxy.

The Strong-Bolt is a wedge anchor, providing reliability in performance in cracked concrete under
static and seismic loading (see Figure 83). It has a tri-segmented clip which may be attached and
adjusted independently increasing follow-up expansion should the hole increase in size as a result of
a crack. Dual embossments on each clip segment allows the clip to undercut into the concrete
should a crack occur.
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Figure 83
Strong-Bolt
Source: http://www.simpsonanchors.com

The IXP Anchor is a torque-controlled adhesive anchor, used with Simpson Strong Tie SET-XP
epoxy. It has a conical shape (see Figure 84) which allows it to mimic the follow up expansion
behaviour of a torque-controlled expansion anchor when tension-zone cracks occur in the base
material and intersect with the placement of the anchor.” The shape also prevents the anchor from

unscrewing.

" http://www.simpsonanchors.com
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Figure 84
IXP Anchor
Source: http://www.simpsonanchors.com

Its test criteria are outlined, including:

Seismic and wind loading in cracked and uncracked concrete

= Static tension and shear loading in cracked and uncracked concrete
= Horizontal and overhead applications

= Long-term creep

= Static loading at elevated-temperatures

= Damp holes

= Freeze-thaw conditions

= Critical and minimum edge distance and spacing *

Its suggested specifications are also included (see Figure 85).

* http://www.simpsonanchors.com
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Nominal Anchor Diameter (inch)
Characteristic Symbol Units
% w | % | %
Installation Information
Drill Bit Diameter d in. i 5% £ T
Baseplata Clearance Hole Diameter d in. 0.433 0.563 0.638 0.875
Installation Targque Tt ft-Ib 30 60 100 160
Embed. Depth & EN. Embed Depth Pren & Map in. e L 63 3%
Critical Edge Distance Cac in. ] TV 10 1214
Minimum Edge Distance [ in. RE 4 6% B3
Minimum Spacing Simin in. 5 4% 6% 8%
M'””'T";‘ig;'{fjs"'s'"m e in. 6% A 13% 16%
Additional Data
Anchor Category category 1
Yield Strength fya psi 105,000
Tensile Strength futa psi 125,000
Minimum Tensile Stress Arga Ase in* 0.0484 ] 0.0586 0.1414 0-2064
Figure 85

IXP Anchor Specifications
Source: http://www.simpsonanchors.com

The Titen-HD is a heavy duty screw anchor for concrete and masonry (see Figure 86). The non-
expansive characteristics of this anchor make it ideal for structural applications, even at reduced
distances and spacings. It has a high load capacity and vibration resistance as the mechanical
interlock of the threads and the ratchet teeth on the underside of the head help prevent the anchor
from loosening. Less spacing is required as the anchor does not exert expansion forces on the base

material. Serrated teeth on the tip of this anchor facilitate cutting and reduce installation torque (see
Figure 87).

Figure 86
Titen-HD Anchor
Source: http://www.simpsonanchors.com
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Fure 87
Titen-HD Anchor Head
Source: http://www.simpsonanchors.com

SET-XP is a structural epoxy-tie anchoring adhesive, a high solids formula for cracked and

uncracked concrete. It is used in tension and seismic zones where there is rick that a crack may

intersect with where an anchor is placed. Its test criteria are outlined:

= Damp holes
= Freeze-thaw conditions

Seismic and wind loading in cracked and uncracked concrete
Static tension and shear loading in cracked and uncracked concrete
Horizontal and overhead installations
Long-term creep at elevated-temperatures
Static loading at elevated-temperatures

Critical and minimum edge distance and spacing’

Its specifications are also given (see Figure 88).

SET-XP Specifications

Source: http://www.simpsonanchors.com

" http://www.simpsonanchors.com
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Nominal Anchor Diameter
Characteristic Symbol | Units [~ | se/#5 | 3u/#6 | Te/#7 | 1/48
Installation Information
Drill Bit Diameatar d in. Ha ¥ Th 1 1%
Maximum Tightening Torque Tinst ft-Ib 40 a0 130 200 300
. Minimum - in. 2% I k] P 4
Permiticd Embedment Depth () Range  [yr oo in. 10 121 15 17 172 20
Minimum Concrate Thickness Neviin in, 2.25 ¥ Ny
Critical Edge Distance Cac in. dxhy
Minimum Edge Distance Crriin in. 134
Minimum Anchor Spacing Smin in. 3
Figure 88
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Project Impact Seattle: Building Disaster Resistant Community has prescribed an earthquake
retrofit plan which would relate closely to the retrofit of jack stud foundation in New Zealand
dwellings, known as pony walls in Seattle. It is titled the Guide to Completing an Earthquake
Retrofit Plan for Wood Frame Residential Buildings. It begins with a detailed introduction,
covering if your home qualifies for this type of retrofit, if a building plan is needed and how to
obtain a building permit. How to complete the retrofit plan is then explored. This is divided into
five tasks: drawing the foundation outline, selecting the method of replacing sections of damaged
concrete foundation wall if necessary, selecting the method of anchoring the sill plate to the
foundation wall, selecting the method of strengthening the pony wall, and selecting the method of
connecting the floor framing system to the pony wall on to the foundation wall. Figures are given
to explain a retrofitted wall (see Figure 89) and the retrofitted subfloor area (see Figure 90). Each
task is then described in depth.
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* FRAMING

CONNECTIONS
Details 30, 3b

.‘-‘-

Stud wall

Sill plate

Joist blocking or
/ continuous rim joist

Floor joist (perpendicular
to perimeter wall)

« PONY WALL

BRACING
Details 20, 2b, 2¢, 2d

Double top plate

Cripple wall

Siding or wall finish

« SILL PLATE

ANCHOR
Details 1q, 1b, 1¢

Bolt, nut, and washer

« FOUNDATION

WALL

See detail F for replocement
of damaged section of
concrete foundation wall.

Sill plate

Concrete stem wall

= Concrete footing

Figure 89
Side View of a Typical Wall Section
Source: http://mww.soundseismic.com/live/page/project-impact
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—_— Froming ciips
Continuous rim st : Floor Jolsts
Sructural pane = ] ! Y —— Blocking

Venl hales (g} — Vo ; X

—— Typecd mailing
pallern

e ) A Retrofit s — Blocking ——— R M

' -_I".I ’f ) ploie bolis "",.__Hlj;f"
oo i
Foundation wall
Motes

L This sketch shows 9 somple wdl seclion thal hos undergone a picd sessmic
altwngthming ratrafit

2 Thig is o general skelch ond is nol infended lo supersede requirements contained in the
Hlandard Home Eorthquoke Retrofit Plan o in the specific instalotion datods,

FRONT VIEW (sometric)

Figure 90
Isometric View of a Typical Retrofit, showing foundation anchor bolts, pony wall bracing, and framing clips, from
inside the basement or crawlspace
Source: http://www.soundseismic.com/live/page/project-impact

Task one, drawing the foundation line, involves the measuring of each segment of exterior
foundation wall, marking on openings and the direction of floor and joist beams.

Task two involves the selection of the concrete foundation replacement method and reviewing
installation information.
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Task three involves identifying how to anchor the sill plate to the foundation. Several types of
manufactured side plates are designed for specific foundation and sill plate conditions (see Figure
91). The anchors used must also be selected, commonly an expansion bolt or a chemical anchor.

This retrofit series provides several different solutions for
most retrofit problems. The new FAP Plate is a foundation

anchor that connects the mudsill to the foundation. The
FA and HFA Foundation Anchors eliminate vertical

drilling by nailing into the top of the mudsill.

FAP—T gauge; FA and HFA—12 gauge

FAP—painted; all others—galvanized

Use all specified lasteners. Refer to the
Connecilors for Wood Construction catalog
for General Notes and warranty information.

Select and install concrete anchor bolts following
the manufacturer's recommendations.

T ‘5:-'3-
o MATERIAL:
2 FINISH:
J!_L-—-*"?-:f“* INSTALLATION:
=
FAP
CODES:

BOCA, ICBO, SBCCI No. NER-469;
City of LA No RR 25158 (FA only).

between ¥4 and
11%". When space
J V9" use
the FA or HFA.
Ul Install screw
| at least 24"
Into sl plate.
Typlcal FAP
Installation
Foundation
to Mudsill
ASTENERS 0.C. SPACING TO | ALLOWABLE
MODEL " REPLACE ANCHOR| LOADS
NO. | ANCHOR BOLT BOLT¥ O.C.
MUDSILL F F2
aTy | DIA 14" DIA | %" DIA
3-Yax
FAP 2 "% |(2'%"s+shim thickness)| &’ 5 950 | 365
length lag bolt
FAS, FAB ] 7-10d x 1% 400 | 515
HFAB, HFAB | 11-10d x 1'% 1350| 385
1. Aliowable loads have been increased 33% for wind of sarhquake loading 4. Spacing is based
with no furfher increase allowed. Reduce where ofher load durations govern.  on Fy loading.

2 For redwood mudsills, reduce Fy on HFA 10 1215 Ibs and 840 Ibs on FAP,
3, Use the RFBA4xE with the Epory-Tie for the anchonage system.

Figure 91
Sample Manufacturer’s Sheet for Anchor Side Plates
Source: http://www.soundseismic.com/live/page/project-impact

HFAG
'/{HH.I similar)

Task four involves strengthening of the pony walls (also known as cripple walls or jack-studs).
Structural panels will be installed on the exterior face of the pony wall studs. These panels must be
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reviewed in terms of their wood species, durability, intended us, span rating, and the number of
plys, or wood layers, in the plywood. The amount and location of panels for installation must also
be decided.

Task five involves the method selection to connect the floor framing to the pony wall. The repair
condition will often have lack of blocking above the pony wall and no framing elements on which
to install framing clips (see Figure 92). Framing modifications are thus necessary to provide the
required nailing surfaces for the framing clips and to ensure connections that complete the load path
between the pony wall and the floor system. Two methods can be used, method one when the joist
is perpendicular to the foundation wall, method two when the joist is parallel to the foundation wall
(see Figure 93, 94 and 95).

FLOORING
) ! o FRTED BY
'8 4\ 2 TURTED B
NG BLOUSIMG 211 " PONY wALL
=ateiring § i (o il | ol . -
‘?— ™WEEN JOISTS g | 1 \ o | OR MD 3il)
@ PONY “Wall I
"t:}' r_-‘:‘wl nkr-:h
!t r & r"u:‘ 52 )
Iv‘ "»
g WL
) h |
{ =)
" it
. i
n‘ |
el .
e - |
— 4 2 el e Eoe
e T | T
e - 4 o - ' -
— | A ‘F R drs1 L |
e e e - " ' L~ FOUNDATION
l!_ ] | r- 1 - - ;'
s L VoL W - 4 r |
e & =4

Figure 92
Repair Condition of Pony Wall
Source: http://www.soundseismic.com/live/page/project-impact
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CANTLEVERED
PLOCRING : ;7"_ FLOCR STSTEM

METHED 2 |

FETRID 1 CONTINUOLS 2x METTEER
s NALID T0 FLOOR JOISTS
SO O &80 FRAMMG OLFS &
BETWEEM ;DEIEI 6 o - OMVER
WITH 2-1/2 LTV PANEL
VENT MOLE & (This method to be
FRAMING CLFS

used -only whan tham

= o pory wadl

supporing the
conligvered
fipor system)

{ Tnis mathod con
e uzed when tha
eotisvered foor
sEtem & spporied
by alther the mud
sl or o pony wdl)

FLTWOID SFEAR PAMNDL
(Mai per Detal #2%

Remove diagonal
bracing i bracing BLOCHNG
interrupts shear W (Malm not ahown)
panels &l fece of ;
gluds . FLD. SLL
]|| LAnehor bolls &
= onchor pales
-1}!. rial o)
- EmE_TE*I
& o
3-D VIEW W alas”
\ a
Figure 93
Detail Showing Two Methods for Installing Framing Clips for a Cantilevered Floor with No Blocking above the Pony
Wall

Source: http://www.soundseismic.com/live/page/project-impact
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CANTLEVERED

PLOCR JOST TN s

ad
FLUCEH

NG | Y
\\h : "
1 |

—

METHCD 1 |
. Yl
SO.D BLOOTNG BETWEEN /L i Iy
JASTS WITH 2-1/2" VENT—#C ' I

FROLE, FRAMNG CUP & 30T
DS OF DLOCK, & FRAMNG
CUP @ MUD Sl

h
A LEH[ ATHIMG

SDE VEW
cantlever Above Mud 3l

Figure 94
Repair Detalil for a Cantilevered Floor with No Blocking above the Sill Plate
Source: http://www.soundseismic.com/live/page/project-impact
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METHOD 1 |
SOLD BLOCKING BETWEEN
JOISTS WITH 2-1/2" VENT M ST @ BO
O, FRAMING GP @ B0 —y N ERt Bk
ENDS COF BLOCK, & FRAMNG .('1‘. | T
CANTILEVERED WP @ TOP PLATE OF /) \ FLOORNG— |
FLOOR JOIST \ Wi Wi iy
'! [ ‘]’ T N — - il
III "
NIETHCI} E £ . ']' '|'
CONTNUOUS 2 x & MEMEER | | }
NALED TO FLOCR JOISTS | | i
MITH THREE 160 NALS T\ | : | |
INTO EACH JOIST |
INSTALL FRAMING CLPS "—"ﬂ" ™
@ 16" o.c. - OVR \\ | -
PLYWOCD PANELS | |
. ’ T*-«— PONY WALL
\

SLE VIEW
Cantiever Above Pony Wdl

Figure 95
Repair Detail for a Cantilevered Floor with No Blocking above the Pony Wall

Source: http://www.soundseismic.com/live/page/project-impact

When there is no pony wall top plate (see Figure 96) and the rim joist rests on top of the pony wall
studs, framing modifications are necessary to provide the required nailing surfaces for the ply shear

panels. Framing clips and blocking can be used (see Figures 97 and 98)
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R JOST
[Rrr jpist rests drerily

" i on top of pony mtucs)
1 IE'
|II'
B PONY Wal wTH
. N3 TOF FLATELS)

3=D VIEW

Figure 96
Repair Condition No Pony Wall Top Plates
Source: http://www.soundseismic.com/live/page/project-impact
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FRST FLOOR 3L ALATE
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-
: METAL FRAMING OUPS
- 3 @8 16" oce

FLOORING
R JOST
REMOVE DIAGONAL NSTALL 2 MLOOUNG FLUSH
BRACNG [Ty ) WVITH NSE FACE OF STUDS
VHERE SHEAR PANELS & FASTEN TO STUDS WiTH
ARE INSTALLFT H METAL PRAMNG CLPS AS
" | 7 SUBSTIUE TOP PLATE FOR

i SHEAR PANEL MAILNG

, PLYNVOOD SFEAR PAME
(Mol per Deto #2)

PONY WLl BLOCIONG
(Noiz not shown)

>—-D VEEW

Figure 97
Repair Detail for Pony Wall with No Top Plate
Source: http://www.soundseismic.com/live/page/project-impact
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Figure 98
Repair Detail for Pony Wall with No Top Plate
Source: http://www.soundseismic.com/live/page/project-impact

If the parallel floor joists are too close to the sill plate or pony wall to allow access for the
installation of framing clips, framing modifications are necessary to allow access to the rim joist
and the mud sill to permit the installation of the required framing clips and/or mud sill anchors.
This resource is very relevant in providing clear details which may be beneficial for the retrofit of

jack-stud foundations which occur in New Zealand dwellings.
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Full Foundation Wall/Internal Piles:
This system commonly involves a brick or block veneer from ground to soffit level. The sub-floor
wall is frequently “reinforced block and has integrally cast half-piles, on which the bearers sit.”"

Many of the details which apply to full foundation wall/internal piles foundation types also apply to
full foundation wall foundation types. Please see the section on full foundation wall foundations for
relevant details.

“ Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 55.
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Slab on Ground:

This consists of a concrete slab floated on the soil; loads from the superstructure above are
transferred into the slab through thickened areas in the concrete. Connections, reinforcing at
internal corners and reinforcing mesh across the slab are very important to the functioning and
performance of this foundation type."

Slab on grade foundations which are prone to slipping sideways have suggested retrofit measures to
improve earthquake performance. Firstly the floor is checked for the presence of reinforcing steel;
if found then a small excavation into the foundation is necessary to ensure that the steel passes
between the two concrete sections. If the steel is not present, the remedy is to drill 12mm diameter
holes 200mm deep into the floor in the interior adjacent to exterior walls and glue D12 reinforcing
bars into the holes at a maximum of 1m centres."”

Research has been conducted into the repair unreinforced and reinforced concrete slabs with fibre
reinforced polymer composite strips. This involves slabs fitted with carbon epoxy and E-
glass/epoxy composites™ (see Figure 99). Details of the slab are given (see Figure 100).

BEPARTMENT OF
CIVIL & BIYRONMENTAL
ENGINEERING

8CCI Kc8o

High pressure 8UB CARBON RePAIED
; BPECINEN : /
water bag High pressure

BIC-REP-U wafer bag

Figure 99
Details of Experimental Setup
Source: Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
45,

Y Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 57.

" Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building Research
Association of New Zealand, Judgeford, 2009, p 17.

* Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
44.

Page 99 of 332



Retrofitting House Foundations to Resist Earthquakes

; 104" (2.64 ) 4
) Ly 7(0.18
| A (0.18 m)
= B =)
- q|
&
o
et o b
o
# &
et o
2
<
sl
E .gg"“' =
e w N =
3 HEER'|§
- Sl 5
= B + Al &
o E'&' o | =
i 23 ll3
ot (=] a = ‘;:
Ml .2
8
e = [ 5]
[€p]
bt o
-,L L -
e
e J¢t=3"(76.2mm)
H!(D.S?m)@r

Section B-B (top: as-built, bottom: retrofit)

Figure 100
Details of Two-Way Reinforced Concrete Slabs (also same geometry for unreinforced)
Source: Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
46.

This research concluded that the fibre reinforced polymer systems succeed in “upgrading the
structural capacity of both two-way unreinforced and reinforced concrete slabs.”” This retrofit
repair restores the original capacity of the damaged slabs, and further, increases the strength of the
slabs “to an average increase of more then 540% the original capacity of the as-built slabs.”* It is
also noted that when failure did occur, it was preceded by large deflections which gives prior
warning before imminent failure. This may prove relevant and useful in the seismic retrofitting of
slab on grade foundations, a foundation type which is acknowledges as one difficult to repair.

Slab on grade foundations which are prone to slipping sideways have suggested retrofit measures to
improve earthquake performance. Firstly the floor is checked for the presence of reinforcing steel;
if found then a small excavation into the foundation is necessary to ensure that the steel passes

¥ Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
53.

? Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
53.
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between the two concrete sections. If the steel is not present, the remedy is to drill 12mm diameter
holes 200mm deep into the floor in the interior adjacent to exterior walls and glue D12 reinforcing
bars into the holes at a maximum of 1m centres.*

Concrete floors and foundations may be re-levelled post earthquake by a process involving injecting
proprietary products underneath. “This process performs two functions: the first is to fill voids that
may be present in the soil beneath the building (effectively compacting the soil); and the second
serves to add extra bearing material between the compacted layers and the foundation or slab
(thereby lifting them to the desired levels).”™ Disruption to the property is minimal. Three
dwellings were tested with this technique, which show that this injection system is successful and
efficient, although “may not always be successful if the area to be consolidated and lifted is difficult
to confine.”* Although this is not a retrofit technique it may prove useful in ensuring that
dwellings in New Zealand remain safe and habitable post earthquake.

% Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building Research
Association of New Zealand, Judgeford, 2009, p 17.

®> Beattie, GJ. Repair and Reinstatement of Earthquake Damaged Houses — Phase 11. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 2006, no 158, p 25.

“ Beattie, GJ. Repair and Reinstatement of Earthquake Damaged Houses — Phase I1l. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 2006, no 158, p 229.
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Annotated Bibliography:
Written Texts:

American Society of Civil Engineers. Seismic Evaluation of Existing Buildings. American
Society of Civil Engineers, United States of America, 2003.

This book outlines a three tiered process for the seismic evaluation of existing buildings and is
designed to operate as a tool for design professionals, code officials and building owners. These
tiers include the screening phase, the evaluation phase and the detailed evaluation phase, which is
then divided into seven sections each looking at a different building type. Wood light frames is
considered as a building type, and includes a structural checklist examining load path, vertical
discontinuities, deterioration of wood and wood structural panel shear wall fasteners. These are
rates as compliant, non-compliant or not applicable. Checklists are provided for differing areas of
the building and an assessment able to be made based on these results.

Concrete frames with infill masonry shear walls and stiff diaphragms are also considered as a
building type. The structural checklist again examines load path, soft storey, vertical
discontinuities, torsion, deterioration of concrete, masonry joints and cracks in infill walls. This
resource provides the tools for a thorough building analysis, however, it does not provide any
seismic retrofit details.

Applied Technology Council and the Structural Engineers Association of California. Built to
Resist Earthquakes. ATC/SEAOC Joint Venture, California, 1999.

This resource acts as a training curriculum, divided into three main sections; wood frame
construction; concrete and masonry construction; and non-structural building components. Each
section details the seismic response of the construction type, load paths, improving earthquake
performance, seismic retrofit and inspection checklists. Seismic retrofitting of wood frame
construction is outlined, covering issues such as weak storeys, deformation compatibility problems,
unregulated penetrations of shear walls and connectors and their stiffness. However, no relevant
retrofit details are given. Seismic rehabilitation of concrete and masonry structures is outlines,
examining issues such as anchorages and fibre-reinforced composite systems. This resource is very
relevant to this report in that it does discuss seismic retrofit measures and issues that may arise,
however, no retrofit details are given.

Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926,
Building Research Association of New Zealand, Judgeford, 2009.

This article first examines the process of an earthquake, how it affects houses and what areas of
New Zealand are susceptible. It then explores dwelling foundations with a close examination
across different elements comprising the foundation and subfloor. Firstly pile connections are
considered, and adequate connections noted as critical to ensure the house does not fall of the piles
in an earthquake. “The connection between the piles and the bearers...should be either a piece of
4mm diameter wire fixed to the piles and the bearer with staples or ‘Z’ nails...and skewed nails”®
(see Figure 101).

% Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building Research
Association of New Zealand, Judgeford, 2009, p 5.
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Figure 101
Typical Modern Pile to Bearer Connections
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 5.

Subfloor bracing is considered second, examining corner sections of reinforced concrete foundation
wall and the connection to the floor joist, which is often poor. A diagonal brace bolted to the joist
and the concrete wall is suggested (see Figure 102).

Joists 100 mm x 50 mm M12 bolt

I_’l}c ey
(]f necels :]r\r)

M2/

Figure 102
Corner Wall to Joist Remedial Connection Details
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 7.

Bracing with sheet material follows with details suggested for this retrofit (see Figures 103 and
104). Rules are outlined for bracing with diagonal braces in a timber piled foundation situation.
These include: “At least two braces should be installed on the outside row and every second row of
piles in between and in both directions, the bolt connecting the brace to the bottom of the pile
should be a minimum of 300mm above the ground, the bolts should be at least hot-dipped
galvanised, the height of the top bolt should be no less than four times the height of the bottom bolt
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above the ground, the slope angle of the brace should be no steeper than 45 degrees.”* Retrofit
details are again suggested (see Figures 105 and 106).

Figure 103
Bracing in a Piled House with Sheet Material: At bearer ends
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 9.

Figure 104
Bracing in a Piled House with Sheet Material: At joist ends
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 9.

* Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building Research

Association of New Zealand, Judgeford, 2007, p 11.
9,p7.
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Figure 105
Added Timber Braces to Timber Piles: Fixed to a bearer
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 11.

N

Figure 106
Added Timber Braces to Timber Piles: Fixed to a joist
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 11.

Connections and bracing is very important, too, in timber jack stud subfloor framing (see Figure
107). A retrofit system for strengthening jack stud walls is outlined (see Figure 108) as well as
notes on such measures for this foundation type. These include: “remove [the brittle existing sheet
cladding] and replace it with modern fibre cement sheet not less than 7.5mm thick and nailed at
150mm centres to the timber plates and studs around the perimeter of all sheets... with 40x2.5
galvanised flat head nails. The sheet should be nailed to the intermediate studs with nails at 300mm
centres. Add either fibre cement sheet material to the inside face nailed [as above] or add minimum
7mm thick D-D grade plywood nailed [as above].”"

" Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building Research
Association of New Zealand, Judgeford, 2009, p 12.
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Figure 107
Jack Studs on Perimeter Foundation Wall
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 12.
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Figure 108
System for Strengthening Jack Stud Walls against Earthquakes
Source: Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building
Research Association of New Zealand, Judgeford, 2009, p 13.

Slab on grade foundations which are prone to slipping sideways have suggested retrofit measures to
improve earthquake performance. Firstly the floor is checked for the presence of reinforcing steel;
if found then a small excavation into the foundation is necessary to ensure that the steel passes
between the two concrete sections. If the steel is not present, the remedy is to drill 12mm diameter
holes 200mm deep into the floor in the interior adjacent to exterior walls and glue D12 reinforcing
bars into the holes at a maximum of 1m centres.%

Clay and tile roof remedial measures are covered in the following section of this article, then
protective measures for chimneys, header tanks, hot water cylinders and house contents are

outlined.

9 Beattie, Graeme. Houses in Earthquakes. Unpublished amendment of Study Report SR0926, Building Research
Association of New Zealand, Judgeford, 2009, p 17.
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Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair
Techniques. BRANZ Study Report, Building Research Association of New Zealand,
Judgeford, 2001, no. 100.

This report examines repair for domestic housing structural elements including exterior wall clad
with sheet sheathing, a braced pile foundation system, a brick veneer corner and gypsum
plasterboard lined interior walls. These systems were indentified through research as the most in
need of consideration by the construction industry. Most relevant to this report is the section on
braced pile systems, were a test was set up examining four piles and three diagonal braces to
determine necessary repairs for such a system for varying levels of damage that could occur in an
earthquake (see Figure 109).

Plan on Wall

1200mm

= o 4 A Joists | |
T T Bearer T
125 x 75 mm -Plles
125 x 125 mm

S02mm

500mm

Brace
S 100 x 75 mm |
| U L ! L

1600mm & 1600mm | 1600mm

Cross Section Elevation of Test Specimen

Figure 109
Details of the Braced Pile Specimen
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques.
BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 22.

The test followed requirements of NZ2S3604:1999, “all bolted connections were M12 galvanised
bolts through close fitting holes in the timber. A 50mm x 50mm x 3mm flat washer was installed
beneath each bolt head and under each nut. The bolts were tightened firmly with an adjustable
spanner, as would be expected to occur in practice.”™ This test revealed that although movement

hh Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques.
BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 21.
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occurs (see Figure 110) it is difficult to tell what damage has occurred without removing a brace
post earthquake, so this is recommended; a thorough checking of “the state of the bolt and the
timber around it”" (see Figure 111).

Braced Pile Initial Hysteresis Plot

- . a0

160 150

Total Load on Braced Piles (kN)

36—
Longitudinal Displacement of Bearer (mm)

Figure 110
Longitudinal Displacement of Bearer Against Load
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques.
BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 23.

 Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques. BRANZ
Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 23.
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Figure 111
Pile Brace after removal showing bent bolt and slot in brace
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques.
BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 24.

Two repair methods were tested; filling the holes with builders’ fill and redrilling once fill has
hardened, and removing of bolts and enlarging of bolt holes for M16 bolts (See Figures 112 and
113).
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Wall on Piles - Total Load vs Bearer Displacement
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Figure 112
Comparison of Performance Before and After Holes Repaired with Builders’ Fill
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques.
BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 25.
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Wall on Piles - Total Load vs Bearer Displacement
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Figure 113
Comparison of Performance Before and After Holes Drilled out and M16 Bolts Installed
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques.
BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 26.

Ultimately this decision of repair is to be made once a brace is removed after the earthquake and
assessed for internal damage. This study report emphasises that “performance will be influenced by
the strength of the subsequent event, the correct identification of the damage sustained and by the
quality of the repair carried out,™ suggesting through survey of building elements their
maintenance and repair is of paramount importance. Connections and their quality is also
emphasised, placing further direction in the focus of this report, where retrofitting of details and
their connections is considered.

Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair
Techniques — Phase 11. BRANZ Study Report, Building Research Association of New
Zealand, Judgeford, 2003, no 123.

This study report is the second in a series which aims to establish the likely damage of dwelling
elements when subjected to earthquakes, and possible retrofit techniques. This report examines
brick veneer cladding; exterior walls with only interior linings providing bracing resistance;

J Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques. BRANZ
Study Report, Building Research Association of New Zealand, Judgeford, 2001, no. 100, p 50.
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vertically realigning a house that has been left out-of-plumb by an earthquake; and an investigation
of the performance of walls with installed windows and various claddings. The vertical realignment
of a house relates most closely to this report; this examines a house on a pile foundation and its
construction in outlined (see Figure 114).

Figure 114
House to be Aligned Vertically
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques —
Phase Il. BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2003, no 123, p 11.

The repair techniques tested included using a light wire rope and ratchet winch to realign a wall, an
using a two tonne capacity car bottle jack to realign a wall. Final recommendations for repair
procedures are outlined (see Figures 115 and 116).
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System

Whole house

Damage sustained

House 15 distorted
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vertical lines (e.g.
edge of door
frames) are now
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than 1 in 480
(Smmover24m
wall height), but
less than 1 in 150
(IS5 mmover 2.4 m
wall height). Doors
and windows are
jammed

Repair procedure

Remove skirting boards

and scotias. Attach
brackets to the bottom
plate and diagonally
opposite top plate and
fix a minimum capacity
3 tonne rigger’s hoist
between the two.
Tension the hoist until
the wall has passed the
‘plumb’ position and
release the hoist. Check
that the wall has
returned to the ‘plumb’
position and re-nail the
sheet linings. Re-install
the skirting and scotia
boards and redecorate

Other considerations

The elastic stiffness of
modern plasterboard
ceiling diaphragms may
prevent a single wall from
| being re-plumbed in
isolation. In this instance,
more than one wall may
need to be re-plumbed at
the same time. Check
damage to exterior
cladding

Whole house

[ House is distorted
due to lateral
racking so that
vertical lines (e.g.
edge of door
frames) are now
sloping at greater
than 1 in 150 (15
mm over 2.4 m
wall height). Doors
and windows are
Jammed

Remove skirting boards
and scotias. Remove
wall linings on affected
walls. Attach brackets to
the bottom plate and
diagonally opposite top
plate and fix a minimum
capacity 3 tonne rigger’s
hoist between the two.
Tension the hoist until
the wall has passed the
‘plumb’ position by

10 mm. Fit diagonal
light gauge metal braces
parallel to the hoist and
release the hoist. Fit
new interior linings and
redecorate

Figure 115
Repair Techniques

The elastic stiffness of
modern plasterboard
ceiling diaphragms may
prevent a single wall from
being re-plumbed in
isolation. In this instance.
more than one wall may
need to be re-plumbed at
the same time. During
the time that the linings
are removed the
stability of the structure
may be in jeopardy,
especially if it is the
bottom storey of a two
storey structure. Ensure
that temporary braces are
installed. The services of
a structural engineer are
| required. Also. check
damage to exterior
cladding

Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques —
Phase Il. BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2003, no 123, p 32.
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Repair Techniques
Source: Beattie, G J. Repair and Reinstatement of Earthquake Damaged Houses — Derivation of Repair Techniques —
Phase 1. BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 2003, no 123, p 31.

This emphasises assessment of the individual situation and although these methods are not retrofit
techniques, they do aim to make the dwelling safe and habitable post earthquake.

Beattie, GJ. Repair and Reinstatement of Earthquake Damaged Houses — Phase 111. BRANZ
Study Report, Building Research Association of New Zealand, Judgeford, 2006, no 158.

This study report is the third in this series, examining likely damage that will occur in different
dwelling elements in the event of an earthquake. Repair procedures are tested for each element
also. This study report investigates stucco wall claddings; softboard ceiling linings; hardboard
ceiling linings; and lath and plaster walls. A further section is detailed on the soil injection
procedures to level house foundations and floor slabs. This settlement may take place during an
earthquake if “liquefaction of layers of soil deep beneath the house foundation occurs.” Timber
pile foundations can be re-levelled by jacking up and inserting packers between piles and bearers.
Concrete floors and foundations may be levelled by a process involving injecting proprietary
products underneath. “This process performs two functions: the first is to fill voids that may be
present in the soil beneath the building (effectively compacting the soil); and the second serves to
add extra bearing material between the compacted layers and the foundation or slab (thereby lifting
them to the desired levels).”" Disruption to the property is minimal. Three dwellings were tested
with this technique, which show that this injection system is successful and efficient, although “may
not always be successful if the area to be consolidated and lifted is difficult to confine.”™"
Although this is not a retrofit technique it may prove useful in ensuring that dwellings in New
Zealand remain safe and habitable post earthquake.

Beattie, GJ. Retrofitting of Houses to Resist Extreme Wind Events. BRANZ Study Report,
Building Research Association of New Zealand, Judgeford, 2008, no 187.

This study report explores wind design in New Zealand, where many earlier New Zealand

dwellings do not meet current NZ3604 standards for wind loading. This predominantly affects wall
and roof claddings and roof connections. This study is divided into ten sections covering areas such
as cladding systems; considerations of building standards requirements; and wind effects on houses.

K Beattie, GJ. Repair and Reinstatement of Earthquake Damaged Houses — Phase I1l. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 2006, no 158, p 25.

' Beattie, GJ. Repair and Reinstatement of Earthquake Damaged Houses — Phase I1l. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 2006, no 158, p 25.

MM Beattie, GJ. Repair and Reinstatement of Earthquake Damaged Houses — Phase 111. BRANZ Study Report,
Building Research Association of New Zealand, Judgeford, 2006, no 158, p 229.
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Retrofit solutions are given for roof claddings and varying roof connections and the costing of these
proposed solutions is outlined. Although this study report does not directly relate to foundation
retrofit, it does emphasise retrofit as a pre-emptive strategy to minimise damage and reinforces the
importance of connections, two principles which align closely with the seismic retrofit of dwelling
foundations.

Bosher, Lee and Dainty, Andrew and Carrillo, Patricia and Glass, Jacqueline. Built In
Resilience to Disasters: A Pre-Emptive Approach. In Engineering, Construction and
Architectural Management, Emerald Group Publishing Ltd., United Kingdom, 2007, vol 14,
no 5, pp 434-446.

This article presents the findings of a UK-wide questionnaire which aims to identify which
construction-associated stakeholders should be involved with disaster risk management initiatives.
Disaster risk management is summarised into four phases: “hazard identification; mitigative
adaptations; preparedness planning; and recovery (short term) and reconstruction (long term)
planning.”™ The design construction operation process is then outlined and the research findings
discussed, developed from questionnaires, in-depth interviews and validation exercises (see Figure
117).

spondents
[hsciphnary backeround Questnionnaires n-depth interview Vahdation exercise

eneral contractors b

filities and transportation

I

(

Project management
|

I management
I

Figure 117
Respondent Numbers
Source: Bosher, Lee and Dainty, Andrew and Carrillo, Patricia and Glass, Jacqueline. Built In Resilience to Disasters:
A Pre-Emptive Approach. In Engineering, Construction and Architectural Management, Emerald Group Publishing
Ltd., United Kingdom, 2007, vol 14, no 5, p 438.

The results can be understood via tables showing where key stakeholders should provide disaster
risk management input (see Figures 118 and 119).

" Bosher, Lee and Dainty, Andrew and Carrillo, Patricia and Glass, Jacqueline. Built In Resilience to Disasters: A
Pre-Emptive Approach. In Engineering, Construction and Architectural Management, Emerald Group Publishing Ltd.,
United Kingdom, 2007, vol 14, no 5, p 435.
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Figure 118

The Phases when Key Stakeholders Should Provide Disaster Risk Management-related Inputs

Source: Bosher, Lee and Dainty, Andrew and Carrillo, Patricia and Glass, Jacqueline. Built In Resilience to Disasters:
A Pre-Emptive Approach. In Engineering, Construction and Architectural Management, Emerald Group Publishing

Ltd., United Kingdom, 2007, vol 14, no 5, p 442.
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Post-completion [nsurers (15, 17, 18)

{four stages, 15-18)

Utilities companies (16, 17)
Chent

||f-|\ 1 8)

er (15, 16)

Urban planners/designers (18)

Figure 119

L

Formal unspecified mnput (stage o
optimal input indicated in

parentheses)

Emergency/risk managers (all)
(2-4)
Ltilities c iy anies 3.

Structural en

Architects/desig

Contractors (15, 17, 18)
Structural engineers (15, 18)
Government agencies (17, 18)

Summary of the Key Stakeholders that Should be Involved and Where Inputs Should be Made
Source: Bosher, Lee and Dainty, Andrew and Carrillo, Patricia and Glass, Jacqueline. Built In Resilience to Disasters:
A Pre-Emptive Approach. In Engineering, Construction and Architectural Management, Emerald Group Publishing
Ltd., United Kingdom, 2007, vol 14, no 5, p 443.

This study emphasises that resilience of the built environment should be “systematically built into
the planning, design, construction and operation processes.”® Thus, the study relates to this report
by its focus on pre-planning, understanding of rick and tailored construction solutions, all of which
operate closely with seismic retrofit of dwelling foundations in New Zealand.

Building Research Association of New Zealand. Subfloor Bracing for Single Storey Light
Timber Frame Buildings. Building Research Association of New Zealand, Judgeford, 1984,

Technical Recommendation no 5.

° Bosher, Lee and Dainty, Andrew and Carrillo, Patricia and Glass, Jacqueline. Built In Resilience to Disasters: A Pre-
Emptive Approach. In Engineering, Construction and Architectural Management, Emerald Group Publishing Ltd.,

United Kingdom, 2007, vol 14, no 5, p 444.
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This technical recommendation covers varying aspects of bracing, its requirements and
implementation, which is crucial to withstand earthquakes. The document outlines the buildings to
which this bracing is applicable and then covers the specification of braces including subfloor
bracing construction; required amount of subfloor bracing; location of subfloor braces; and attic
room construction. Tables are given to enable proper bracing implementation (see Figure 120) and
possible layouts suggested for when floor diaphragms are present and not present (see Figures 121
and 122).

Average
Earthquake Roof slope of Number of subfloor braces in each direction
zone type roof(°) for a ground floor area (m?) not exceeding:

(see Figure 2)
50 60 70 80 90 100 120 140 160 180

A Light 0-60 a4 5 6 6 7 9 10 I
Heavy 0-25 308 e SR S 26 7 8 9 Il 12

26-45 45 B 6 1 7 9 1l 12 13

46-60 ¥ .5 6.1 B 9 10 12 7 15

B Light 0-60 BEie g e fp- 5 5 6 7 8 9
Heavy 0-25 3 3 4.4 5 5 7 8 9 10

26-45 A B RS 6 7 9 10 [

46-60 ol S5 7 9 o 1l 13

C Light 0-60 7 AR I A 4 5 6 7 74
Heavy 0-25 2 3 3 4 4 4 5 6 7 8

A 26-45 k=3 & 4K 5 6 7 8 9

Le-60 alely. H 5 h 6 7 8 9 10

Figure 120

Number of Subfloor Braces for Earthquake 1.5kPa Floor Live Load
Source: Building Research Association of New Zealand. Subfloor Bracing for Single Storey Light Timber Frame
Buildings. Building Research Association of New Zealand, Judgeford, 1984, Technical Recommendation no 5, p 4.
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Diaphragm

Denotes the directions of action and some <—— = Similarly denotes seme locations for any
possible locations of subfloor braces to satisfy a additional subfloor braces which may be required to
requirement for four acting in each of two directions make up the total. They can also be added under the
at right ongles. Usually they will be located at the body of the building.
corners.

Figure 121

Example of Location of Subfloor Braces when a Floor Diaphragm is Used
Source: Building Research Association of New Zealand. Subfloor Bracing for Single Storey Light Timber Frame
Buildings. Building Research Association of New Zealand, Judgeford, 1984, Technical Recommendation no 5, p 8.

i

e P
f--gmmox._— AJ

Note: This dimension

can be measured in any
horizontal direction and
not necessarily parallel to
the brace directions.

<+—— Denotes the directions of action and some <™~ = —» Similarly denotes some locations for any
possible locations of subfloor braces to satisfy the additional subfloor braces which may be required to
minimum requitement that in each of two directions make up the total. They can also be added under the

at right angles, subfloor braces be spaced not further body of the building.
apart than é m in any horizontal direction. Usually
they will be located at the corners.

Figure 122
Example of Location of Subfloor Braces when a Floor Diaphragm is Not Used
Source: Building Research Association of New Zealand. Subfloor Bracing for Single Storey Light Timber Frame
Buildings. Building Research Association of New Zealand, Judgeford, 1984, Technical Recommendation no 5, p 8.

Thorough worked examples follow this, showing how the given tables and resources can be applied
to correctly brace a dwelling (see Figure 123).
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T |
N |
.
E 3
e - 1) | \ /
=~ a Sm )7 SR - \
T # y
2.4 g
1 /]
1.2 7
T 1 ¢ ‘
4
|[ 8m : 4 m—# = — “/ ‘
\
| |
A
gl
) 4
- XN
L SR R N
Design parameters are: L o !
Earthquake zone: A
Roof type: heavy
Average slope of roof: [I5% From Table | the number of subfloor braces required
F loor area: 120 m? in each direction for earthquake is 8 (using "A",
Floor design live load: 1.5 kPa "Heavy™, "0°-25""_ and "120").
Wind exposure: hi%h
Maximum slope of roof: 157 (all * From Table 5 #he number of subfloor braces required
directions) is: 5 for brocimg of right angles to the |12 m
Horizontal building dimensions: 12mand 14 m dimensionfusing “High™, 0" -25"", "I", and "12"); and
Average height of roof: less than 1.0 m é for brocing of_might? angles to the |4 m dimension
Floor decking: either sheet (using "High™, "I -25" and "14").
material or
tongue and The requirement is thersfors 2 minimum of 8 in each
groove boarding direction {eorthoguaoles gowerns).
10
Figure 123

Example of Bracing Design
Source: Building Research Association of New Zealand. Subfloor Bracing for Single Storey Light Timber Frame
Buildings. Building Research Association of New Zealand, Judgeford, 1984, Technical Recommendation no 5, p 10.

This resource is relevant both in a new build and a retrofit as it allows one to assess the need for and
placement of bracing. This is clearly communicated and able to be applied by the user. This is
relevant to this report in that it enables the assessment of current bracing of a dwelling and whether
retrofit measures may be necessary.

Burdon, Nigel and Kueh, Hsueh-Lynn and McMannus, Kevin J. Design of Foundations to
resist Shear during Earthquakes. University of Canterbury, Christchurch, 2004.

This report seeks to develop a uniform approach to resisting base shear when designing structures.
The study conducted investigated the behaviour of three foundation systems: slab on grade; slab on
grade with two parallel foundation beams; and a slab and beam foundation interacting with a pile;
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under lateral loading and noted the characteristics which began to develop. Following this a general
design approach outline is defined. Although most useful in a new build rather than a retrofit
construction, the study yields valuable information on the construction of these foundation types,
the importance of their connections and the quality of construction, all of which are paramount in
the retrofitting of foundation and subfloor details also.

Camli, Unut Serdar and Binici, Baris. Strength of Carbon Fibre Reinforced Polymers Bonded
to Concrete and Masonry. In Construction and Building Materials, Elsevier Science Ltd.,
United States of America, 2007, vol 22, pp 1431-1446.

This article reports on a study where fifty seven double shear push out tests were conducted to
determine the strength of carbon fibre reinforced polymers which were bonded to concrete prisms
and hollow tiles. Differing types of anchorage methods were tested. The test method is outlined,
utilising low and normal strength concrete in blocks and tiles (see Figure 124).

Sohd Concrete Block

ay tile (HET) specimens

Figure 124
Specimens and Test Setup
Source: Camli, Unut Serdar and Binici, Baris. Strength of Carbon Fibre Reinforced Polymers Bonded to Concrete and
Masonry. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2007, vol 22, p
1433.

Te test included strip type anchors, embedded type anchors and fan type anchors. The study
concludes that bond strength is sensitive to anchorage length and width over concrete or tile
compressive strength® and the presence of a layer of plaster decreased the capacity of these
anchors.% Although this study does not directly focus on retrofit details in line with this report, it

PP Camli, Unut Serdar and Binici, Baris. Strength of Carbon Fibre Reinforced Polymers Bonded to Concrete and
Masonry. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2007, vol 22, p
1444,

99 Camli, Unut Serdar and Binici, Baris. Strength of Carbon Fibre Reinforced Polymers Bonded to Concrete and
Masonry. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2007, vol 22, p
1444,
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does reinforce the importance of connections and the development of retrofit measures as a
necessary focus.

Carpenter, P and Jamieson, N J and Beattie, G J. Review of Low Cost Passive Damping
Systems for Retrofitting Lightweight Buildings and Structures. Central Laboratories Report
94-29139, Works Consultancy Services Ltd., 1994,

This report examines the use of low cost, passive damping systems which may be used in wind
sensitive structures, where additional loads occur as a result of the dynamic interaction of the wind
and structure. The dampers are described, including tuned mass dampers, impact dampers, shot
dampers and liquid sloshing dampers. A test method is then outlines which aimed to assess the
effectiveness of a damper by mounting it on a shaking table. Carpenter, Jamieson and Beattie’s
report is most useful in the design of larger scale buildings than this report is considering; slender
towers, tall chimneys, tall buildings, bridges and lightweight structures such as grandstand roofs are
more closely related.

Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction:
Part 2 Non-Cyclonic Areas. Standards Australia, Australia, 2006.
Committee TM-002 Timber Framing. AS1684.3 Residential Timber-Framed
Construction: Part 3 Cyclonic Areas. Standards Australia, Australia, 2006.
Committee TM-002 Timber Framing. AS1684.4 Residential Timber-Framed
Construction: Part 4 Simplified Non-Cyclonic Areas. Standards Australia, Australia,
2006.

These three Australia Standards have been analysed together as each is a slightly varied version of
the other. Each is divided into nine sections covering building elements such as substructure; floor
framing; wall framing; roof framing; and fixing and tie down design. Within the section on
substructure, areas such as soil classification; ventilation; and bracing are covered. Braced timber
stumps are detailed (see Figures 125 and 126) which are specified further with tables depending on
soil classification. Timber braces on masonry or timber columns are also detailed (see Figure 127)
which is a situation common in New Zealand dwellings. The bolted fixings are ideal for
retrofitting.
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|_.h._ /] ~ Concrete depth D (mm)
Concrete pier o ==
diameter W 400 600 800 1000
(mm) = =
[/ Bracing capacity per stump H (kN)
150 mm —
1 250 6.0 10 5 19
i — - —
| 300 T2 2 I8 23
1
D e i [
350 84 14 21 27
81 it -
1 ' 400 0.6 16 23 31
—min ) !
Concrete & e
W 150 1 19 f 35
pad - —
NOTES
I This Table is suitable for wind classilication up to N3
2 TFooting size needs also to be assessed for bearing (see Clause 3.6).
Figure 125

Bracing Capacity of Diagonally Braced Stump In Concrete Backfill
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 126.

_n'i Depth of stump into ground D (mm)
Stump = —r—— :
diameter B 400 600 800 1000
{mm) : ==
K l] B i Bracing capacity per stump H (kN)
100 m B SOOI B .
| ' , 100 3.3 5.4 i 9.9
8 125 L 6.8 9.5 12
+ ! I i
1 * 150 mm 150 5.0 8.1 L 15
. o i min. = S——
Concrete pad 200 6.6 | | 15 240

NOTES:
| Fhis Table is suitable Tor wind classification up to N3.

Footing size needs also to be assessed for bearing (see Clause 3.6)

Figure 126
Bracing Capacity of Diagonally Braced Stump In Soil Backfill
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 126.
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Bolt size or 130 mm min
SCrews as \ for M16 boll
per Table 8,9 | 160 mm min
P -1 for M20 holt

7L

600 mm max

(for twe column system)

Figure 127
Timber Braces on Masonry or Timber Columns
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 127.

Bracing columns are then detailed (see Figure 128) which are used for transferring racking forces to
the foundation.

1/M12 or

e P T;-"M‘I? 2/M10 bolts 1/M12
=y - - or
JAL, ’] 2/M10 50x6 mm 2/M10
I | e/ ¥
P bolts P 1 M.S. late
i 1Mz Dolt B Feate bolts
T or
by 2/M10 = Steel 1/M12 or
(N bolts n post ) 2/M10 bolts :
: : . A Timber
b Timber — = column
| | e =
b b column ;
:i :i \ R ‘ i ‘ 2 '," | | !
| | T3 i PR Sy Pt
b e fibety e RS R T
Dl | e (D Ao |D D
/ ! B benibab | ] S !
. \ 150 mm [+ 15 1 150 mm [+ I . 150 mm !
| f i |
Concrete Concrete Concrete
8 mm 12 12
baseplate bolt or rod bolt or rod

No-fines concrete shall be used for external hardwood columns

NOTE: For guidance on durability. see Appendix (

Figure 128
Concrete, Masonry and Steel Bracing Columns
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 138.
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Bearer tie down connectors are detailed in the section on fixings and tie down design (see Figures
129, 130, 131 and 132), with their uplift capacity noted. This may be relevant to seismic design
here in New Zealand dwellings.
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Position of tie-down connection

Uplift capacity (kN)

Unseasoned timber| Seasoned timber

Bearers to stumps, posts, piers
I

J2 Y I3 J4 | JD4 | IDS | D6

(a)
T = =
Nia o mm rod cast
15{ into concrete
'I stump and bent
RS over bearer 1 | kB | 40 | 1o | o] ko
w e at top
i
|| »
o
.|] W
|
(h) I strap with 4 nails each end
— 2/2.8mm & 99 | 7.5 [ 50 |71 | 58 | 4.4
nalls
_ 2 strap with 4 nails each end
30 0.8mm
G| strap as per 17 12 3.4 12 [ 97 | 7.4
table nailed with
2.8 mm @ nails I strap with 6 nails cach end
B 9.3 6.0 9.3 7.6 5.8
lails or = ) : s
TG F\.rnl_\ or ..plkr_.
post may be requir “_d 2 strap with 6 nails cach end
(see Clause 9. 7)
23 17 12 17 14 10
{c) No. of bolts
70 mm min
= I/MIO | 5.7 | 52 | 3.6 | 32 4:5 ||| 39
|
2 bolt dia / '_ 6 bolt dia 1/M12 ] 8.1 6.8 4.7 7.4 6.4 5
B 5 bolt dia
Bolts as 4 bolt diz
olt dia. " =4 .
per table — 2/M10 | 13 10 7.3 12 I | 83
70 mm
i Timber 2/IMI2 | 17 14 9.4 17 14 10
post i
2IM16 | 26 20 14 27 20 13
Et|l
Il
. |
i .
| Nails or
i
18 spikes may
| = be required

e =] M12 cranked bolt
through bearer
with M12 bolt
through stump

\/_I | = (see Clause 9.7)
I |

-

Figure 129
Uplift Capacity of Bearer Tie Down Connections
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 182.

(contined)
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e - Uplift capacity (kKN)
Position of tie-down connection —
Inseasoned timher| Seasoned timber
Bearers to stumps, posts. piers J2 J3 J4 | D4 | IDS | JD6
(&)
| A | |
I
[
u I - Bt
I I ]
I I
1 ~ i
L~ 2 2 2 ) 2 2
— _u_i Nails or spike
50 x6mm — dbL_— ] H may be required
bent MS plate 4~~~ (see Clause 9 7)
min. 2 bolts
to stump A
.||I' T
i
ket Ir"i
\'f <
i
L !
f : MI0 % 50 mm
coach screw 8.5 1 (% | 33 | 8 |
or bolt
Option:— e MS angle
50 x 4 mm V=i ——M10 bolt tied
: : 11/
MS bar tied A0 to footing
to foot ng ; or M5 |_;.'_1'[
tg)
Bolt as per table — Bolts
-
MIO | IR 18 18 15 12 9
I 500 mm for
MI10 and M12
by "1 '3_! 2 > 2 —}
1 600 mm for M16 /,.; MIZ | 2 29 26 20 16 12
i
i hoal
Bolt tied to footing / | MI16 50 50 16 is 28 21
1
(h) No. ol bolts
— Bolts or =
y { e 1/M10 18 18 18 15 12 9
coach =
SCrews as I/IMI12 | 27 27 26 20 16 12
per table
2/M10 6 36 36 i) 24 18
2/M12 | 54 54 52 ) 32 24
No. of coach screw (73 mm min, )
IMID | 7.5 55 : A 4.7 3.6 2.6
" N LD b 2 ; ]
75 %< 10 mm - I/M12 8.2 (ENH 4.4 3A) 4.2 0
MS plate 2MID| 15 [ 11 | 74 | 94 | 72 | 5.2
4 mm CFW :
2iIM12 16 12 8.0 10 84 6.0
{continwed)
Figure 130

Uplift Capacity of Bearer Tie Down Connections
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 183.
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iplift capacity (KN)

Position of tie-down connection f—=
Unseasoned timber| Seasoned timber

. J2 ‘ J3 [ .H_. JD4 J JDS Jl)ﬁ‘

(1) -

-

Bearers to stumps. posis, piers

Bolts
2 bolt dia ‘ ) A Eoll as
4boltdia, il per table UMI0 [ 77 | 62 | 44 | 79 | 63 | 50
5 bolt rliw
b 500 f
2uld mm tor 1/MI12 10 82 57 11 8.3 6.0)

MI10 and M12
BOO mm for

15 x 8 mm——

N\ 16 - 7
& Flahtal \ M16 and M20

M3 Tishtail o imie | 16 | 12 | 86 | 16 | 12 | 80

plate \
2/IMI10 15 12 88 16 13 9.9
2IM12 21 16 Il 21 17 12

MS column
2IM16 32 24 17 32 24 16
(1) No. of bolts

MO [ 9.1 8.3 6.6 8.3 T3 6:2

M12 balt min —_—

Z0x3mm| UMI2 | 13 12 9.5 12 (4] 9.1
fillet weld
b 4 i o] )
4/3.75 mm @ nails both sides | = M10 18 17 5-__ 17 15 12
or 5/3.33 mm & nalls 2/M12 | 26 24 19 20 6 12
2IML6 | 27 27 26 20 6 12
i : ;
| B bolt dia No. of coach screws
Bolts or 100 mm — : J ¢ ] % = E
long coach screws . 5 bolt dia D] 20 | 80 | &6 | &3 ) %3 | S
1/M12 13 12 7.9 12 85 | 63

as per table

50xGmm | M0 | 18 | 12 [ a3 | 17 | 13 ] 0

limber post

MS plate UMI2 26 24 16 20 16 12

2/IM16 | 27 27 21 20 16 12

(k) No. of bolts

IMIT0O | 9l B3 6.6 83 7.3 6.2

—— M12 balt
1/M12 13 12 9.3 12 10 9.1
, e
i Fif . i g | a7 az [z ] s | 12
i :
| | |50 mm max 2IMI2 | 26 | _3-"‘ 19 20 16 12
i — amis | 27 | 27 | 26 | 20 | 16 | 12
50« b mm - No, of coach screws
bent MS — — Bolts or 100 mm
plate === long coach MID | 901 8.3 6.6 8.3 T3 5 |_
scrowsasper | ymiz| 13 | 12 | 79 | 12 | 85 | 63
able
Himber post gl 2MI0 | 18 | 17 | 13 | 17 | 15 | 0
2IMI12 | 26 24 16 20 16 12
2IM 16 2T 27 21 20 16 12
(caninued)
Figure 131

Uplift Capacity of Bearer Tie Down Connections
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 184.
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Position of tie-down connection

Uplift capacity (kN)

I nseasoned timber

Seasoned timber

Bearers to stumps, posts, piers J2 J3 J4 .II}-I“- JD6
(1 -
50 = 6 mm No. of bolts
1 Plate
2 bolt dia.
| 5 bolt dia _
£ 2iMI0 | 31 20 13 20 14 9.8
r- bolt dia
b bolt dia
5 bolt dia
2oty a5 —— ; |
G } amiz | 36 | 23 | 15 | 24 U
per lable
[imber post
2/M16 19 3l 20 3 23 16
(m) -
No, of bolts
Bolts as
per table M10 14 |98 |63 | 10 |7 1.9
i o=
300 mm M2 18 12 | 78 12 | &7 | 61
7T5x6mm 1
MS stirrup
MI6 | 24 16 |98 | 17 | 12 8
Figure 132
Uplift Capacity of Bearer Tie Down Connections
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-

Cyclonic Areas. Standards Australia, Australia, 2006, p 185.

The joist tie down connections are detailed following this (see Figures 133 and 134).
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Uplift capacity (kN)

Position of tie-down connection
Unseasoned timber| Seasoned timber

Floor joists to bearers or top plates J2* l J3 ‘ J4 D4 ‘ JD5 ‘ JDo6
(i)
No. of | Gloe-coated or deformed shank
s r\!l”””"-””_ nails {machine-driven nails shall be used,
75 %305 mm
skew nails as
‘, per table 2 13 || B2 | B | 89T (050 | 036
- 3 2.2 1.8 1.6 1.1 | 975 | 0.55
! 4 3.0 2.4 22 1.5 1.0 | 0.72
(b}
o - No. of straps
imikie l_ = ; - Nominal
121[; with " \,/ koo nailing
ne A FHOA I |6s |47 |33 47|38 29
nails each SRvan
end as per AL I'f Ml
table ‘ ] ¥
2 12 8.4 5.9 8.4 6.9 3.2
()
30 = 0.8 mm
Nominal G |€_?f_l|'.‘F,'lj :';11'&’][_1
nailing : 2.8 mm @ nails
|II CaET
1 (B | 36| B
Nails required for each end of looped strap;
3/2.8 mm & for J2
4/2.8 mm 2 for J3 and JD4
5/2.8 mm & for J4, JD5 and JD6
(d) No. of framing anchors
Framing anchors as —, | 49 1.5 2.5 3.5 29 2.2
per table, 4/2.8 @
nails in each leg 9 8.3 50 1.2 59 19 g0
i | 3 12 8.4 59 | 84 | 69 | 52
\ ‘ | 4 15 11 7.7 11 8.9 6.8

16 14 1) 1) 7.0 5.0

L M10 up-head bdie®

(contimied)

Figure 133
Uplift Capacity of Floor Joist Tie Down Connections
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 186.
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Uplift capacity (kN)

Position of tie-down connection
L'nseasoned IIIIIl‘L‘I'! Seasoned timber

[ a2 ﬁm ‘ J4 | D4

Floor joists to bearers or top plates JDs l JDo6

(1) : b
Na, of holts

! I~ D ! i
I / 2 | 92 S0 Cr B
5 mim @ 2IMLO| 14 ] 92 | 59 10 19
[4 mm@ i = = 5
2/IM12 1 I 7.0 12 8.7 6.1
_____ l
Coach screws
o -~ e |
50 x 50 = 5 mm MS angle
2 7 3 5 3 2.5
with bolts or screw each 2IMIO 1.6 3.0 5 6 | 25
end as per table |
()
No of nails per wing
!
‘ 5 4 ¢ -
1 b
E 7 lS 6.5 -7 3 1.7 3.8 2.9
i
| 4 8 59 | 42 | 5.9 | 49 | 3.7
|
5 | joist hanger with 5 99 | 71 % ﬂ_ s8 | 44
bwings and 2.8 mm @ | |
1a1ls through each wing |
as per table 6 2 | 84| 59| 84 | 69 | 52

Figure 134
Uplift Capacity of Floor Joist Tie Down Connections
Source: Committee TM-002 Timber Framing. AS1684.2 Residential Timber-Framed Construction: Part 2 Non-
Cyclonic Areas. Standards Australia, Australia, 2006, p 187.

This resource gives a comprehensive selection of tables, details and information relevant to
residential timber-framed construction in Australia. These details may prove useful to be applied in
New Zealand, or altered to best fir New Zealand’s unigue conditions.

Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial
Measures. BRANZ Technical Paper, Building Research Association of New Zealand,
Judgeford, 1982, no. P37.
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This technical report explores remedial measures to strengthen dwellings for earthquakes, across
four main sections: chimneys, concrete or clay tile roofs, walls, foundations and subfloor framing;
and three lesser sections: header tank, hot water cylinder and house contents. Each section is briefly
introduced then a series of practical and cost effective remedial measures laid out. The section on
foundations and subfloor framing relates most closely to this report. Perimeter foundation walls
are first considered, and praised for their qualities of a sound method of construction if “properly
connected to the foundation wall.”"™ Should only 4mm wires and staples have been used to connect,
as was common practice, remedial measures are recommended (see Figure 135).

M12 coach screw
and washer

100 mm x B0 mm

. Half pile
100 mm x 50 mm Penrneu_er Perimeter foundation
foundation wall
wall

(a)  Pile bonded to perimeter wall

Begper M12 bolt and washer Floor joist

20 mm x 75 mmr |, e
\ : ‘A Two M10 coach screws
s

S

Bearer

100 mm x 75 mm

p\fﬂ‘z s 1 100 mm x 75 mm

100 mm x 50 mm Alternative fixing

(b)  Pile separate from perimeter wall

Figure 135
Masonry Veneer Detail; half-pile detail
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 33.

™ Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 32.
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Corner walls and piles are considered second, and again proper connection is essential for its
performance. If the leg of the corner foundation running parallel to the floor joist is not connected
to the subfloor framing, remedial connections should be considered (see Figure 136 and 137).

Joists 100 mm x 50 mm M12 bolt

M12

Figure 136
Corner Wall Foundation Remedial Detail
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 35.

M12
T
- . V&;%{gﬁ - —
. e ATEhE L

100 mm x 50 mm brace 7

Figure 137
Corner Wall Foundation Remedial Details — To be duplicated at opposing corner wall
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 35.

Piled foundations are considered third; houses on these types of foundations are at risk in a large
earthquake of significant sideways movement “or of falling off their foundations altogether.”*
Remedial measures outlines fall into three subcategories: infill walls, bracing with sheet material
and timber jack stud subfloor framing. Infill walls operate in a similar manner to a corner
foundation wall and recommendations are given for configuration and placement of infill walls

s Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 36.
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depending on dwelling design and dimensions. Connections are of paramount consideration and
must be executed properly for the ideal functioning of the infill wall (see Figures 138 and 139).

Three 10 mm diameter
bolts or dowels

/ \ \ Bearer Bearer
iy . \

Form to this shape for
pouring trough

and break off

after 24 hrs

Cross-section
Cast in situ Loop of 10 mm diameter of infill wall
concrete wall reinforcing steel
Figure 138

Infill Walls and Connections
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 39.
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Twelve Cast in situ Reinforcing Bolt with head recessed
100 mm nails concrete wall (10 mm diameter) into 100 mm x 50 mm timber
AN i e
'\\ N N / g Joist I
O B e G RS R T
3 T
,I
/
NZ /
S 7Sk T-KW‘ Cross-section
= » of infill wall

1.2 m minimum

Figure 139
Infill Walls and Connections
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 39.

Bracing with sheet materials occurs between the piles on the perimeter of the house; this is a simple
remedial measure to execute but care must be taken to ensure the boards are flush and ventilation
may occur to the subfloor (see Figures 140 and 141).
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7.5 mm sheet nailed to joist Floor joist 75 mm x 50 mm timbers
and 75 mm x 50 mm timbers fitted tightly between piles
\ /

L}
T ! ’,

Make sure there is at least
300 mm x 300 mm x 100 mm
of concrete footings around piles

AT BEARER ENDS

Nail sheet Bolt through ' Nail if timber fillet
to bearers sheet Vent in pile
v g ' Y ? ~ Bolt
| through
\ \ ! ) )

<y

3 NV, NS
& >
A B

7S
Y

.

\ Cross-section
Nail sheet to timber

. at 160 mm centres = TS
\'75 mm x 50 mm timbers Ko/ SHS ,.4

fitted tightly between piles

N\ 7
%,

7,
[, Y

AT JOIST ENDS

Figure 140
Bracing Piled House with Sheet Material
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 41.
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O

1.8 m centres

Figure 141
Subfloor Ventilation Detail
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 41.

Timber jack stud subfloor framing is used on sloping sites to mediate height difference “between
foundation walls or piles and the floor framing.”" Bracing is required against horizontal movement
and can consist of a timber brace, sheet material, or an infill wall (see Figures 142, 143 and 144).

o Weatherboard
Floor joists cladding

L0 0 88 %8R0 |
| /

——— 150 mm x 25 mm
timber brace

Concrete foundation

Figure 142
Perimeter Jack-Studding
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 45.

“"Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ Technical
Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 42.

Page 138 of 332



Retrofitting House Foundations to Resist Earthquakes

Sheet material atided

(7.5 mm D-D grade construction

plywood or 7.6 mm cement-based sheet)

Nail at 1560 mm centres at all sheet edges

with B0 mm x 2.5 mm gzlvanised flat head nails

Figure 143
Jack-Studding Remedial Work
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 45.
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Existing framing

Sheet cladding on other side
100! it 575 i \ (or add sheets to inside)

Dowels
or bolts

P | \]\

l v;
|

Remove any timber frame
in the shaded area and replace
with a poured concrete infill wall

Figure 144
Jack-Studs on Piles Remedial Work
Source: Cooney, Russel. Strengthening Houses Against Earthquakes: A Handbook of Remedial Measures. BRANZ
Technical Paper, Building Research Association of New Zealand, Judgeford, 1982, no. P37, p 47.

Further explanation on bracing and its placement in the dwelling’s design concludes this section on
foundation and subfloor framing. Ultimately emphasis is placed on connections for minimisation of
post earthquake damage, and of simple and cost effective remedial solutions which increase safety
and performance across a variety of foundations and subfloor types. This practical approach is ideal
and has served to refine the details shown in this report through the emphasis on functional and
feasible solutions.

Corradi, M and Tedeschi, C and Binda, L and Borri, A. Experimental Evaluation of Shear
and Compression Strength of Masonry Wall Before and After Reinforcement: Deep Repointing.
In Construction and Building Materials, Elsevier Science Ltd., United States of America,
2008, vol 22, pp 463-472.
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This article documents a study conducted into a new technique to retrofit masonry walls, which
increases its shear strength and stiffness. Firstly and introduction into masonry wall construction
and seismic damage is outlined, with the basic reinforcement techniques including injection of gout,
injections and jacketing with reinforced cement and partial reconstruction of walls." The new
technique to be tested is then outlined, involving deep repointing to replace mortar to a depth of 70-
80mm, then confining the wall externally." The study concludes that this method produces a
“significant increase of the shear strength and especially of the shear stiffness...compared to the
virgin masonry.”"" Shear stiffness was noted to increase by up to 300%, thus this technique has
strong potential for use in seismic retrofit of dwelling foundations, where masonry walls need to be
strengthened to withstand a seismic event.

Deam, B and King, A. The Seismic Behaviour of Timber Structures: State of the Art. In Pacific
Timber Engineering Conference, Timber Research and Development Advisory Council,
Australia, 1994, vol 1, pp 215-221.

This conference paper reviews timber framed structures, why they survive earthquakes so well and
how this can be harnessed for design. Timber is ideal due to its lighter mass which reduces lateral
forces, and due to its ability to deform during an earthquake. Timber is tested in terms of its yield
and ductile capacity, and the results indicate that slackness, which is often present in timber
elements, “reduces seismic forces by increasing the natural period of the structure.”™ A computer
program has been developed which can be used to determine the seismic mass able to be restrained
by the test specimen.”” Although this conference paper does not cover seismic retrofit, it does
advocate use of timber construction in seismic design, which could influence the choice and method
of seismic detailing for dwelling subfloor and foundations.

Dutta, Anindya and Mander, John B and Kokorina, Tatiana. Retrofit for Control and
Repairability of Damage. In Earthquake Spectra, Earthquake Engineering Research, United
States of America, 1999, vol 15, no 4, pp 657-679.

This article addresses the issue that collapse or severe damage to bridges has ensued in California
and Japan after recent earthquakes. Retrofit techniques are “one time fixes”* and thus this article
explores the results of a research program investigating “the performance of reinforced concrete
bridge columns where the main objective is to control damage and ensure fast rehabilitation with
minimum disruption to the traffic flow.”*** The article reports on strategies to ensure post

" Corradi, M and Tedeschi, C and Binda, L and Borri, A. Experimental Evaluation of Shear and Compression Strength
of Masonry Wall Before and After Reinforcement: Deep Repointing. In Construction and Building Materials, Elsevier
Science Ltd., United States of America, 2008, vol 22, p 463.

" Corradi, M and Tedeschi, C and Binda, L and Borri, A. Experimental Evaluation of Shear and Compression Strength
of Masonry Wall Before and After Reinforcement: Deep Repointing. In Construction and Building Materials, Elsevier
Science Ltd., United States of America, 2008, vol 22, p 465.

" Corradi, M and Tedeschi, C and Binda, L and Borri, A. Experimental Evaluation of Shear and Compression
Strength of Masonry Wall Before and After Reinforcement: Deep Repointing. In Construction and Building Materials,
Elsevier Science Ltd., United States of America, 2008, vol 22, p 471.

* Deam, B and King, A. The Seismic Behaviour of Timber Structures: State of the Art. In Pacific Timber Engineering
Conference, Timber Research and Development Advisory Council, Australia, 1994, vol 1, p 220.

¥ Deam, B and King, A. The Seismic Behaviour of Timber Structures: State of the Art. In Pacific Timber Engineering
Conference, Timber Research and Development Advisory Council, Australia, 1994, vol 1, p 220.

?2 Dutta, Anindya and Mander, John B and Kokorina, Tatiana. Retrofit for Control and Repairability of Damage. In
Earthquake Spectra, Earthquake Engineering Research, United States of America, 1999, vol 15, no 4, p 657.

%2 Dutta, Anindya and Mander, John B and Kokorina, Tatiana. Retrofit for Control and Repairability of Damage. In
Earthquake Spectra, Earthquake Engineering Research, United States of America, 1999, vol 15, no 4, p 657.
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earthquake serviceability (see Figures 145 and 146), and columns with retrofitted lap splices (see
Figure 147).

BRIDGE DECK

L L[

e

‘% PREC J\ST OR CAST

IN SITU CAP BEAM

CAST-IN-PLACE _, / PRECAST ~~

RESTRESSED
PLASTIC H]N.JE .‘L._;LUHNS

\
COUFLERS

FUSE BARS
ag%ﬁ- PRECAST OR CAST @5@5@:@%

IN SITU FOUNDATION

\
Figure 145
Control and Repairability of Damage: Design Detail for New Structure
Source: Dutta, Anindya and Mander, John B and Kokorina, Tatiana. Retrofit for Control and Repairability of Damage.
In Earthquake Spectra, Earthquake Engineering Research, United States of America, 1999, vol 15, no 4, p 660.
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BRIDGE DECK
["L
L ’L_L i‘ A‘L,/( SHEAR CRITICAL JDINT ZONES
RECTANGULAR T—3— LAPPEU SPLICE HINGES
CAP BEAM TR\
{
FUSE] BARS
cmck_: . SHEAR CRITICAL COLUMNS

SHORT LAPPED SPLICE
WITH INTERNAL CONFINEMENT

COUPLER 3
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RECTANGULAR, T
FOUNDATION -]

e et
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DETAIL AFTER RETROFIT

Figure 146
Retrofit Control and Repairability of Damage: Design Detail for Existing Structure
Source: Dutta, Anindya and Mander, John B and Kokorina, Tatiana. Retrofit for Control and Repairability of Damage.
In Earthquake Spectra, Earthquake Engineering Research, United States of America, 1999, vol 15, no 4, p 660.
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Construction Details of the Retrofitted Lap Splice Specimen
Source: Dutta, Anindya and Mander, John B and Kokorina, Tatiana. Retrofit for Control and Repairability of Damage.
In Earthquake Spectra, Earthquake Engineering Research, United States of America, 1999, vol 15, no 4, p 660.

Analysis of the fatigue life follows under differing loading conditions. Although this resource does
not address dwelling foundation retrofitting, it does demonstrate the importance of connections and
the ability of retrofitting to extend use of the structure through the event of an earthquake; two
aspects which fall closely in line with this report and cement the importance of retrofitting.

El Maaddawy, Tamer and Soudki, Khaled. Strengthening of Reinforced Concrete Slabs with
Mechanically-Anchored Unbonded FRP System. In Construction and Building Materials,
Elsevier Science Ltd., United States of America, 2008, vol 22, pp 444-455.
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This article examines the use of a mechanically-unbonded fibre reinforced polymer system to
increase flexural strength of reinforced concrete slabs. This is often necessary due to inadequate
maintenance, excessive loading, change in use or exposure to adverse environmental conditions. ™
The test specimen was a “1800mm long, 500mm wide... 100mm deep [slab]...singly reinforced at
tension side by three No. 10 deformed steel bars with a concrete clear cover of 20mm.”** The
anchor used consisted of “a steel plate, 100 x 130 x 10mm, having four holes, each of 15mm
diameter...placed below the CFRP strip and held in place using four M12 bolts.”® The
deformation characteristics, failure modes and tests results are discussed in depth. The report
concludes that this system “increased the yield and the ultimate loads by about 38% and 46%
respectively.”®*® It also improved the slab deflection, strength and stiffness. This relates to this
report as it develops retrofit techniques to enhance concrete slabs, which may prove beneficial in
the upgrading of dwelling foundations here in New Zealand.

Herbert, P D and King, A B. Racking Resistance of Bracing Walls in Low-rise Buildings
Subject to Earthquake Attack. BRANZ Study Report, Building Research Association of New
Zealand, Judgeford, 1998, no. 78, vol. 1.

This study report examines the racking resistance testing of wall bracing elements, both how it is
assessed here in New Zealand and internationally. Following this a three-phase experiment was
conducted, testirrlf? bracing panels under “various loading protocols, including monotric and reverse
cyclic loading.”™ The result of this investigation is the “quantification of the mass that the test
panel can dependabla/ restrain.” %% The investigation concludes that current bracing ratings are
“non-conservative”™" and need to be reduced.

Holcroft, Guy. An Investigation of 62 Coastal Subfloors for Fastener Corrosion. BRANZ
Study Report, Building Research Association of New Zealand, Judgeford, 1996, no. 72.

This study report examines a sample of houses looking at the corrosion of their subfloor fasteners;
the houses were located on William Street, Petone and The Parade, Paekakariki, chosen for their
close proximity to the sea. The report strongly emphasises the importance of keeping salt out of the
subfloor area whilst not compromising ventilation. Concrete perimeter walls with vents, or slats
with 20mm or less gaps are both adequate solutions. Humidity is also a contributing factor, with
surrounding vegetation increasing humidity and corrosive effects, thus again ventilation is very
important. No correlation could be established between distance from house to the ocean and the

bbb E| Maaddawy, Tamer and Soudki, Khaled. Strengthening of Reinforced Concrete Slabs with Mechanically-
Anchored Unbonded FRP System. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 2008, vol 22, p 444.

“ El Maaddawy, Tamer and Soudki, Khaled. Strengthening of Reinforced Concrete Slabs with Mechanically-
Anchored Unbonded FRP System. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 2008, vol 22, p 445.

%99 E| Maaddawy, Tamer and Soudki, Khaled. Strengthening of Reinforced Concrete Slabs with Mechanically-
Anchored Unbonded FRP System. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 2008, vol 22, p 446.

*¢ El Maaddawy, Tamer and Soudki, Khaled. Strengthening of Reinforced Concrete Slabs with Mechanically-
Anchored Unbonded FRP System. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 2008, vol 22, p 454.

frt Herbert, P D and King, A B. Racking Resistance of Bracing Walls in Low-rise Buildings Subject to Earthquake
Attack. BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 1998, no. 78, vol. 1, piii.
9% Herbert, P D and King, A B. Racking Resistance of Bracing Walls in Low-rise Buildings Subject to Earthquake
Attack. BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 1998, no. 78, vol. 1, piii.
"hh Herbert, P D and King, A B. Racking Resistance of Bracing Walls in Low-rise Buildings Subject to Earthquake
Attack. BRANZ Study Report, Building Research Association of New Zealand, Judgeford, 1998, no. 78, vol. 1, p 21.
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extent of the corrosion on subfloor elements.

This study report serves to reinforce the importance

of connections and their quality and maintenance in the subfloor area, a notion which has come to
be of paramount consideration in this report.

International Code Council. International Building Code. International Code Council, Inc.,
United States of America, 2006.

This reference is divided into thirty five chapters covering from use and occupancy classification to
interior finishes, fire protection systems, wood, steel and masonry. Each section gives detailed
descriptions of the topic and building element at hand, information on associated construction and
its processes and member tables where applicable. Construction details are not given; rather codes
of practice are outlined.

International Organisation for Standardisation. Light Timber Frame Construction —
Comparison of Four National Design Documents. ISO/IEC, Sydney, 2008.

This technical report compares four national design documents on light frame timber construction.
These include the Australian AS1684 Residential Timber-Framed Construction, Canadian
Engineering Guide for Wood Frame Construction 2004, New Zealand’s NZS3604 Timber Framed
Buildings 1999 and American Wood Frame Construction Manual 2001. These standards are

compared across loads and load factors, lateral load systems design, connection design, and member

design including roofs, walls and floors. The section on floors is the most relevant to this report,
however although comparisons are carefully documented (see Figure 148) no seismic retrofit details
or practices are touched on in this or in any other section.

Provision

3D. Member Design:

3D.1 Floor Members
(Joists, Components)

3D.2 Floor Framing
Details

Canadian Engineering
Guide for Wood Frame
Construction

EN = Engineered

PR = Prescriptive

Floors

Floor member designed for
gravity loads, and in the
case of diaphragm design
for lateral loads;
Serviceability criteria
include deflection and
vibration performance;
bearing provisions,
Strength design includes
system factors

Joists supported by walls,
lintels or beams, with
minimum 38 mm bearing
length: bottems of joists
restrained from twisting by
nailing, strapping,
blocking, bridging or
hangers;

Prescriptive Code limits on
notching and boring of
framing, or design required

US Wood Frame
Construction Manual

EN = Engineered
PR = Prescriptive

Floor member designed
for gravity loads, and in
the case of diaphragm
design for lateral loads;
Serviceability criteria
includes deflection
bearing design

Joists bear on beams,
girders, ledgers or walls,
or are supported by
hangers; End restraint
provided at joist ends to
resist about 33 N-m
twisting moment; Lateral
stakility rules provided;
Motching and boring
provisions

Australian Residential
Timber-Frame
Construction

CA= Cyclonic Areas
NC= Non-Cyclonic

Floor member designed as
bending member under
gravity loads; for
permanent and transient,
and point loading: single
span, continuous, or
cantilevered spans;
Serviceability includes
deflection and dynamic
behaviour criteria;
Bearing provisions;
Design includes load
distribution and strength
sharing factors

Joists bear on beams,
walls, or bearers (headears)
that support loads from
wall as well as the floor,
Minimum 30 mm bearing
per joist;

Lateral stability
prescriptive rules;

Cuts, holes and notches
restricted in size and
location

Figure 148
Table Comparing Member Design: Floor Members

New Zealand Standard
Timber Framed
Buildings

Floor members pre-
engineered for given
spans and |oads

Joists bear on supports,
with minimum bearing of
32 mm;

Lateral stability provisions;
Tolerances given for:
-deviation of 5 mm per
10m length in plan, or
10mm max deviation
-horizontal deviation of
Smm per 10 m length, max
deviation = 10 mm;
prescriptive rules given for
notches and holes

References

CAN: 6.1
us: 2.3.1.1
AUST: DC4.1
NZ: 7.1

CAN: 6.3.2 11
Us:2.31.2, 2313,
2.3.1.4, 2315 2.3.1.11
AUST: NC/CA4.1-4.2
NZ: Tab21,7.1

 Holcroft, Guy. An Investigation of 62 Coastal Subfloors for Fastener Corrosion. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 1996, no. 72, p 9.
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Source: International Organisation for Standardisation. Light Timber Frame Construction — Comparison of Four
National Design Documents. ISO/IEC, Sydney, 2008, p 36.

Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading.
Thesis, Victoria University of Wellington, Wellington, 2007.

This thesis is a detailed study of foundation and subfloor bracing in New Zealand conditions.
Beginning with an extensive analysis of geological and geographical conditions as seen in New
Zealand, the thesis explores soil behaviour and movement in earthquakes. Following this a reading
of New Zealand earthquakes in history was conducted, examining the rise of official recognition
that construction detailing “should be appropriate to withstand induced seismic forces.” The
thesis follows this by outlining six foundation types, including an internally piled foundation, a full
piled foundation, a partial foundation wall, a full foundation wall, a full foundation wall/internal
piles and a slab on ground; of which these six types identified have been integrated into the
structure of this report, ensuring details identified are relevant to New Zealand conditions and New
Zealand foundation types.

Typical subfloor issues are identified, including configuration issues where asymmetry and
discontinuity within design were seen to “crush and bend significantly”*** in areas of discontinuity
(see Figure 149).

T

L-Shaped T-Shaped U-Shaped

Figure 149
Design layouts involving discontinuity
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 75.

Anchors is a subsequent issue, where heavy elements such as “concrete porches, steps, pathways or
chimney bases”" can provide lateral resistance if well integrated into the design, or cause damage if
not satisfactorily fixed. Vertical eccentricities too cause discontinuities when transferring inertial
forces from the superstructure to the ground. This causes damage at the points of discontinuity.

A sample of 100 houses for study was then identified and methodology explained in detail. Bracing
deficiencies are explored and a striking number of dwellings fall short of the standard due to lack of
bracing (see Figures 150, 151 and 152).

i Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 44.

ki Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 75.

i Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 77.
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Figure 150
Range of Inadequate Bracing distribution Excluding all Anchors
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 111.

require >12kN per pile
line
14%

under bracing
requirements
39%

require <12kN per pile
line

achieved bracing 25%
requirements

Figure 151
Left: Percentage of Adequate and Inadequate Foundations Excluding all Non-Designed Bracing, Right: Percentage of
Dwellings requiring Bracing under and over 12kN
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 114.
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Figure 152
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Range of Inadequate Bracing Distribution Excluding all Non-Designed Bracing
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 114.

This closely relates to the scope of this report where adequate detailing is emphasised as a
preventative measure to minimise damage; where so many dwellings fall short of adequate the need
is clear for satisfactory retrofit solutions to ensure safety and minimisation of domestic damage post
earthquake. This is further reinforced in the section of this thesis examining the overall condition of
foundations in the sample, where it is established that “40% of dwellings are structurally
deficient.”™™ Configuration issues too are very prevalent (see Figure 153) and timber
deterioration a persistent issue (see Figure 154 and 155).

ENG W Spiit level
B Differing foundations
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Figure 153
Configuration Issues for Each Foundation type in the sample
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 136.

™M Jrvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 134.
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no timber issues
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Figure 154
Damage Observed in Subfloor Timbers
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 138.
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Figure 155
Sub-Floor Timbers with signs of higher Moisture Content and Degradation
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 138.

This raises issues of the importance of proper maintenance and the need for acceptable retrofit
details to ensure the safety of these dwellings and reduce their damage post-earthquake.
Connections are of paramount consideration with degradation occurring over time and their
maintenance a necessary task (see Figure 156). This relates to moisture and ventilation issues

which will exacerbate corrosion, and the older samples have significant ventilation issues (see
Figure 157).
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Figure 156
Fixing Degradation per Age of Dwelling
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 139.
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Figure 157
Number of Dwellings per Age of Dwelling requiring a Percentage of Ventilation increase
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 140.
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An extensive investigation of the costs and benefits of remedial action was conducted in this thesis,
where pre-earthquake maintenance and retrofitting of details to reduce dwelling damage in

earthquake is recommended. This would ensure “more dwellings will remain habitable through the
upgrade of foundations, which could save around 13 000 evacuations and limit the total number of

deaths and injuries (see Figure 158) from severe shaking and falling objects.
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i
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Figure 158

Number of Casualties and Deaths Before and After applying Remedial Measures for a Night time Earthquake Scenario
Source: Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 140.

The thesis explores social responsibility, emphasising that “it is only in a proactive society, ranging
from authorities to communities, that we will mitigate the unnecessary damage of dwellings, caused

by weak and inadequate foundations.

nnn

13000

Irvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria

University of Wellington, Wellington, 2007, p 222.

% Jrvine, James. Foundation and Subfloor Bracing Analysis: The Cost Benefit of Upgrading. Thesis, Victoria
University of Wellington, Wellington, 2007, p 235.
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Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair
Material. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 2008, vol 22, pp 1043-1050.

This article outlines the testing of a reactive powder mortar with a flow value of 200% and a
compressive strength of 75MPa, subjected to a series of slant shear, rebar pull out and tensile
strength tests. The article begins by introducing problems associated with epoxy resins, such as a
mismatch in strength and stiffness between the epoxy resin and concrete, the expensive cost and
thermal ageing in high heat and humidity.” The reactive powder mortar is composed of “type Il
Portland Cement, quartz sand, quartz powder, silica fume, super-plasticizer and water.”%
Differing mix proportions were tested and the mixing process documented.

The mix was then tested in slant shear tests, rebar pull out tests and tensile strength tests (see
Figures 159, 160 and 161).

Figure 159
Cylindrical Specimens for Slant Shear Tests: (a) without and (b) with a diagonal Reactive Powder Mortar bonding layer

PPP Lju, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, p 1043.
999 Lju, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, p 1044.
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Source: Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, p 1046.

Figure 160
A Precast Hollow-core Concrete Cylinder Specimen for Rebar Pull Out Tests
Source: Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, p 1046.

Figure 161
Cylinder Specimens with Four Notches of Same Width But Different Depths for Tesnile Strength Tests
Source: Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, p 1047.

The study concludes that this mortar has a slant shear strength comparable to epoxy resin, provides
a higher rebar pull out force and a higher tensile strength."  This mortar is relevant to this report as
it has the possibility to be used in the seismic retrofit of dwelling foundation and is proven to be an
adequate repair material for concrete structures.

Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with
FRP Composite Laminates. In Construction and Building Materials, Elsevier Science Ltd.,
United States of America, 2003, vol 17, pp 43-54.

™ Liu, Chin-Tsung, and Huang, Jong-Shin. Highly Flowable Reactive Powder Mortar as a Repair Material. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 2008, vol 22, pp 1049-1050.
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This article outlines an experiment to repair unreinforced and reinforced concrete slabs with fibre
reinforced polymer composite strips. The test procedure is outlined, covering the testing of 10 full
scale unreinforced and reinforced concrete slabs fitted with carbon epoxy and E-glass/epoxy
composites®™ (see Figure 162). Details of the slab are given (see Figure 163).

BEPMITMONT of
CVIL & BIVRONMENTAL
ENGINEERING
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water bag
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Figure 162
Details of Experimental Setup
Source: Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
45,

5 Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
44,
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Figure 163
Details of Two-Way Reinforced Concrete Slabs (also same geometry for unreinforced)
Source: Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
46.

The test results are thoroughly analysed and the findings presented. The experiment concludes that
the fibre reinforced polymer systems succeed in “upgrading the structural capacity of both two-way
unreinforced and reinforced concrete slabs.”™ This retrofit repair restores the original capacity of
the damaged slabs, and further, increases the strength of the slabs “to an average increase of more
then 540% the original capacity of the as-built slabs.”"™" It is also noted that when failure did occur,
it was preceded by large deflections which gives prior warning before imminent failure. This study
presents a retrofit repair technique for concrete slabs which may prove relevant and useful in the
seismic retrofitting of slab on grade foundations, a foundation type which is acknowledges as one
difficult to repair. Thus, this article is very relevant to this report and sheds new light on
developments in the construction industry.

™ Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
53.

4 Mosallam, Ayman S and Mosalam, Khalid M. Strengthening of Two-Way Concrete Slabs with FRP Composite
Laminates. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2003, vol 17, p
53.
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Pampanin, Stefano. Role of Residual Displacements in Performance-Based Seismic Assessment,
Design and Retrofit of Reinforced Concrete Buildings and Bridge Structures; Assessment and
Mitigation Strategies. University of Canterbury, Christchurch, 2006.

This resource outlines a project undertaken to develop a “rational performance-based design
procedure for design assessment and retrofit able to account for and reduce the impact of damage
resulting from residual deformation.”"" Three main tasks were involved in this: assessment of
residual deformation in existing and newly designed structures; development of mitigation
strategies for cast-in-situ concrete; and development and refinement of a new technological solution
to reduce this residual deformation. This third task examines high performance seismic resisting
precast concrete frame systems and similar applications in bridge piers. The new technological
solution involves controlled rocking systems as a fuse, effectively a selective weakening as a
retrofit strategy. By saw cutting the “longitudinal bottom reinforcement of a gravity load
dominated beam or of a shear dominated wall”""" the selective weakening was most effective.
This technique is devised for large scale reinforced concrete structures and thus is perhaps not
applicable in the retrofitting of dwelling subfloors and foundations here in New Zealand.

Priestley, MJIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry
Structures. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 1995, vol 9, iss 6, pp 365-377.

This article reports on experiments conducted to retrofit concrete and masonry structures with
jackets of composite fibres bonded with a polymer matrix to enhance shear strength, flexural
ductility or lap splice performance.

Deficiencies of concrete structures in recent California earthquakes are first discussed including
inadequate flexural strength, flexural ductility and shear strength. The experiment scope is then
outlined. For columns “active confinement is achieved by placing a specified thickness of the
composite jacket material over the region of the column to be confined, and pressure grouting the
gap between the column and the jacket with either epoxy or cement grout™* (see Figures 164 and
165). This is a method suitable for retrofit pre-earthquake or repair post-earthquake.

W Pampanin, Stefano. Role of Residual Displacements in Performance-Based Seismic Assessment, Design and
Retrofit of Reinforced Concrete Buildings and Bridge Structures; Assessment and Mitigation Strategies. University of
Canterbury, Christchurch, 2006, p 5.

" pampanin, Stefano. Role of Residual Displacements in Performance-Based Seismic Assessment, Design and
Retrofit of Reinforced Concrete Buildings and Bridge Structures; Assessment and Mitigation Strategies. University of
Canterbury, Christchurch, 2006.

** Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 365.
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Figure 164
Circular Column Retrofitted with Fibreglass/Epoxy Composite Jackets

Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 367.
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Figure 165
Rectangular Column Retrofitted with Fibreglass/Epoxy Composite Jackets
Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 367.

The results of testing indicate “very satisfactory performance of the retrofitted columns™ (see
Figure 166).

™ Priestley, MJIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 368.

Page 159 of 332



Retrofitting House Foundations to Resist Earthquakes

Drift Ratio AfL (%)

-6 -5 -4 -3 -2 -1 7] 1 - 3 4 5 &6 )
. T TR T S - LS M i P A W M Pt R ) 356

- 4
60 u=jls52 3

Oy

3
= LTS I

L 134

4 Om
t U

-

=

<

) W
Iy
L

Lateral Force (kips)
[~}
Lateral Force (kN)

-304

—‘O_

-60

-.?a_

L S T R B R R B
Deflection (inj

e by by =
3 e 30

= L

is6

a) “As-Built” Column

Drift Ratio AfL

Load (kips)

rral
Lateral Load (kN)

Late

T AR PR LA i L T e A T i56
10-9-0=7-G-5-d=4=2=1 0 | 2 3 4 5 6 7 48 910
Deflection (in)

b) Retrofitted Column (Fiberglass/Epoxy Jacket) - .
Figure 166
Lateral Force Displacement Response

Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 368.

The columns are also studied in terms of shear, as the shear strength of many buildings and bridges
has proved to be inadequate in the event of an earthquake. The test is outlines (see Figures 167 and
168) and the results presented, concluding that the retrofitted column “developed extremely stable

hysteresis loops...[and] good ductile response with lateral strength exceeding that corresponding to
ideal flexural capacity.”**

?22 Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 371.
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Figure 167
Test Setup for Shear-Dominated Columns
Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 371.
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Figure 168
Shear-Dominated Columns Retrofitted with Fibreglass/Epoxy Jackets
Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 372.

Masonry walls are also examined, using this technique for repair (see Figures 169 and 170).
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Figure 169
View of Full Scale Five Storey Carbon Overlay Repair Test
Source: Priestley, MIN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 375.

Page 163 of 332



Retrofitting House Foundations to Resist Earthquakes

Lood Beam |l=— 24'—0"(7.3m) | Hydraulic _A__ Control
with -4 p-4 13'—4" Actuators DOFs
Elastomeric —
padS%[1J (4m) =
i ¥ —
1 [ g e 1L _i 8,10
(7.8
11 & =
32 g
il on |
ol & -
| ™ ASD
ele | | 3.4
n| N e
Carban m—
Fiber o=
Composile A i o)
Overlays =t '
T
4
%HllHHIHIIJ'r{II]l s
Elevation
\ﬁRe{erence
! Frome —,
|
.’I | C |
; ontro
Ll = 2 DOFs
w| E 1 1
.c'! o — E : =| — 1,3,5,7,9
~Nlw . = -
S i
L q‘: I 1] | 2,4,6.8,10
— - S
Plan =z
Figure 170

Repaired Five Storey Masonry Research Building
Source: Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 375.

This showed that a single layer of the carbon fabric overlay applied to each side of the structural
walls “contributed significantly to doubling the inelastic deformation capacity.”®* Shear
deformations were halved following repair. This study demonstrates that composite material
jackets are extremely effective in both retrofit and repair situations as well as being economically
competitive. This is a technique relevant to this report as it may prove useful at a smaller scale in
dwelling retrofit, where piles are damaged or foundation walls would be inadequate in their
performance in a seismic event.

Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair
of Timber Structures. In Construction and Building Materials, Elsevier Science Ltd., United
States of America, 2002, vol 16, pp 417-425.

%% Priestley, MJN and Seible, F. Design of Seismic Retrofit Measures for Concrete and Masonry Structures. In
Construction and Building Materials, Elsevier Science Ltd., United States of America, 1995, vol 9, iss 6, p 375.
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This article examines a study conducted aiming to improve damaged railroad bridge span timbers
by inserting pultroded composites.”™™ Fibreglass pultroded rods are inserted from the bottom to the
top of the beam in areas of damage. Adhesive is used to bond the reinforcing rods to the timber and
also to fill adjacent cracking in the beam.

Drawbacks of prior repair strategies are analysed in the article, including “replacement of timbers,
epoxy repair approaches, the addition of reinforcing plates to the sides of exposed timbers, and the
addition of a fibreglass wrap (bandage) around damage locations.”““ Unfortunately, each of these
methods had drawbacks, such as the fibreglass wrap can only be applied to exposed timbers and the
structural performance of plates degrades over time.

The proposed repair strategy uses a high performance, low cost material which can be readily
bonded to wood (see Figure 171). The testing method is outlined and described in detail and the
results discussed (see Figure 172).

Figure 171
Proposed Shear Spike Repair Concept
Source: Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber
Structures. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p
419.

bbbb Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber
Structures. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p
417.

¢“® Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber
Structures. In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p

418.
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Failure performance test results

Sample  Modulus

Category Strength  Strain
(GPa) (MPa) (%)
2 X 4 Baseline beam B5 10.2 50.84 0.57%
B6 10.4 74,08 0.98%
B7 8.92 63.55 0.97%
2% 2 Nails (only) 2 5.34 43.19 1.22%
3 3.97 46.79 1.98%
5 2.80 33.71 1.51%
2% 2 Fiberglass rods F6 6.57 3327 1.13%
F4 8.01 45.22 1.39%
F3 5.70 43.19 1.22%
2X2 Fiberglass shear plates P7 8.70 55.46 0.71%
P8 10.7 63.70 0.65%
Pl6 10.2 67.98 0.829%
2 X2 Epoxy-bonded 9 8.12 44 46 0.59%
10 7.15 52.01 0.74%
Figure 172

Failure Performance Test Results

Source: Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber

Structures.

422.

In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p

The results of this experiment indicate that the fibreglass insertions recapture “both stiffness and
strength of the undamaged material. Enhanced repair performance is directly related to the number
and position of the shear reinforcing rods.”® The addition of the epoxy adhesive further increases
the success and performance of the repair, and improves stiffness and strength in areas of damage.
The combination of fibreglass insertions and epoxy is substantially more effective than either

method applied alone.

Although this is a method designed for very deep beams, it has potential for application in seismic
retrofitting of dwelling subfloors where beams or joists have been damaged but cannot be removed
and replaced. On a smaller scale this method represents a retrofit repair able to reinstate the original
strength and stiffness of the member.

Saiid Saiidi, M and Sanders, David and Acharya, Suresh. Seismic Retrofit of Spread Footings
Supporting Bridge Columns with Short Dowels. In Construction and Building Materials,

Elsevier Science Ltd., United States of America, 2001, vol 15, iss 4.

d00d Radford, DW and Van Goetham, D and Gutkowski, RM and Peterson, ML. Composite Repair of Timber

Structures.
425.

In Construction and Building Materials, Elsevier Science Ltd., United States of America, 2002, vol 16, p
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This article reports on a study developing and testing a seismic retrofit method for bridge spread
footings. This retrofit included “the enlargement of plan view and dimensions and the thickness,
addition of top steel and placement of dowels to connect the existing and new concrete. The
column to footing connection was retrofitted with a steel jacket connected to the footing by
bolts.”®**® The testing program is outlined and the response of the retrofitted column discussed (see
Figure 173).

Comparison of the as-built and retrofitted footing response under

Figure 173
Comparison of Footings
Source: Saiid Saiidi, M and Sanders, David and Acharya, Suresh. Seismic Retrofit of Spread Footings Supporting
Bridge Columns with Short Dowels. In Construction and Building Materials, Elsevier Science Ltd., United States of
America, 2001, vol 15, iss 4.

This retrofitted detail was successful in reducing damage in the footing. The footing strength and
deformation capacity increased and the damage was minimised. Although this study documents the
retrofit of a bridge foundation, some of the techniques applied may prove useful in the retrofit of
dwelling foundations in New Zealand.

Sadakata, K and Wang, H and Hokosawa, S. Wooden Frame Structure Constructed by New
Type Connector. In Pacific Timber Engineering Conference, Timber Research and
Development Advisory Council, Australia, 1994, vol 2, pp 785-794.

This conference paper describes a new joint, named TEMBIN-KAMA Joint, and its use in portal
frame structures. This portal frame test is a single storey portal frame, on span length is 500cm,

*%%¢ Saiid Saiidi, M and Sanders, David and Acharya, Suresh. Seismic Retrofit of Spread Footings Supporting Bridge
Columns with Short Dowels. In Construction and Building Materials, Elsevier Science Ltd., United States of America,
2001, vol 15, iss 4.
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storey height is 340cm. The column base is fixed to a concrete foundation through a base plate.™
This detail (see Figure 174) was developed from a traditional Japanese jointing method, and a
comparison is conducted between this jointing method and conventional web-type and flange-type
connecting styles.
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hard-wood wed

.;'-""-_;’

f;%’i Washer
(130X 130X | 5mm)
mserL in to slit

i
RN
Connection s
—— Beam —=~——— " Column

Tool, TKJ ySwith tug- bolt t=15mm

with wood-wedg
——-——a’i' —+ a’*ﬁ*ﬁ**
WOOD(beam) = connector | connector §00D(column)

~part [ -Part I1
(Web Plate) (End Plate)

Specimen member size

1( Beam - 140X290(mm)

JIColumn : 140X 400(mm)

Figure 174
Mechanical Conception of New Connector (left) and Detail of New Connector (right)
Source: Sadakata, K and Wang, H and Hokosawa, S. Wooden Frame Structure Constructed by New Type Connector.
In Pacific Timber Engineering Conference, Timber Research and Development Advisory Council, Australia, 1994, vol
2,p787.

The results of the testing show that this new connector can “provide all the ductility factor, ...
moment resistance rigidity, ... and rigid connected factor... which are equal to or higher than the
previous values obtained [by the conventional connectors].”%% This conference paper reinforces
the notion of exploration in detailing and development of new solutions, which is closely in line
with seismic retrofitting of dwelling subfloors and foundations.

Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction,
Builderburg Partnership, Washington, DC, 1991, pp 42-45.

This article begins by introducing the need to strengthen existing wood framed dwellings in the
California area. Recent earthquakes heightened this need by highlighting the poor condition of the
dwellings, particularly in the foundations. The author notes that in some cases, “it is just a matter of
time before the whole house is sitting on the ground.”"™™

i Sadakata, K and Wang, H and Hokosawa, S. Wooden Frame Structure Constructed by New Type Connector. In

Pacific Timber Engineering Conference, Timber Research and Development Advisory Council, Australia, 1994, vol 2,

p 785.

9% Sadakata, K and Wang, H and Hokosawa, S. Wooden Frame Structure Constructed by New Type Connector. In

Pacific Timber Engineering Conference, Timber Research and Development Advisory Council, Australia, 1994, vol 2,
794.

Ehhh Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg Partnership,

Washington, DC, 1991, pp 42-43.
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Foundations are first evaluated by drilling a test whole in the concrete, block, brick or stone to test
if the material is strong enough to support a bolt. Connections are then examined, followed by
damage to wooden members. If a cripple wall is present it must have panel sheathing for bracing
and adequate connections. Selection of connectors for retrofit is important. A firm masonry
foundation that has good accessibility but poor anchors may be retrofitted by drilling holes through
the plates into the foundation, inserting lengths of steel rod, epoxied into place (see Figure 175).
Epoxy is ideal as expansion bolts may crack the older, more brittle concrete.

-

framing anchor

_— Right-angle

Figure 175
Where there is good access, the least expensive retrofit involves threaded rod anchors epoxied into place, plywood shear
panelling, and framing anchors between the top of the cripple wall and the floor framing
Source: Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg
Partnership, Washington, DC, 1991, p 43.
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Once the anchors and bolts are in place, structural sheathing can be installed around the cripple wall
and at the sides of any access doors or vent openings, in accordance with guidelines provided by the
city of Santa Barbara."" The length of each panel should also be at least twice its height. Three-
inch holes are then drilled into the plywood at the top and bottom of each bay for ventilation. These
are covered with hardware cloth. A Simpson H1s or H5s is then installed to secure the cripple wall
to every second joist.

In limited access retrofits, where 2x12 joists are used there will be enough space to use a Hilti TE15
right angle hammer drill. A Simpson RFB retrofit bolt or epoxied threaded rod anchor can then be
installed. Where the joists are smaller, a Simpson FAG or FA8 can be used, an “L-shaped 12-gauge
steel connector that rests on top of the plate and laps over the side of the stem wall.”""

When the foundation is not strong enough to hold bolts, a new concrete stem wall will be poured
(see Figure 176). Four rebar dowels are drilled and places in the old stem wall at 4’ centres. New
cripple walls can then be installed around the perimeter and bolted to the foundation. Metal
brackets connect the floor joists to the cripple walls.

— New 2x bloc Kirng

New cripple wall

La— /2 plywoed

#4 vertica

Figure 176
Pouring a New Stem Wall
Source: Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg

Partnership, Washington, DC, 1991, p 44.

W Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg Partnership,
Washington, DC, 1991, p 44.
W' Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg Partnership,
Washington, DC, 1991, p 44.
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When a dwelling is supported on posts and piers, anchors are rarely present and posts attached to
the above girders with only nails. Here, a possible retrofit measure is to install new pier footings
between existing posts and replace any posts located under girder splices (see Figure 177).
Simpson H-series clips are used to tie the floor joists to the girders.

cxisting girder
sting girder . Plywood gusset

New post - =
P T o Frecast concrete

_ pier with embedded
straps to attach

to post

2x2'x1 deep

P L -
concrete footing _

Figure 177
Reinforced Post Footing
Source: Scoggins, John. Seismic Support for Old Foundations. In Journal of Light Construction, Builderburg
Partnership, Washington, DC, 1991, p 45.

This article presents a clear and concise retrofit measure as applied in the California area. The
connectors used and the process is thoroughly detailed and may prove useful in New Zealand
masonry wall foundations and jack stud foundations.

Shelton, R. Masonry Veneer Wall Ties. In Pacific Timber Engineering Conference, Timber
Research and Development Advisory Council, Australia, 1994, vol 1, pp 298-307.

This conference paper presents a test method for masonry veneer ties to assess their compliance
with the building code in terms of their seismic performance. The purpose of a veneer tie is
outlined, including preventing transfer of external moisture; allowing in-plane differential
movement between veneer and frame; avoiding cracking of the veneer; restraining the veneer from
being dislodged under seismic action; and being economical to produce and efficient to install. <
The test method setup is outlined and the veneer tie is subjected to axial tension and compression
loading, shear loading and in-plane loading through a series of cyclic displacements. A detailed
outline of each of these measures is documented as well as how to determine the properties of

Kk Shelton, R. Masonry Veneer Wall Ties. In Pacific Timber Engineering Conference, Timber Research and
Development Advisory Council, Australia, 1994, vol 1, p 299.
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individual specimens. Although this conference paper does not cover seismic retrofit, it does
reinforce the importance of connections, durability and fitness for purpose which aligns closely with
seismic retrofit for dwelling subfloors and foundations.

Shih, J and Ju, S and Rowlands, RE. Stress Analysis of Bolted Wood Connections. In Pacific
Timber Engineering Conference, Timber Research and Development Advisory Council,
Australia, 1994, vol 2, pp 676-679.

This conference paper explores the stresses in a single-bolted connector of Douglas fir. Bolted
connectors are common in timber construction but also a common site of structural failure. The
properties of Douglas fir are outlined, and followed by a description of two techniques to determine
stresses in a bolted connection: Moire Analysis and Finite Element Analysis. The results of the
study illustrate that stresses in the region of contact between the bolt and the wood are affected by
friction, which is influenced by relative geometry. A computer based calculation can be used to
assess the stresses for individual situations. This sturdy is relevant to this report as it is important to
understand the forces experienced in bolted joints as these are common in a retrofit situation where
nail plates are inadequate.

Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research
Report. Thesis, Victoria University of Wellington, Wellington, 1979.

This thesis covers an extensive study of earthquakes in New Zealand, beginning with a history of
earthquakes, early New Zealand earthquakes and major New Zealand earthquakes. This is then
developed into several sections related to construction, including Conference on ‘The Use of Timber
in Building Construction’; Early 20" Century Earthquakes; The First New Zealand Standard; New
Zealand Standard 1900; and then a section A Code for the Future. In this section an analysis of the
San Fernando Valley, USA, earthquake of 1971 and the damage incurred was conducted. The
damage was due to insufficiency of walls with enough rigidity to resist horizontal forces, improper
or insufficient connection of studs to sill plates, rotation in the plane of the wall, uplift of the entire
wall, outward movement of the wall and use of short or cripple studs (called jack studs in New
Zealand)."" These types of damage can, too, be expected to occur in New Zealand earthquakes.
Braces are then examined, with the most probable failure being a lack of braces, although fixing of
braces tends to be a point of failure and the angle often too steep resulting in failure (see Figure 178
and 179).

" Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, pp 69-70.
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Figure 178
Failure of Diagonal Bracing in Tension
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 71.

Figure 179
Failure of Diagonal Bracing Through Pullout — result of inadequate fixing
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 71.

Many of the houses damaged in the 1971 San Fernando earthquake are similar in construction to
New Zealand houses.™™™" Thus, similarities in damage will occur (see Figures 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192 and 193). This reiterates the need for retrofit details to
increase seismic performance in houses here in New Zealand.

MMM Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 73.
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Figure 180
Split Level House in Wellington
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 73.

Figure 181
Split Level House in San Fernando: The top storey of this house collapsed to the ground. The double garage door
below provided inadequate bracing to the front wall
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 73.
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Figure 182
Split Level House in Wellington
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 74.

Figure 183
Split Level House in San Fernando: Double garage doors below cause failure
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 74.
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Figure 184
Split Level House in San Fernando: Double garage doors below cause failure
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 74.

Figure 185
Split Level House in Wellington
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 75.
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Figure 186
Split Level House in San Fernando
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 75.

Figure 187
Split Level House in Wellington
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 75.
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" e

Figure 188
Detail of Damage to the Front Wall of a Double Garage
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 76.

Figure 189
Damage to Split level House in San Fernando
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 76.

Page 178 of 332



Retrofitting House Foundations to Resist Earthquakes

Figure
Damage to Split level House in San Fernando
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 76.
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Figure 191
Jackstud Failure: Problems occurring in Murchison in 1929 still occur in San Fernando in 1971
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 77.
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Jackstud Failure
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 77.
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Figure 193
Failure of Houses Under Construction: Linings provide most wall bracing, lack of lining indicates its importance for
bracing
Source: Slade, Graham P. Domestic Detailing for Earthquakes Past and Present Practice: A Research Report. Thesis,
Victoria University of Wellington, Wellington, 1979, p 77.
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Technical Committee B/204. BS8103: Structural Design of Low Rise Buildings. BSI, England,
1996, part 3: code of practice for timber floors and roofs for housing.

This resource is divided into three sections including code of practice, annexes and tables. Within
Code of Practice, areas such as flooring, spans, trussed rafter pitched roofs, flat roof decking and
transportation are covered. The tables and annexes provided each relate closely to the topic at hand.
Within the section on flooring, loading, materials and fixing recommendations, spans, sizes and
spacings are covered, with appropriate tables for member selection. Some typical assembly details
are given however these do not relate closely to this report, and as foundations and subfloors are not
covered in this standard it becomes a useful resource for design of flooring and roofs but less
relevant in terms of seismic retrofit detailing of the dwelling subfloor.

The American Wood Council. National Design Specification for Wood Construction
ASD/LRFD. American Forest and Paper Association, Inc., United States of America, 2005.

This reference is divided into sixteen chapters covering design provisions and equations, a range of
timber products, a range of connection types, shear walls and diaphragms and fire design of wood
members. This is supplemented with span tables, spacing requirement tables, bolt selection tables
and reference design values tables for various timber members. The resource is useful in terms of
design but less relevant to this report examining details for seismic retrofit.

The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes.
Association for Science Documents and Information, Tokyo, 1980, vol 1.

This document is divided into two parts, part one giving data for assessing seismic zone and the
engineering design considerations for seismic design, part two covering non-engineered
construction. This section examines structural performance of buildings under earthquakes; factors
affecting damage; typical damage and failure; earthquake resistant design and construction of
buildings; and repair, restoration and strengthening of buildings. Each sub section is then divided
into chapters of building areas or elements, such as bearing walls, non-bearing walls, wall
connections, frame elements, roofs and floors. Following this buildings in clay mud or adobe are
also examined and the structural properties of materials, including structural timber, steel and plain
and reinforced concrete. There is a table provided in part two which is relevant to this report
detailing categories of damage and their post earthquake actions (see Figure 194). By
understanding the consequences of an earthquake, retrofitting and seismic detailing may be better
planned and implemented.
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Damage Category Extgnt of Damage Suggested Post-Earth-
in General quake Actions
0 No damage No damage No action required
I |Slight Thin cracks in plaster, Building need not be va-
Non-Structural falling of plaster bits,| cated. Only architectural
Damage in limited parts. repairs needed.

II |slight Small cracks in walls, Building need not be va-
Structural falling of plaster in cated. Architectural re- |
Damage large bits over large pairs required to achieve

areas; damage to non- durability.
structural parts like

chimneys, projecting

corniecss, etc.:

The load carrying capa-

city of the structure

is not reduced apprecia

bly. -

III|Moderate | Large and deep cracks in| Building needs to be vaca;
|Structural walls; widespread crack- | ted, to be reoccupied af-
Damage | ing of walls, columns, ter restoration and

piers and tilting or strengthening.
falling of chimneys. Structural restoration
i | The load carrying capa- | and seismic strengthening
city of structure is par are necessary after which
tially reduced. architectural treatment
may be carried out.

IV |Severe Gaps occur in walls; Building has to be vaca-
Structural inner or outer walls co- | ted. Either the building

| Damage llapse; failure of ties | has to be demolished or
to separate parts of bu- | extensive restoration and
ildings. Approximately strengthening work has to
50 percent of the main be carried out before
! structural elements fail. reoccupation.
The building takes a da-
ngerous state.
v |Collapse A large part or whole | Clearing the site and
, of the building collap- ‘ reconstruction.
‘ ses. |
x 1
Figure 194

Categories of Damage
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 13.

Strengthening of existing buildings is covered, where the main items related to seismic
strengthening are noted as “modification of roofs, substitution or strengthening of floors, planar
modifications and strengthening of walls, strengthening of foundations.”™" Repair materials are
then covered, including shot-crete to achieve added capability in walls and other elements; epoxy
resins for injection into small cracks; epoxy mortar; gypsum cement mortar; quick setting cement
mortar; and mechanical anchors to provide shear and tension resistance. *®

""" The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 58.

9% The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, pp 59-60.
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Techniques to restore original strength are then explored. Small cracks can be repaired with
pressure injection of epoxy (see Figure 195). This may be of use in a retrofit where foundation
walls are damaged or ill-prepared for seismic activity.
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Figure 195
Strengthening of Existing Masonry Wall by Grouting
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 61.

Large cracks can be mitigated with a cover of mortar for protection and reinforcement, or with steel
mesh nailed or bolted to the wall.P"*

PPPP The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 62.
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Stiffening of existing wooden slabs to increase their seismic performance can be achieved by
nailing new planks to the original (see Figure 196) or by placing a new concrete slab (see Figure
197). Connection to the wall must also be considered (see Figure 198).

EXISTING SLAB- -
é I

NEW STIFFENING PLANKj//
|
2 ./ f
//

WOODEN BEAM

Figure 196
Stiffening of Wooden Floor by Wooden Planks
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 68.
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Figure 197
Stiffening of Wooden Floor by Reinforced Concrete Slab and Connection to Wall
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 68.
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Figure 198
Connection of Floor to Wall
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 69.

Where foundation walls may have poor connections, two steel meshes can be placed on either side
of the wall and thick cement mortar applied over top to improve the connection of these walls (see
Figure 199).
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Figure 199
Vertical Reinforced Concrete Covering Plates

Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 74.

Prestressing may also be useful to increase shear strength of walls, carried out by placing two steel
rods on the two sides of the wall and stretching them by turnbuckles (see Figure 200).

Page 187 of 332



Retrofitting House Foundations to Resist Earthquakes
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Figure 200
Strengthening of Walls by Prestressing
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 75.

Foundation walls may also be strengthened with reinforced concrete strips (see Figures 201 and
202).
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Figure 201
Strengthening of Existing Foundation
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 81.
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Figure 202
Strengthening of Existing Foundation: Strip on Outside Only
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 82.

Where foundation piles are inadequate and need to be strengthened, jacketing may be used,
providing an additional cage of lateral and longitudinal tie reinforcement (see Figures 203 and 204).
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Figure 203
Jacketing a Concrete Column
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 79.
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Figure 204

Increasing the Section and Reinforcement of Existing Beams
Source: The International Association for Earthquake Engineering. Basic Concepts of Seismic Codes. Association for
Science Documents and Information, Tokyo, 1980, vol 1, p 79.

This resource provides a range of possible strengthening techniques for various subfloor and
foundation elements, thus it is very relevant to this report.

Thurston, S J. Design Strength of Various House Pile Foundation Systems. BRANZ Study
Report, Building Research Association of New Zealand, Judgeford, 1993, no. 46.
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This study report examines design loads for pile foundations, braced pile design loads and tests
common New Zealand pile systems in terms of earthquake and wind loading performance. The test
method is documented including testing shallow cantilevered piles bolted to bearers, shallow
cantilevered piles fastened to bearers with Type L connectors, shallow cantilevered piles fastened to
bearers with Type T connectors, braced piles — brace from pile to pile, and braced piles — brace
from pile to bearer. The study report concludes that “an elastic system does not obtain a significant
reduction in earthquake load by the increase in building period from its ability to sustain large
deflections.” %% Further, noting that “providing details to ensure a greater building ductility is a
more efficient process.”™" This report cements the notion that connections and their nature are of
paramount consideration in retrofitting of subfloor and foundation details. Thus, this report further
emphasises the importance of ideal connections and their role in seismic performance.

Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes:
the Cost-Benefit of Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of
Wellington, Wellington, 2007.

This report explores retrofitting of foundations and subfloor in a systematic, methodical and
thorough manner, exploring the factors contributing to the need for retrofitting to the costs and
benefits of such measures. It is noted that on average in New Zealand “we experience a large
earthquake (one that exceeds Magnitude 7) every 10 years”** thus New Zealand is particularly
prone to earthquake damage, and yet many dwellings within New Zealand would suffer
significantly should the event of an earthquake occur. The report by Thomas and Irvine outlines the
six foundation types as used to structure this report, and then a methodology of a survey of
Wellington dwellings is outlined. This examines “existing bracing potential, the connections and
fittings between all framing members, the general condition and an overall comparison between the
current standard NZS3604:1999 and the built foundation.”™ The results of this survey are then
analysed and possible remedial measures outlined. The report then extends further, developing
anticipated maximum and minimum repair costs and tables to apply these (see Figures 205 and
206).

9999 Thurston, S J. Design Strength of Various House Pile Foundation Systems. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 1993, no. 46, p 17.

™ Thurston, S J. Design Strength of Various House Pile Foundation Systems. BRANZ Study Report, Building
Research Association of New Zealand, Judgeford, 1993, no. 46, p 17.

%% Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit of
Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 11.

" Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit of
Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 23.
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— TOTAL = —
TOTAL R 5 TOTAL TOTAL Assets =
: Assets at risk ; : : I'otal = ¢iice
No. of damiioe No. at risk of Cost of I'otal Saving
Foundation Dwellings s Dwellings damage and ;i from the
- and Collapse = 2 . Remedial HER ;
type affected fidises affected Collapse after wilion application of
hefore Remedy $M after Remedy $M $M remedies $M
remedy remedy
|
Internal Piled 4209 $226 [ 3172 $80 $26.8 $146
Full Piled 16161 $892 13009 5368 %$78.6 $524
Partial Wall 5285 $208 4266 $92 $26.5 $116
Full Wall 12149 $336 11079 $248 $105.1 $88
Full Wall/Intern. | 5036 $140 4204 $86 $11.0 $54
SLAB 6944 $251 6494 $225 $0.0 $26
ENG 1894 $73 1698 $61 $0.0 $12
TOTALS 51678 $2,125 43922 $1,159 $248 $966
Figure 205

Statistics Before and After Application of Remedial Measures
Source: Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit
of Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 38.

Light Maximum Maximum Collaoge Overall
Foundation s : Moderate Extensive - Average cost/
damage cost / cost / Y
type " damage cost | damage cost benefit
henefit 3 5 benefit A
/ benefit / benefit ratio
Internal Piled -8.93 0.91 0.11 0.05 (.29
Full Piled -7.84 1.44 0.19 0.04 0.44
Partial Wall -7.99 0.80 0.10 0.04 0.26
Full Wall -17.00 2.24 0.59 0.00 0.78
Full Wall/Intern. | -3.06 0.24 0.08 0.00 0.09
SLAB 0.00 0.00 0.00 0.00 0.00
ENG 0.00 0.00 0.00 0.00 0.00
Figure 206

Maximum and Minimum Cost/Benefit VValues for all ranges of Damage
Source: Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit
of Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 38.

The report concludes that “the very low cost/benefit ratio suggests that it is economically justifiable
to remedy foundation defects in dwellings.”"" Further, these remedial repairs have the potential to
“save almost $1Billion in post earthquake repairs and mitigate the unknown costs of temporary
shelter and aid requirements for the home owner and communities.”"""¥ This cements the
importance of retrofitting and ensures the benefits are clearly communicated.

Thurston, S J. Torsional Response of House Subfloor Systems. BRANZ Study Report,
Building Research Association of New Zealand, Judgeford, 2001, no. 105.

This study report examines the notion that the layout of bracing piles in a house piled foundation as
stipulated by NZS3604:1999 may still result in asymmetrical layouts which can lead to a strong

4 Thomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit of
Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 38.
“WThomas, G C and Irvine, J D. The Adequacy of House Foundations for Resisting Earthquakes: the Cost-Benefit of
Upgrading; EQC Non-Biennial Project 6UNI/530. Victoria University of Wellington, Wellington, 2007, p 43.
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eccentricity, whilst still being acceptable under NZS3604:1999. The report outlines the testing
procedure, including differing pile layouts across rectangular houses and L-shaped houses. The
report concludes with a recommendation that the “minimum bracing rating required [by Section
5.4.2.3(a) of NZS3604:1999] be doubled.”"™™" Further, it stipulates connection details, such as
recommending “where joints land on stringers, that continuous blocking be used between the joists
over the stringers and the flooring be nailed to this edge at 150mm centres™* to transmit bracing
ratings from floor to wall. Again the connection forms an integral part of the seismic performance
of the building, reinforcing the notion that adequate performance is derived from the nature and
quality of its connections.

Timber Framing Committee. NZS3604:1999 Timber Framed Buildings. Standards New
Zealand, Wellington, 1999.

This standard covers timber framed buildings across many aspects, aiming to provide a verification
method for construction and a resource for timber building in New Zealand. The standard is
divided into twenty sections, covering areas of a dwelling such as floors, walls, posts and roof
framing, and providing additional sections on particular loading scenarios and soil types. The
resource is supplemented with tables to define sizes and spans of members in timber construction.
Most relevant to this report is Section 6: Foundation and Subfloor Framing. Within this section
notes and details on the construction of many aspects of the dwelling foundation and subfloor are
covered, including ordinary piles, driven timber piles, cantilever piles and braced pile systems.
Unfortunately many of the details provided are not suitable for retrofitting due to their construction
and lack of accessibility to implement in a retrofit. However, details of braced pile systems may
prove useful in retrofitting to minimise damage post earthquake (see Figures 207, 208, 209).

" Thurston, S J. Torsional Response of House Subfloor Systems. BRANZ Study Report, Building Research
Association of New Zealand, Judgeford, 2001, no. 105, p 20.

*** Thurston, S J. Torsional Response of House Subfloor Systems. BRANZ Study Report, Building Research
Association of New Zealand, Judgeford, 2001, no. 105, p 20.
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Figure 207
Braced Pile System — Brace Connected to Pile
Source: Timber Framing Committee. NZS3604:1999 Timber Framed Buildings. Standards New Zealand, Wellington,
1999, Section 6, p 18.
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Figure 208
Braced Pile System — Brace Connected to Bearer
Source: Timber Framing Committee. NZS3604:1999 Timber Framed Buildings. Standards New Zealand, Wellington,
1999, Section 6, p 19.
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Figure 209
Braced Pile System — Brace Connected to Joist
Source: Timber Framing Committee. NZS3604:1999 Timber Framed Buildings. Standards New Zealand, Wellington,
1999, Section 6, p 20.

Todd, Diana and Carina, Nicholas and Chung, Riley M and Lew, H S and Andrew, Taylor W
and Walton, William D and Cooper, James D and Nimis, Roland. 1994 Northridge
Earthquake: Performance of Structures, Lifelines and Fire Protection Systems. NIST Special
Publication, National Institute of Standards and Technology, United States of America, 1994,
no 862.

This book examines seismic performance of buildings and bridges, lifeline systems and post
earthquake fires. Within the section on buildings, single and multi-family residences are considered
as well as commercial and institutional buildings. This book documents the damage sustained to
these structures post earthquake, however, offers little practical and applicable advice for
retrofitting to better performance. Suggestions for improving practice are provided across the
buildings, bridges and lifeline systems sections. Recommendations are given for improving
building, bridge and lifeline performance however, again no details or construction notes are
provided, rather general principles.

Yong, Chen and Tsoi, Kam-ling and Feibi, Chen and Zhenhuan, Gao and Qijia, Zou and
Zhangli, Chen (Eds.). The Great Tangshan Earthquake f 1976: An Anatomy of Disaster.
Pergamon Press, Oxford, 1988.
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This book is divided into four chapters examining differing aspects of the Tangshan earthquake.
These are: Damage of the Tangshan Earthquake which looks at earthquake intensity and damage to
buildings, lifeline engineering and geological and surface features; Administration of Emergency
Measures which looks at natural disaster relief efforts, emergency measures implemented,
restoration of community life and social problems caused by the quake; The Tangshan Earthquake:
Seismological Features which examines foreshocks and aftershocks and the tectonic setting of
Tangshan; and Earthquake Prediction in China which looks at earthquake prediction efforts at
Tangshan and future prospects of earthquake prediction. Although this resource yields little
information on foundation retrofitting, it does cement the need for this process of retrofitting
through its depiction of the destruction of way of life and paralysis which resulted post earthquake.
Lifelines were damaged, water and electricity cut off and disease rampant. This can be mitigated,
to a degree, through retrofitting as outlined in this report.

Yttrup, PJ and Juniper, PM. Small Diameter Timber Piles as Used in Australia. In
Proceedings of the Second Pacific Timber Engineering Conference, Centre for Continuing
Education, University of Auckland, Auckland, 1989, vol 3, pp 41-44.

This conference paper examines small diameter timber piles as being used in Australia in footing
systems in areas of soft or filled ground or expansive soils. The study conducts 31 pile load tests
and the bearing capacity is analysed. Pile behaviour was also studied in a residential brick veneer
house in Belmont, Victoria where these piles were found to be “economical and successful under
very extreme conditions.””” The use of small diameter timber piles driven to correct depths
perform adequately in expansive soils. Although this study does not relate to the retrofit of
foundations, it does reinforce ideal construction practices and catering of construction solutions to
site conditions, two principles in line with seismic retrofit of dwelling foundations in New Zealand.

MY Yttrup, PJ and Juniper, PM. Small Diameter Timber Piles as Used in Australia. In Proceedings of the Second
Pacific Timber Engineering Conference, Centre for Continuing Education, University of Auckland, Auckland, 1989,
vol 3, p 43.
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Electronic Texts:

http://ares.tu.chika-u.jp
Muraoka, Nanae and Yamazaki, Fumio. Evaluation of the Effects of Seismic Retrofit for
Reinforced Concrete School Buildings using Microtremor Observation.

This article examines seismic strengthening of retrofitted buildings by two methods: microtremor
observation and a numerical analysis. The two buildings examined were strengthened by external
braces and by adding a frame, respectively. The article begins by observing the brittle nature of
many buildings in Japan and the need to retrofit. The buildings to be tested are then described and
the testing methods detailed. This involves a series of equations, and the use of a GEODAS for
microtremor observation. The study concludes that both methods are useful to confirm the effect of
structural strengthening, however, microtremor observation is perhaps most useful as it can measure
the dynamic characteristics of a structure, including non-structural elements and taking into account
soil-structure interaction. Although this article does not provide retrofit details and considers
buildings on a larger scale than would be comparable to New Zealand dwellings, this article is
relevant as it emphasises the need to understand seismic behaviour of buildings and the effect of
seismic retrofit.

http://db.nzsee.org.nz/Paper02

Johnston, DM and Becker, JS and Saunders, W and Wright, K and Coomer, M and Leonard,
G and Paton, D. Surviving future disasters in New Zealand.

Presented as part of the NZSEE Conference, New Zealand, 2009.

This article explores opportunities to improve New Zealand’s capacity to respond to and move on
from future disasters. This ranges from land use planning to public education, social policy,
training and empowerment strategies. ““*

Strategies for surviving future disasters begin with improved policy and planning. This involves
improving links between planners and emergency managers, identifying buildings as rick from
earthquakes and assisting Councils to reduce risk. Building community resilience involves the
active involvement of formal and informal community networks in hazard education, developing
leadership and trust where communities are supported by institutions and developing participation
and empowerment where communities are directly involved in identifying risks and solutions.
Effective warning systems are essential, as is developing emergency management capacity and
improved disaster recovery. This article emphasises that strength lies in communities and this must
be harnessed for disaster resilience. This relates to this report through the encouraging of effective
strategies for surviving future disasters in New Zealand, the very purpose of seismic retrofit.

http://db.nzsee.org.nz/Paper08

Bradley, BA and Cubrinovski, M and Dhakal, RP and MacRae, GA. Probabilistic Seismic
Performance Assessment of a Bridge-Foundation-Soil System.

Presented as part of the NZSEE Conference, New Zealand, 2009.

#222 http://db.nzsee.org.nz/Paper02
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This paper examines the “probabilistic seismic performance assessment of an actual bridge-
foundation-soil system, the Fitzgerald Avenue twin bridges.”®*® Details of the structure of this
bridge are documented and its site conditions investigated. A computational model was then
created to subject to testing. The model is subjected to differing earthquake accelerations and the
foundation soil response and the bridge and pile response measured. The model is subjected to
twenty differing ground motions at nine different intensity levels to obtain probabilistic
relationships between engineering demand parameters and the peak ground acceleration. ™ This
method is useful to compute the demand hazard for the various engineering demand parameters.
Although not specifically relating to seismic retrofit of foundations and subfloor, this article
emphasises the understanding of the critical components of a structure influencing its seismic
performance and understanding of soil foundations, which is very relevant to this report.

http://db.nzsee.org.nz/Paper30

Mariott, DJ and Pampanin, S and Bull, D and Palermo, A. A probabilistic seismic loss
assessment of advanced post-tensioned precast bridge systems

Presented as part of the NZSEE Conference, New Zealand, 2009.

This paper examines the performance of three post-tensioned, reinforced concrete bridges and
compares and contrasts these to a monolithic bridge construction. A seismic loss assessment is
carried out for each bridge, providing a means to directly compare the performance of each bridge.
Each of the four bridges are described and their dimensions illustrated. The bridges are analysed in
terms of: ground motion hazard: the ground shaking intensity at a site; seismic response of a
structure; component damage: expressed as a damage measure including bar buckling ad concrete
spalling; and loss: monetary loss resulting from repair costs, casualties and time to reinstate the
function of the structure. Bridge pier configurations, section details, reinforcement, costing and
performance limit states are given (see Figure 210).

3% hitp://db.nzsee.org.nz/Paper08
bbb b ttp://db.nzsee.org.nz/Paper08
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Bridge Attributes
Source: http://db.nzsee.org.nz/Paper30
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The study concludes that all three post-tensioned bridges returned a lower loss than the monolithic
bridge system. A detailed life cycle analysis based on cost of construction, maintenance and repair,
the advanced hybrid bridge systems are the most successful. Although this article does not relate to
seismic retrofit of dwellings specifically, the consideration of emerging technologies is emphasised,
as well as quality of construction, which is very relevant.

http://db.nzsee.org.nz/Paper36

Brabhaharan, P and Kirkcaldie DK, and Gregg, G. Earthquake strengthening and ground
improvement of the Cobham Bridge, Wanganui.

Presented as part of the NZSEE Conference, New Zealand, 2009.

The State Highway 3 Cobham Bridge provides access across the Wanganui River, designed in 1959
by the Ministry of Works and constructed in 1962. The structure and dimensions of this bridge are
carefully outlines in this article, and the peak ground accelerations determined. The ground
conditions were examined and three boreholes, eight static cone penetration tests and lab
classification tests were carried out to provide valuable data and information for retrofit design.
The structure was assessed, probable member strengths derived and pile bearing and pull out
capacity investigated. Two dimensional computer models were used to investigate “the
longitudinal behaviour of the bridge as a whole...the longitudinal response of the abutments, the
transverse response of a typical pier, a central pier and the abutments.”“““ Ground improvement
measures employed for seismic strengthening included stone columns and wick drains, and
replacement of ground with compacted gravel between the abutment and the first pier.%* The
wick drains facilitate dissipation of the pore pressures in the ground and provide drainage. The
central two piers were strengthened for shear by through bolting the pier walls with bolts anchored
against steel straps at either wall face.**** Linkage bolts were also installed to “upgrade the linkage
of the superstructure to the abutment, and abutment back walls [were] strengthened with steel RSC
sections fixed to their back faces, cantilevering from abutment sill beams, with the linkage bolts
anchoring directly to the RSC sections.”™"

Although this retrofit does not specifically relate to dwellings, it does explore retrofit measures for
New Zealand soil conditions and emphasises connectivity in structures, both of which are very
relevant in the seismic retrofit of dwelling subfloors and foundations.

http://db.nzsee.org.nz/Paper39

Loo, WY and Quenneville, P and Chouw, N. Seismic behaviour of timber shear walls with
load limiting slip-friction connectors.

Presented as part of the NZSEE Conference, New Zealand, 2009.

¢ http://db.nzsee.org.nz/Paper36
40090 hytn://db.nzsee.org.nz/Paper36
¢¢%¢¢ http://db.nzsee.org.nz/Paper36
i http://db.nzsee.org.nz/Paper36

Page 202 of 332



Retrofitting House Foundations to Resist Earthquakes

This article examines a new kind of connector that has been developed for shear walls, one that
relies on the mobilisation of friction across steel plates to resist loading up to a predetermined
threshold. %999 Should this threshold be exceeded, sliding between the plates allows the shear walls
to displace in an inelastic manner with minimal yielding of timber or nails. This is expected to
dramatically decrease post-earthquake damage.

A shear wall is first described and its construction outlined. The load limiting slip-friction
connector testing is then documented, testing standard and Midply connectors (a connector is
illustrated in Figure 211). The connectors and shear walls were first numerically modelled, then
two-storey versions of the shear walls were tested. The study concludes that the slip-friction
connectors have the ability to “afford protection against high material stresses developing in the
wood structure itself, ... efficiently dissipate seismic energy, and... re-centre under moderate
vertical loading.”™™ Slip-friction connectors allow the yield strength of the wall to be predicted to
a far more accurate degree. This study is relevant to this report in that new possibilities are being
developed for connectors to decrease seismic risk, and these emerging technologies must be
considered in seismic retrofit.

i vall e .|I | .:.-_-|.7| r/,‘;
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Foundation ambedmant plate

Figure 211
Slip-Friction Connector
Source: http://db.nzsee.org.nz/Paper39

http://db.nzsee.org.nz/Paper43

Arefi, MJ and Pampanin, S and Cubrinovski, M. Effects of SSI on the seismic response of
older structures before and after retrofit.

Presented as part of the NZSEE Conference, New Zealand, 2009.

This article examines the behaviour of structures considering the soil-structure interaction. A set of
ten historical ground motion records were selected for testing and the test method is outlined and
documented. Computational modelling and calculations are use to test structures’ response. The

99999 http://db.nzsee.org.nz/Paper39
hhhh b ttp://db.nzsee.org.nz/Paper39
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discussion examines the influence of foundation flexibility, ground motions intensity and super-
structural strength level. The study concludes that although some trends were observed, the
characteristics of the particular earthquake will influence the results and what response may occur
in the structure. In most cases, any flexibility in the foundation soil triggers soil-structure
interaction effects. Although this article does not explore seismic retrofit of dwellings, it does
emphasise consideration of ground conditions, and foundation and soil interaction, which are both
very important in the retrofitting of dwelling subfloors and foundations in New Zealand.

http://db.nzsee.org.nz/Paper46

Haskell, JJM and Cubrinovski, M and Bradley, BA. Sensitivity analysis of simplified
methods for the design of piles in laterally spreading soils.

Presented as part of the NZSEE Conference, New Zealand, 2009.

This article examines use of the pile, typically used to support a structure where soil quality is poor,
transmitting vertical loads to stringer, deeper soils. However, lateral loads may also impose upon
pile foundations. This causes widespread damage in earthquakes. Simple methods for pile design
have thus been developed. This article emphasises the notion that, instead, the interaction between
pile and soil in complex and dynamic, cannot be simplified in this way. This study explores the
“effects of variation of the model parameters on the predicted pile response [as] explored via a

deterministic sensitivity analysis.”™" The testing method is outlined and results clearly displayed
and supplemented with commentary.

The study concludes that the use of simplified deterministic methods is straightforward, yet
parameters is considered.”” Thus, the effect of parametric variations of the pole response must be
explored and will result in a more reliable assessment of pile performance. Although this article
does not examine seismic retrofit specifically, it does emphasise quality and care of pile
construction. This is very relevant to the New Zealand built environment as so many New Zealand
dwellings reside on piled foundations.

http://db.nzsee.org.nz/Paper60

Xu, X and Lo, SH and Tsand, HH and Sheikh, MN. Earthquake Protection by Tire-Soil
Mixtures: Numerical Study.

Presented as part of the NZSEE Conference, New Zealand, 2009.

This article documents and explores a new method of utilising scrap tires, otherwise accumulating
in disposal stations worldwide, for earthquake protection. This method involves mixing scrap tires
with sediments of soil and using this around structures to absorb vibration and provide cushioning.
Many of the world’s earthquake deaths occur in developing countries, where the low cost of reusing
tires could provide benefit where other earthquake technologies render themselves inappropriate
due to cost and inaccessibility.

The proposed scheme is shown in Figure 212 where the footing of the building is surrounded by a
layer of the tire and soil mixture. As energy dissipation is the primary mechanism attributing to

W http://db.nzsee.org.nz/Paper46

Page 204 of 332



Retrofitting House Foundations to Resist Earthquakes

reducing seismic shaking, and rubber is known for its potential to absorb energy, its use in damping
is quite appropriate. The soil and tire mixture demonstrates an increase in shear strength over
standard soils and a significant energy dissipating capacity.
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Figure 212
Seismic Isolation by Layer of Tire/Soil Mixture
Source: http://db.nzsee.org.nz/Paper60

To demonstrate the feasibility of the scheme, numerical analyses were conducted (see Figure 213).
The model was subjected to three earthquake ground excitations, representing the forces generated
in the 1994 Northridge, California earthquake, the 1985 Valparaiso, Chile earthquake and the 1999
Duzce, Turkey earthquake. A fourth force, found by multiplying the California earthquake by two
was also used in the testing. The method and results are then discussed in depth. It is noted that
using an addition of 10% tire chips or less will not result in an occurrence of liquefaction, and
randomly mixing tire chips can reinforce sand, resulting in an increased shear strength. It is also
noted that the compressibility of tire chips decreases upon application of load; preloading can thus
be employed to mitigate settlement. Studies have also concluded that recycled scrap tire is not a
hazardous recycled material.
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Figure 213
Simplified Model for Element Analysis
Source: http://db.nzsee.org.nz/Paper60

Although this article does not explore seismic detailing, it does investigate a seismic retrofit
measure which is inventive and economically viable. Aspects of this method may be relevant to the
retrofit of the New Zealand built environment to resist earthquakes.

http://earthquakesafety.com/retrofitting
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This website gives information on seismic retrofitting including what is involved and the reasons
for retrofitting. The process used to retrofit is outlined in detail, across cripple wall bracing,
foundation bolting and foundation hold down brackets. Typical bracing of a cripple wall is detailed
(see Figure 214) showing also how the subfloor appears before (see Figure 215) and after the
retrofit (see Figure 215) which involved plywood bracing panels and improved connections from
the foundations, through the walls, and into the overhead framing of the floor.

5/8" Structural Grade
5-1 Plywood Panel

H10 Connectors

Double
Studding

Holdowns
Double
$tudding“8 Heoldowns
Zine Plated t Blocking - Zinc Plated
Anchor Bolts = Anchor Bolts
Figure 214

Typical Bracing of Substructure Cripple Wall
Source: http://earthquakesafety.com/retrofitting

Figure 215
Top: Cripple Wall, Bottom: Retrofitted Cripple Wall
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Source: http://earthquakesafety.com/retrofitting

Some houses require additional hold down brackets to anchor the shear walls (see Figure 216),
usually installed at the ends of the shear walls. Installation is carried out with a long, deeply set
epoxy anchored bolt.

e

Figure 216
Foundation Hold Down Brackets
Source: http://earthquakesafety.com/retrofitting

Where there is no cripple wall present the anchorage may be improved through bolting angle iron
struts into the side of the concrete foundation wall (see Figure 217). These are also bolted to the
floor joists and resist both vertical and lateral loads.

Figure 217
Angle Iron Struts
Source: http://earthquakesafety.com/retrofitting

Foundation bolting improves the connection between the timber framing of the dwelling and the
concrete foundation (see Figure 218). Expansion foundation bolts are used where the concrete is in
good condition, epoxy set foundation bolts work better in older, weaker foundations or where
extreme movement is predicted. This resource is very relevant to this report as it outlines a

common process of retrofit measures which may prove applicable in the New Zealand built
environment.
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Figure 218
Foundation Bolting
Source: http://earthquakesafety.com/retrofitting

http://foundationexpert.org

This website details Micro Pile reinforcement systems and is a resource compiled by Collins
Consulting, Colorado, who specialise in aspects of mechanical and structural design.

A Micro Pile is a pile up to 300mm in diameter, drilled and grouted with centrically placed steel
reinforcing consisting of single or multiple bars (see Figure 219). They can be placed with small
drilling equipment under limited access or low head room conditions. The reinforcing is solid or
hollow bars with continuous outside threads (see Figure 220).

125mmirn - 300 125mmi - J00mM
|

STEEL REINFORCING BAR
OR HOLLOW BAR

GROUT

Figure 219
Typical micro pile sections, left with solid bar reinforcing, right with hollow bar reinforcing or casing
Source: http://foundationexpert.org
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Figure 220
From left: Threadbars, All-Thread Bars and hollow bars
Source: http://foundationexpert.org

Included in the category of Micro Pile are several other types of pile. The Gewi pile has a gewi bar
forming the concentric reinforcing element. The drill hole is filled with cement grout and post-
grout tubes are installed at the outer perimeter of the grout body (see Figures 221 and 222).
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Figure 221

Typical Gewi Pile with standard and double corrosion protected reinforcing bar
Source: http://foundationexpert.org
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Figure 222

Typical post-grouting system
Source: http://foundationexpert.org

The pin pile uses an outer pipe casing to stabilise the drill hole, filled with single or multiple bars
and grout; the casing is partially removed (see Figures 223 and 224).
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A&OR INSTALLATION DRILLING TO DRELBITA REMFORCEMEMT & TEMPORARY [CASIMNG MAY BE
OF TEMPORARY  DEPTH ROD(IF USED) GROUT (BY TREMIE) CASING, INJECT  LEFT IN PLACE
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UNDER COMPRESSIBLE

PRESSURE AS STRATUM)

A AFFLICABLE
Figure 223
Pin Pile installation sequence

Source: http://foundationexpert.org

Page 210 of 332



Retrofitting House Foundations to Resist Earthquakes

Figure 224
Single (left) and multiple bar (right) micro pile reinforcing
Source: http://foundationexpert.org

The Titan/IBO-Injection-bored micro pile uses hollow bars with inside solid bars which can also be
post tensioned (see Figure 225).
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TITAN/IEO MICRO PILE,
STANDARD

TITAN/IBO MICRO PILE
WITH INSIDE STRAND

TITAN/IBO MICRO PILE

WITH INSIDE BEAR
Figure 225

Typical Titan/IBO Details
Source: http://foundationexpert.org

This resource is relevant to this report as it details the new innovations in pile technology
innovations which may prove useful in the retrofit of New Zealand dwelling subfloors and
foundations.

http://housebolting.com
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This website is devoted to a series of foundation retrofit measures commonly carried out in the
United States. The information is provided by the California Earthquake Retrofitting Information
Center, a non-profit organisation set up by architects and civil engineers to explain the process of
retrofitting the home to meet California State Building and Engineering Codes. The first step is to
install plates bolting down the sill plate using a 2 x 3inch piece of steel (see Figure 226). The steel
anchor plates are specifically designed for this application (see Figure 227). The bolt is a concrete
expansion anchor bolt (see Figure 228) and are used around the perimeter (see Figure 229). This
resource simply and clearly explains the common retrofit measures in California.

Cripple
Studs

Mailing

Foundation

Large 5
Plate

Cripple Wall Retrofitting

Figure 226
Cripple Wall (Jack Stud) Retrofitting
Source: http://housebolting.com

Reinforcing wood studs in Cripple Wall

A-35 metol froming
anchors with six screws Page 213 of 332
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Figure 227
Retrofitting Steel Plates
Source: http://housebolting.com
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Figure 228
Concrete Expansion Anchor Bolt
Source: http://housebolting.com
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Concrete
Foundation

Metal Frdr‘mn:i]
Anchors @ 24" O.C.
Entire Perimeter

: Steel Anchor Plates
Expansion Anchors Where vertical bolting
4'-0"0.C. 2 story areas is impaired.

6'-0" 0.C. 1 story areas

Crawl Space View and Retrofitting Foundation

Figure 229
Placement of Concrete Expansion Anchor Bolt
Source: http://housebolting.com

http://kashmirdivision.nic.in/Disaster _Management

This resource is a section of a manual prepared for the restoration and retrofitting of rural structures
in Kashmir. Divided into eight steps, this retrofit process is carefully outlined for the typical, two
storey, brick or masonry Kashmir house.

Step one is the planning for retrofit, involving assessing the vulnerability of the structure,
developing a scheme coordinating retrofit measures and preparing necessary drawings. Step two is
the installation of a horizontal seismic belt. The belts may be placed on one or both faces of a wall,
and must be connected throughout the structure. Points of tie rods and their anchoring must be
determined and structural symmetry and continuity considered. Step three is the installation of
vertical reinforcing bars at wall junctions. A shear connector is used at the crossing of a vertical bar
and seismic belt. Weld wire mesh may be used in place of a reinforcing bar. Step four is the
installation of cast in situ reinforced concrete bond elements. Reinforced concrete shear connectors
will be installed for vertical reinforcement and opening encasement. Step five is the anchoring of
floor to walls, done at the bottom chord of trusses or significant floor beams. Step six is the
additional nailing of floor planks and adding in-plane bracing and struts, nailed to each joist they
cross as the underside of a wooden floor. Step seven is the installation of collar beam ties across the
top chords of the roof truss and significant rafters. Step eight is the installation of diagonal in-plane
bracing in the roof. Symmetry and connections should be considered.

This article gives insight into retrofit measures as conducted in Kashmir and relates to this report in
that bracing, structural symmetry and member connections are very important. These aspects too,
will be considered in New Zealand dwelling retrofit.
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http://ncdr.nat.gov.tw/2icdur
Hayashi, Y and Saratani, A and Morii, T. Seismic Risk Evaluation of Wood Houses
Considering Aged Deterioration and Long-Term Occurrence Probability of Earthquakes.

This article presents a method for predicting the probability of earthquake damage and loss of the
wooden houses in Japan, considering their age deterioration, maintenance status, seismic
performance and loc seismic risk. Two types of seismic risk evaluation are performed: damage
probability evaluation of these houses for the predetermined earthquake scenario, and seismic loss
evaluation of houses considering long term occurrence probabilities. The equations used in each of
these methods are documented and applied to two case study areas: Osaka and Kochi, Japan. The
study concludes that a dramatic reduction in seismic loss and damage could be achieved by a long
term approach which emphasizes housing with high seismic performance, and through retrofit of
houses as a short term measure. This article highlights the importance of preparing for earthquakes
and the loss which may result post earthquake. This is relevant to this report to cement the need for
seismic retrofit in New Zealand dwellings.

http://opus.bath.ac.nz/16170
Macabuag, J and Smith, A and Redman, T and Battacharya, S. Investigating the Use of
Polypropylene for Seismic Retrofitting of Masonry Buildings in Developing Countries.

This article examines the use of a polypropylene packaging strip mesh used to encase unreinforced
masonry walls in order to stiffen and prevent or delay the collapse of the wall. The article begins by
introducing the need for a retrofit measure for unreinforced masonry, then explains the test method
used. Retrofitted and non-retrofitted specimens were tested (see Figure 230) and the tests revealed
that all non-retrofitted walls failed in a brittle failure, with no further load being carried, whereas the
retrofitted walls “continued to carry load after initial failure” * (see Figure 231).

Kk http://opus.bath.ac.nz/16170
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a: Small-scale retrofitted b: Full-scale retrofitted c: Dut of plane testing
specimen for in-plane testing specimen after testing {Meguro 2005)
{Meguro 2005) iMacabuag 2008}

&: Horizontal bands: f: Vertical bands:
Confinuing fo maintain load Intact sections suggest litte Load redistributing through
after second band failure. redistribution of load. Total specimen (shown by continued
Further cracking suggests collapse observed after cracking) but itie support offered by
redistribution of load failure of the supporting band vertical bands. Mote loss of debris
{Macabuag 2008) {MMacabuag 2008) {Macabuag 2008)
Figure 230

Full and Small Scale Model Testing Failures
Source: http://opus.bath.ac.nz/16170
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Figure 231
Load vs. Displacement for Retrofitted and Non-Retrofitted Models
Source: http://opus.bath.ac.nz/16170
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Full scale shake table tests are also documented and indicate that this retrofit significantly enhances
seismic resistance, heavy structural damage resistance and safety of existing masonry buildings.""
This retrofit measure was taught to local, rural masons in a seismically active region of Nepal via a
six-day training course. This method of retrofit is economically viable, environmentally sustainable
and able to be implemented easily. This may prove relevant in both New Zealand dwellings and in
low income communities alike.

http://pci.org/view file
Iverson, James K and Banchik, Carlos and Brantley, Robert and Sage, John. Precast
Segmental Seismic Retrofit for the San Mateo-Hayward Bridge.

The San Mateo-Hayward Bridge in San Francisco Bay, California is a one mile long structure,
recently the recipient of a $102million retrofit construction package. The bridge is predominantly
concrete construction, with twenty of its rectangular piers being retrofitted (see Figure 232). The
construction of the bridge is carefully described in this article. A typical pier/deck section along
with the typical retrofit are shown in Figure 233.

RETROFIT REFERENCE NUMBERS

1 - Bearing reinforcement 5 - Steel plate reinforcement of steel columns
2 - Concrete encasement of spandrel and spandrels
3 - Concrete encasement of column 6 - Reinforcement of steel column bearings
4 - Concrete overlay and encasement frames 7 - Steel encasement of base of bell foundations
and steel piles at concrete footings and concrete stubs at Piers 19 and 20
Figure 232

Various Pier Types of Main Span Bridge
Source: http://pci.org/view file

" http://opus.bath.ac.nz/16170
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Figure 233

Plan and Elevation of Main Span Bridge
Source: http://pci.org/view_file
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In deeper waters, precast bell foundation sub-structure units were used, composed of precast
concrete elements. A precast flat plate template was placed on driven timber piles on the bay floor
and up to 120 steel H-piles were driven through the template leaving a twelve foot extension above
the template. A hollow precast bell-shaped section is then placed onto the template; two of these
would span under each pier connected by a precast strut (see Figure 234).

6'=0"
GROUT PRIOR TO LOWERING — o
FRAME IN SERVICE POSITION _\I !
NEW —PIN !
PRECAST \ HOLDER [=}

L NEOPRENE PAD
5-2" x 10°-0" |

FRAME

[XXTRRRLE |

i | []-REBAR CAGE

i =/ CISS OR

CIDH
s L ANCHOR PILE
l RODS

5
CONCRETE FILL

Figure 234
Typical Section Showing Precast Frame to Pile Connection
Source: http://pci.org/view _file

The longitudinal beams used in the retrofit were designed with inner polystyrene box sections
through the centre to decrease weight and reduce seismic response. All reinforcing bars were epoxy
coated and steel was hot dip galvanised. Submerged steel was sized with an increased thickness to
allow for corrosion.

The connection between the existing foundation and the precast frames was detailed with ‘grout
bags’ (see Figure 235). The frames were prepared in two halves and lifted into place using erection
barges commissioned for the project. Although this retrofit is beyond the scope of New Zealand
dwelling retrofit, it does emphasise inventive solutions and thorough considerations. The use of
precast concrete encasement frames to retrofit has been very successful and the use of precast and
pre-stressed concrete has been ideal.
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Figure 235

Plan Details for Grout Bag Load Points
Source: http://pci.org/view_file

http://seismicassociation.org

This website was created by the Seismic Retrofit Association, members of which are licensed
structural engineers with extensive experience in commercial seismic retrofit. The website gives a
definition of seismic retrofit, reasons for retrofitting and the process of a retrofit consultation. The
Seismic Retrofit Association specialise in the seismic retrofit of concrete tilt up buildings where
reinforcing is needed to stop the roof separating from the perimeter walls. Roof to wall anchors and
continuity ties are used, and some figures are given of connections (see Figures 236, 237, 238 and
239). Although this website gives only a brief overview it does emphasise the importance of
connections which relates very closely to this report and the retrofit of New Zealand dwellings.
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Figure 236
Source: http://seismicassociation.org

Figure 237
Source: http://seismicassociation.org

Figure 238
Source: http://seismicassociation.org
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Figure 239
Source: http://seismicassociation.org

http://www.abag.ca.govt/bayarea/eqmaps/fixit

This website has a slideshow with a section detailing the seismic retrofit of cripple wall (jack stud)
foundations. The website details recommendations for carrying out the work, which are detailed
below:

o “If using the existing girder as the cripple wall top plate is not feasible, and it is cut
flush with the end of the new cripple wall, a metal strap connecting the girder to the
top plate of the new cripple wall must be provided.

o This connection will be subject to both tension and compression forces

= Itis very important that the girder end be carefully cut so that it will tightly
fit against the new cripple wall or foundation.

o Also, to provide enough surface area to make this nailed splice connection and not
interfere with the row of nailing along the top edge of the plywood, the new cripple
wall top plate must be a minimum 4x4 member instead of using a typical double 2x4
top plate.

o One further consideration at this connection is that the vertical face of the girder and
the new top plate must align because the strap should not be kinked or bent.

o A misalignment of 3/4 inch or less can be accommodated by installing plywood of
the appropriate thickness on the face of the existing girder to make it flush with the
new top plate.

= Ifthis plywood shim is installed, the length of the 10d nails used in the strap
must be increased to provide a minimum of 1-1/2 inches of penetration into
the girder.
= Given the complexity of this connection, the use of the existing girder for the
top plate of the new cripple wall is the preferred method.
« Along the walls where the existing floor joists are parallel to the new foundation and cripple
wall, the same concept of a continuous member applies.

o The end joist must be a single piece that extends the full length of the new
foundation and continues at least to the next perpendicular girder line beyond the end
of the new foundation, where it may be spliced as shown in the Detail G.
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o Also along this wall, another strap must be provided to tie together the new double 2x top
plates of the cripple wall where they are interrupted by the existing girders framed over new
support posts.”™m MMM

Details of the strap for the joist splice and the strap for the plate splice are given (see Figures 240
and 241).

Strap for Joist Splice
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Figure 240
Strap for Joist Splice
Source: http://www.abag.ca.govt/bayarea/egmaps/fixit

mmmM http://www.abag.ca.govt/bayarea/eqmaps/fixit
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strap for Plate Splice
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Figure 241
Strap for Plate Splice
Source: http://www.abag.ca.govt/bayarea/egmaps/fixit

This resource gives a comprehensive analysis on the retrofitting of cripple walls, which may prove
relevant for use in jack stud foundations here in New Zealand dwellings.

http://www.bayarearetrofit.com

This website has been set up by Bay Area Retrofit, a company specialising in seismic retrofit in the
San Francisco Bay area. The website has several sections including how retrofit works, retrofit
design, hazard maps, damage statistics and the services Bay Area Retrofit provide. In the section
on Retrofit Design, information is given from the Uniform Code of Building Conservation (see
Appendix 3). This covers information on definitions of elements of dwellings, structural
weaknesses in elements and how to employ quality control. This resource was compiled by a team
of structural engineers specialising in seismic retrofit. Following this there is a section on seismic
bolting, the retrofit measure employed by Bay Area Retrofit (see Appendix 4). This is detailed in
steps from code requirements to types of bolt, oversized bolt holes and mudsill plates. This
information specifies the products used and the size of elements (if applicable). This process is
very similar to other foundation bolting processes employed by other companies in the California
area, as noted in this report. However, the specification of products and references to seismic codes
is relevant. This process may translate to appropriate dwellings in New Zealand in need of seismic
retrofit.

http://www.boltusa.com

This website was created by Avalin Seismic Construction Company, Los Angeles, and explains the
process of seismic retrofit and how they carry it out. House bolting and foundation bolting is first
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3 NNNNN

outlined; “a process of attaching a house to its concrete foundation to resist the varied
movement of earthquakes (see Figure 242). A combination of expansion wedge anchors and
epoxied threaded rods are used, typically spaced 5’ apart for single storey dwellings, and 4’ apart
for two storey dwellings (see Figure 243). Side bolting is used if the crawl space does not allow for
direct bolting (see Figure 244).
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Figure 242

Left: Foundation Bolts installed at the time of Original Construction; Right: Foundation Bolting Plates added as
Foundation Bolting Retrofit
Source: http://www.boltusa.com

N hitp://www.boltusa.com
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Figure 243

Expansion Foundation Bolts as Installed
Source: http://www.boltusa.com
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Figure 244
Foundation Bolting Plates as Installed
Source: http://www.boltusa.com

Cripple wall bracing is outlined second, which is commonly carried out through bracing with
plywood (see Figure 245). The existing cripple wall (see Figure 246) is braced with new lumber to

create solid edges for the new shear wall nailing and new expansion bolts and framing anchors are
installed (see Figures 247 and 248).
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Figure 245
Cripple Wall Retrofit
Source: http://www.boltusa.com

Figure 246
Cripple Wall before Retrofit
Source: http://www.boltusa.com
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(e _-\_"g et 2t T
Flgure 247

Cripple Wall during Retrofit
Source: http://www.boltusa.com

Figure 248
Cripple Wall after Retrofit
Source: http://www.boltusa.com

This resource is very relevant to this report as it outlines a process of retrofitting which may
translate well to the New Zealand built environment, particularly the retrofitting of dwellings with
jack stud foundations that are not seismically stable.

http://www.ci.san-leandro.ca.us
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This website is a homepage for the city of San Leandro, California. It gives information on doing
business, living in, and employment in San Leandro as well as emergency information and a drafted
local hazard mitigation plan. In a section on earthquakes, a residential seismic strengthening plan
has been developed (see Appendix 1). This illustrates cripple wall bracing details (see Figure 249)
as well as floor to mud sill connections (see Figure 250), further cripple wall bracing details (see
Figure 251) and typical floor to cripple wall connections (see Figure 252). This resource is relevant
to this report as it has produced details which may be applicable in New Zealand, and has been
developed following research and input from the California Building Officials Seismic Safety
Committee, the Earthquake Engineering Institute of Northern California and the Structural
Engineers Association of Northern California.
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Figure 249
Cripple Wall Bracing Detail
Source: http://www.ci.san-leandro.ca.us
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Floor to Mud Sill Connections
Source: http://www.ci.san-leandro.ca.us
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Figure 251
Cripple Wall Bracing Details
Source: http://www.ci.san-leandro.ca.us
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Figure 252
Floor to Cripple Wall Connections
Source: http://www:.ci.san-leandro.ca.us

http://www.empa.ch/Plugins

Stieger, Rene. Improved efficiency of timber structures: A review of activities at the EMPA
Wood Laboratory.

Presented as part of the EMPA-Symposium, Switzerland, 2003, Jan.

This article examines timber construction and the sustainable activities of the EMPA Wood
Laboratory in field and timber engineering. This includes safety and reliability, combination of
wood with other materials, and air permeability of timber building envelopes. The article also
examines the present situation, looking at the new Swiss structural timber design code SIA265,
quality in timber housebuilding, safety and reliability of timber structures, use of fibre reinforced
plastics in timber engineering and moisture dependent vapour-control layers.

The EMPA Wood Laboratory has been closely involved in the research and development of codes
and standards for the timber industry. Timber grading is explained and timber quality emphasised
and discussed. Timber possesses some weaknesses, such as “anisotropy and inhomogenity,
compounded by wide variations in material property values and a relatively high susceptibility to
transverse tensile and shear failure at joints.”**°® These weaknesses can be offset by combining
timber with materials such as concrete, fibre-reinforced plastics or steel. Each of these
combinations is explained, covering the history of its development. Testing methods are also
documented.

The new Swiss structural timber design code is analysed and compared and contrasted to its
predecessor, and it is noted that timber is gaining in popularity as the chosen material for residential
buildings.

9009 hitp://www.empa.ch/Plugins
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The article concludes that greater attention will be devoted in future to the reinforcement of wood
and wood based products using post strengthening technologies and composite materials. Research
is also being conducted into vapour-control layers and their addition to modern buildings. The
reliability and quality of load bearing timber structures is again emphasised. Although this article
does not give seismic retrofit details it does discuss the varied possibilities of timber application and
the need for quality construction, which is very relevant in the retrofit of New Zealand dwellings,
the majority of which are timber construction.

http://lwww.facweb.iitkgp.ernet.in/SE202-21
Battacharyya, SK. Retrofitting of Building Structures Damaged Due to Earthquake.

This article begins by introducing the need for properly detailed structures for earthquake
performance. Unreinforced masonry buildings are in particular need of seismic upgrade. The
article covers non destructive and destructive testing methods for concrete, structural steel and
masonry.

Renovating steel frames buildings is covered first, where the welding of steel angles, channels or
bars is quite common to increase the load carrying capacity of the existing framing (see Figure
253). Columns can also be reinforced by welding cover plates or similar onto both of the flanges.
To fix deteriorated column bases the approach is to shore the column, remove deteriorated material
and weld or bolt reinforcing to the column.
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Figure 253

Reinforcing Existing Steel Beams
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Renovating concrete structural elements is covered second. Adding a steel channel on each side of
an existing concrete beam is a solution which allows the channels to be connected to the concrete
columns. The three beams are interconnected with bolting (see Figure 254). Flexible steel channels
could also be used, fastened to the existing concrete at the ends. The intention is to induce an
upward force by deflecting the beams downward through jacking or wedging the space between the
underside of the slab and the beams (see Figure 255).

Page 236 of 332



Retrofitting House Foundations to Resist Earthquakes

Dry pack (typical)

Existing concrete beam
4 N and slab
. .-‘ -, i &

3P New rigid steel
/‘ channels

- f—

—— Existing column

Figure 254
Adding Steel Beams on each side of an Existing Concrete Beam
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Existing concrete beam
/v and slab
Wedges to deflect channels
downward
f‘?\ : ”T w(_(

l -~ New predeflected flexible
R steel channels attached
L_ _) at the ends only

- Existing column

i
Figure 255
Adding Steel Beams on each side of an Existing Concrete Beam
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

The concrete section may be enlarged to strengthen it. New reinforced concrete is placed around
the existing beam; proper interconnection is critical for the functioning of the whole. The sections

can be tied together with stirrups (see Figure 256), by short dowels (see Figure 257), or by
enveloping the beam with a new floor overlay (see Figure 258).
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Existing beam and slab Holes for stirrups, fill with
(typlcul) ; /7 shrink grout
]

New stirrups [
40

Roughen surface

New bottom bars

Splice New concrete (typical)
lengih

Figure 256
Enlarging a Section of an Existing Concrete Beam
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21

Existing beam and slab [—Driued—in adhesive anchors
(typical) / (staggered)
L |

I T

: 11i v New stirrups m
Roughen surface T I | 4
: i : .-;-_:;) ~— Dowels
o e v 5@} New bottom bars
xNew concrete (typical)
Figure 257

Enlarging a Section of an Existing Concrete Beam
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21
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Drill holes at each leg, fill with

New concrete overlay —
/ /Ynon—shrink grout

5 Existing beam and slab
e ;':\New stirrups ‘U|
'\Roughen surface

w -.-.-:;|\New bars top and botto
\
T~ New concrete (typical)

Figure 258
Enlarging a Section of an Existing Concrete Beam
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21

When the beam lacks moment capacity it can be reinforced with structural steel tension plates
bolted to the beam (see Figure 259). A welded U-bracket can be used if substantial additional steel
is required. Differing damages can also be mitigated as shown in Figures 260, 261, and 262.

Existing concrete
beam and slab

Through- bolts in drilled
holes, filled with grout
or epoxy. Verify location
of existing bars prior

to drilled
——Added tension reinforcing

Figure 259
Addition of Steel Member to Improve Moment Capacity
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21
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Existing concrete
beam

Epoxy adhesive

¥ Bonded steel plate

Anchors

Figure 260
Concrete Damage Repair
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21

E xisting concrete

4 beam and slab

Through-bolts in drilled
holes, filled with grout or
epoxy, verify location of
existing bars prior to drilling

Added side -plate reinforcing
Figure 261

Concrete Damage Repair
Source: http://mww.facweb.iitkgp.ernet.in/SE202-21

Page 240 of 332



Retrofitting House Foundations to Resist Earthquakes

Spreders top & bottom

b — High-strength threaded rods witr
cracked :
nuts and plate washers cutside the
beams
\ beam
417 /7
Figure 262

Concrete Damage Repair
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Cracks can be generated in concrete due to earthquakes. This can be ‘stitched” with dowels (see
Figure 263 and 264). Epoxy injection or grouting can ‘glue’ the concrete together, or sealant can
be applied to mitigate cracking also.

| SPLICE |

‘ LENGTH —‘ Existing column,
> ®)
[

Roughen surface
and clean

New two-piece
ties

I

Dowels
in drilled-in
adhesive anchors

Figure 263
Retrofitting Concrete Columns
Source: http://www.facweb.iitkgp.ernet.in/SE202-21
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75-100 Existing wall & column.

Roughen encased area
and clean

New two-piece ties
Ty

insert , bend, and

grout as shown

FiELD 44| Dowels
BENDJ [ [\@ v in drilled-in
S TN adhesive anchors
—Drill and grout hol
Figure 264

Retrofitting Concrete Columns
Source: http://www.facweb.iitkgp.ernet.in/SE202-21

Although this article does not specifically relate to subfloor and foundation detailing, some retrofit
solutions presented may be relevant in the retrofit of concrete piled foundations or where concrete is
damages or cracked and in need of repair and attention.

http://www.foundationbolting.com

This website was created by Stern’s Construction, Inc., a firm that specialises in seismic retrofit
services in the Los Angeles area. Seismic retrofit, the need for retrofit and retrofit construction are
explained. There is also a section on this website devoted to the Los Angeles Department of
Building and Safety retrofit diagrams which illustrate how retrofit details are to be carried out. This
is a series of 14 figures, covering from replacement of concrete footing and stem wall, to cripple
wall details and anchorage for joists supported on concrete (see Figures 265, 266, 267, 268, 269,
270, 271, 272, 273, 274, 275, 276, 277 and 278). The details for the cripple wall would work well
in New Zealand in jack stud foundations, and the fixings to concrete foundation walls may also
translate well to the New Zealand building environment. Thus, this resource is very relevant to the
seismic retrofit of dwelling subfloors and foundations in New Zealand.
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Figure 265
Replacement Concrete Footing and Stem Wall
Source: http://www.foundationbolting.com
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Figure 266
Cripple Wall Section — Parallel Joists
Source: http://www.foundationbolting.com
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Figure 267
Cripple Wall Section — Parallel Joists
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Figure 268

Cripple Wall Section — Perpendicular Joists
Source: http://www.foundationbolting.com
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Figure 269

Cripple Wall Bracing — Opening Reinforcement
Source: http://www.foundationbolting.com
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Figure 270

Blocking/Framing Anchor
Source: http://www.foundationbolting.com
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Figure 271
Sill Plate Bolting
Source: http://www.foundationbolting.com
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Figure 272
Sill Plate Bolting
Source: http://www.foundationbolting.com
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Figure 273
Sill Plate Bolting
Source: http://www.foundationbolting.com
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Figure 274

Cripple Wall Bracing
Source: http://www.foundationbolting.com
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Figure 275

Anchorage for Joists Supported on Concrete
Source: http://www.foundationbolting.com

_,.41-,,..
.- EXISTING STUD WAL
o EXSTING FLODRMHE OWER SUBFLODR
APPROVED ANGHOR FLboR. J0IsT
SDE PLATE N /
SPACED FER TABLE | T i | | LAG SCREWS PER
MPPROVAL
uiEmln EDGE A on
astence Per P I — )
AFFROVAL o—ey 7", SN EEANSION OR
"‘";.'- =l o, ARIESIVE AHCHORS
A R T P EXSTING GONCRETE
LT Tt T et ETEM WALL
T Ta -
-;' L -"__I [P ... s :'i_l\
SR ML VLIRS e ERISTING COMCRETE
FOOMNG

ANCHORAGE FOR JOISTS SUPPORTED
ON CONCRETE

Copyright: Los Angeles Dept. of Bullding & Safety

Figure 276
Anchorage for Joists Supported on Concrete
Source: http://www.foundationbolting.com
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Figure 277

Cripple Wall Bracing with Plywood
Source: http://www.foundationbolting.com
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Figure 278
Single Top Plate Splice
Source: http://www.foundationbolting.com

http://www.grif.umontreal.ca/pages/CELEBIOGLU_Banu
Celebioglu, Banu and Limoncu, Sevgul. Strengthening of Historic Buildings in Post Disaster
Cases.

Timber construction makes up a large majority of Turkey’s historic buildings, and although
considered very earthquake resistant, these historic timber buildings continue to be seriously
damaged in earthquakes.” Residents of these dwellings are then relocated to ‘post disaster
houses’ or obtain government financial support for repairs. Relocation results in culture shock, and
interventions have often destroyed supporting systems of the dwelling and decreased its earthquake
resistance. As this article emphasises, these buildings are important as they affect the economic,
social and cultural life in Turkey.

PPPPP http://www.grif.umontreal.ca/pages/CELEBIOGLU_Banu
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Two or three storied traditional timber constructions are typically formed consisting of a timber
framework on a basement wall or masonry ground floor, very similar to New Zealand’s own full or
partial foundation wall foundation types. Strengthening of these structures is considered in terms of
maintenance and technique. Continuous maintenance is emphasised in this article to ensure the
longevity of the structure. Strengthening techniques are then outlined. Strapping of a building
involves bolting the structure to the foundation, or strapping the timber frame together with cable
and protecting the elements with wooden angle plates. Walls must be connected to each other using
braces of timber, steel or synthetic fibre and plywood stiffeners between building and strapping
cables may give increased strength. This system can be applied to masonry buildings also and
allows the building to perform structurally as a whole. Infill openings may be used to provide
structural continuity. Bracing can be used to repair weakened wooden structural systems; it should
be added to have minimum impact and not overload the existing structural system. Reinforcing
joints and connections in the timber is ideal, by using anchor ties or bolts, or metal or glass fibre
reinforced plastic. Missing areas in the timber members may be filled with epoxy resins.

These methods have been suggested in this article as low cost, practical approaches to retrofit

timber structures without compromising their character or integrity. This relates very closely to the
retrofitting of timber dwellings in New Zealand.

http://www.helifix.com.au/masonry repair details.html

Helifix is a company producing high performance stainless steel helical wall ties, fixings and
masonry repair and reinforcement systems.?% Established in 1984, Helifix specializes in the
research and development of building products and techniques including a focus on several areas of
remedial construction. Their website has a specialist area devoted to masonry repair, which relates
closely to the retrofit of partial or full foundation wall foundation types in New Zealand dwellings.
The following set of figures detail methods of masonry repair using Helifix products (the figures are
also printed in full size in Appendix 2). The first figure details crack stitching a cavity wall using
HeliBars, a reinforcing bar set into place with grout (see Figure 279). Concrete patching can be
carried out using patchpins (see Figure 280), a stainless steel pin for concrete patching. This is
driven into the concrete and mortar applied over to conceal the remedial work, which is ideal.
Crack stitching a rendered cavity wall can be done using HeliBars (see Figure 281). The stainless
steel reinforcement bar is set into place with grout. Grout is applied over the bar to conceal it.
HeliBars can be used to repair a crack near a corner in a cavity wall (see Figure 282). Here the bar
is cut to the required length and bent to fit in the slots and grouted into place. The repair of a crack
near the corner of a cavity wall can also be carried out using CemTies (see Figure 283). Here a
stainless steel structural pin is inserted into the wall at the required spacing and set with grout.
DryFix may also be used for this repair (see Figure 284). This is where a dry stainless steel pining
system is used. Cross stitching of a cracked solid wall may be done using CemTies (see Figure
285). This uses stainless steel structural pins, grouted into a wall, and CemTies wound into the
grout filled hole.

The repair of a crack near a corner in a solid wall may be done using HeliBars (see Figure 286).
Again this utilizes a stainless steel reinforcement bar, grouted into place. CemTies can also be used
(see Figure 287). The repair of a crack near a corner in a stone wall cane be done with HeliBars
(see Figure 288) or the bars may be used to crack stitch a solid wall (see Figure 289). Repair of a
crack near a corner in a stone wall may also be carried out using CemTies (see Figure 290).

99999 hitp://www. helifix.com.au

Page 254 of 332


http://www.helifix.com.au/masonry_repair_details.html�

Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSO1

HELIHX

BN Crack stitching a cavity wall

HeliBar |Grade 316 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

=&

Lising an appropriate power cutting tool with vacuum
aftachment, cut slots into the horizontal mortar jeints, to the
spacified depth and at the required vertical spacing.” Ensure
that as much mortar is removed as possible from the
exposed brick surfaces in order to provide a good
masonry/grout bond.

2 Clean out all dust and lcoss mortar from the slots and
thoroughly flush with water. Where tha substrata is very
porous or flushing with water is inappropriats, usa HeliPrimer
WE. Ensure the slot is damp or primed prior to commencing
step 5.

3. Mix HeliBend cementitious grout thoroughly using a drill and
mixing padd|e and load into the Helifix Pointing Gun.

4. Fit the mortar nozzle to the pointing gun.

5. Inject a bead of HellBond grout, 10-15mm deap, Into the
back of the slot.

8. Pushthe HellBar Into the grout to obtaln good coverage.

7. Inject a second bead of HeliBond grout over the exposed
HellBar and Iron It Into the slot using a finger trowel. Inject
addiional HellBond as necessary, leaving 10-15mm for new
pointing.

B. Point up the remaining slot with a suitable matching mortar
and make good the crack using an appropriate Hellfix
bonding agent or flller, depending on the width of the crack.

8. Clean tools with clean, fresh water.

ROTE Polnting ray be carrfed out 86 soon as is convenient alter
Meﬂsﬂﬂmdhumrhdhm Ehlun that pointing does not
the aliBond

[\ Abways locsta, idantity snd Isotate sny aisctrical, water or gas
services which may ba present in the wall or the wail cavities and
can pose a safely risk before drilling or cutting. Always take the

v safely pr y Use electrical safely gloves and
wear approprisie fooiwear and syswaar.

B —
- =
L O (e — M
FI = = | |

| ]  (— —
el - -]
Fju - —
N T
= | [ ——

For cutting slots up to 48mm deep Wall chaser, mortar saw or

angle grinder with vacuum attachment

Fer mixing HeliBond Drill with mixing paddle

For injection of HeliBond into glots ... Helifix Pointing Gun
with mortar nozzle

For smoothing pointing ... Standard finger trowel

The following criteria are to be usad unless specified otherwise:

A. Depth of siot into the masonry to be 25mm to 35mm.

B. Helght of slot to be equal to full mortar joint helght, with a minimum
of 8mm.

€. HeliBar 1o be long enough to extend a minimum of S00mm sither side
of the erack or S00mm beayond the oLrter cracks H two or more
adjacermt cracks ara being stitched using one rod.

D. Normal vertical spacing is 340mm (4 brick coursas).

E. Whera a crack Is |eas than 500mm from tha and of a wall or an
opening the HellBar |s to be continued for at least 100mm around the
comer and bonded Into the adjoining wall or bent back and fheed Into
the revesl, avolding eny DPC.

F. Install Helifx remedial wall ties if existing ties are defective in any
way. Rafer to Repalr Detalls BRT01-03 for detalle on Hallftc ramadlal
wall tie Installation.

G In hot conditions ensure the masonry is well wetted or primed to
prevant premaiure drying of the HellBond due to rapkd de-walering.
Idsally additional wetting of the slot, or priming with HeliPrimer WE,
should be carred out just prior to Injecting the HellBond grout.

The above specification notes are for general guldance only and
Hellfix regerves the right to amend detalle/notes as necessary.

= Helifix preduct details available at wwaw. he lifix.com.au.
= Hyourapplicaticn differs from this repair detail or you require specific
technical infermation, call Helifix cn 130068 70 71.

EXAMPLE
SPECIFICATION

CRACK STITCHING A CRACKED BRICK WALL

Material: HELIBAR & X 1000
Product code: HBREx1000

Crack TO BE STITCHED BY BONDING 1M LENGTHS OF G1M DI,
HeuBar (HBRS) inTo cuT 5L0TS usiiGg HELIBoND GrouT
(HLB). HeLBanis 1o exTeEND 5 000K FAST ETHER SIDE OF THE
CRACK AND TO BE INSTALLED AT A& VERTISAL SPACING OF NOT
MOTE THAN < BRIGK COURSES APANT. SLOTS TO BE CUT NTO
THE HORIZOWTAL MORTAR JOINTS TO & DEFTH OF 25-35MM AND
TO A HEWGHT EDUAL TO THE MORTAR JOINT HEIGHT.

1 HBR HELIBAR

ITEM| CODE | DESCRIPTION H Ell [Ix

HELIFIX (AUSTRALIA} FTY LTD

TYPICAL WALL TYPE AND HELIBAR APPLICATION

SCALE 1:20 | DWG No. BCSOH-EXS|  SHEET 1 of 1

TEL. 1300 &6 70 71
Copyright © Hellfix Limtted 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandrlia s NSW s 2015

Figure 279
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCRO1 H[ll[lx

I Concrete patching

Stainless steel pin for concrete patching HFP

1. Glean the area to be patched. Remove all loosa material and
Ieave the surface ready to accept tha patching material in
accordance with the manufacturer's instructions.

Clean and treat any axpoaed, embedded staal.

Drlll 6.5mm dlameter holes Inte the concrete to the specifled
depth and at the speciied spacing.

2
3.
4. Attach the PatchPln suppont tool to an SDS hammer drll set
5.
6.

to a slow speed and light hammer only.
Load the PatchPin into the support tool. For drilling
Drive the PatchPin into the pre-drilled pilot hole. Check that For installation of StarTie.. SDS retary hammer drill and
the exposed end of the pin finishes below the intended face PatchPin support tocl
of the finished concrete. The pin end may be bart if the
straight length is too long.
7. Apply the patching mortar in accordance with the

manufacturer's instructions.

DS rotary hammer drill 650/80 0w

The following criteria are to be used unless specifiad otherwise:
A. Depth of hole to be 30-56mm depending on the hardness of tha

A\ A K dentity and fsclats any slactrioal, watar or gas material, with harder materials requiring less embedment.

services which may be prasant oavities B. Pin spacing and position may be varied at the discrstion of the
oan a safoly r::m ;_';‘:; m “;:W' hku';: spaciiier to sult site conditions. Typlcally, placing pins 50mm In from
poss % % = the edge with intermediate pins to keep centres within 150-200mm
y safoty pr Use safely gloves and will prove adequate_

wear appropriate footwear and syswaar.
©. Generally, pins should ba applled at not less then two pina per patch.

The above spacification notes are for general guldancs only and
Hallfix reserves the right to amend detalle/notes ac necessary.

& Helifix product details available at wwnw. helifix.com.au.
« If your application differs from this repair detail or you require specific
technical information, call Helifix on 130066 70 71.

TEL. 1300 66 70 71 HELIFIX {(AUSTRALIA) PTY LTD
Copyright © Hellfix Limited 2000 Unit 24, 34-36 Ralph Street » Alexandtia » NSW « 2015

Figure 280
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCSOZ2

HELIHX

E Crack stitching a rendered
Ballllll wall lISIIIﬂ “BlIBaI‘S

HeliBar |Grade 316 stainless steel reinforcement bar | HBR

HeliBond | Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vacuum
attachmant, cut slots through the rendsr and into the
masonry to the specified depth and at the required vertical
spacing.* Ensure that as much mortar is removed as possibla
from the exposed brick surfaces in onder to provide a good
mascnry/grout bond.

2 Clean out all dust and loose mortar from the slots and
thoroughly flush with watsr. Where the substrate is vary
porous or flushing with water is inappropriate, use HaliPrimer
WB. Ensure the slot la damp or ptrimed proar to commencing
step 5.

& Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the Helifix Poirting Gun.

4. Fit the mortar nozzle to the pointing gun.

8. Inject a bead of HeliBond grout, 10-15mm desp, intc the
back of the slot.

B. Push the HeliBar into the grout to obtain good coverage.

7. Inject a second bead of HallBond grout over the exposed
HellBar and Iron It Into tha slet using a finger trowel. Inject
additional HeliBond as nacessary, leaving 10-15mm for
making good the render.

B Tha crack within the wall should be waterproofed using an
appropriate Hellflx bonding agent or filler, a.g. HellBond or
CrackBond, depending on the width of the crack, and tha
crack and remaining slots at the surface made good with a
suitable matching render or mortar.

B. Clean tools with clean, fresh water.

NOTE. Poirting may be carried oul a3 soon as is comeniemnt afler
the HeliBond hes started to gel. Emuretbatpomungdaunot
disturh the y/HaliBond

A\ Atways locsts, ideniiy end lsolate any electrical, water or ges
sarvices which may be presant In the weil or the wall cavitiss and
can posa a safely risk before driifing or cutting. Afways take the

¥ safely # Use eiscirical salfely gloves and
wear appropriste footwast and eyoweatr.

For cutting slots up to 46mm deep .. ...Wall chaser, mortar saw or

der with vacuum attachment
To achieve final depth of slot beyond 40mm.........cccccceee Hand cr Helifix

Power Chisel
For mixing HeliBond Dill with mixing paddle

For injection of HeliBond into slots .........oocceeeeesnd Helifix Pointing Gun
with mortar nozzle

For smoothing pointing ... Standard finger trowel

The following criteria are to ba usad uniess specified othorwise:

A. Depth of slot imto the masonry to be 25mm to 35mm + the thickness
of the render.

B. Helght of slot to be equal 1o full mortar |oint helght, with a minkmum
of Bmm.

€. HellBar to be long enough to axtend a minimum of 500mm alther side
of the crack or 500mm bayond the cuter cracks if two or mone
adlacent cracks ane being stitched wsing one rod.

D. Normal vertical apacing |s 340mm {4 brick courses).

E. Where a creck |s lees then 500mm from the end of a well or an
opening the HeliBar is to be continued for at least 100mm around the
corner and bondad Into the ad|olning wall or bent back and fixed Inte
the reveal, avoiding any DPC.

> Install Halifix remecial wall ties if existing ties are defective in any
way. Refer to Repalr Detells BRTO1-03 for detalls on Hellfix remedial
wall tie installation.

9. In hot conditions ensure the masonry Is well wettad or primed to
prevent prematune drying of the HellBond due to rapld de-watering.
Iceally additional wetting of the slot, or priming with HeliPrimer WB,
should be camled out Just prior to Injecting the HellBond grout.

The above spacHication notes are for genaral guidance only and
Helifix resorves the right to amend details/notes as nocossary.

m

& Helifix product details available at www. helifix.com.au.
# If your applicaticn differs from this repair detail cr you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 281
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCSO3 HE[II:IX.

Repairof acracknearacornerina
Balllﬂl wall IISIII!I IIehBars

HeliBar |Grade 316 stainless steel reinforcement bar | HBR L ”' - - . : g : 4 j[

HeliBond |Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vacuum | 1
attachment, cut slats into the herizontal mortar joints, to the | | |
specified depth and at the required vertical spacing.” Ensure = 1 = s e I =
that as rouch rmortar is removed as possible from the — y -
exposed brick surfaces in order to provide a good ELEVATION A ELEVATION B
masanry/grout bond. i the wall is rendered and the mortar = : :

Joints are not visible, cut the helzontal slots through the
render and Into the masonty.

For cutting slots up to 40mm deep................. Wall chaser, mortar saw cr

£ Clean out all dust and loose mortar from the slots and angle grinder with vacuum attachment
thoroughly flush with water, Where the substrate is very To achieve final depth of slot beyond 40mm... ...Hand or Helifix
poreus or fiushing with water s Inapproptiate, use HellPdmer Power Chisel
WE. Eneure the slot Is damp or primed prior to commencing For mixing HeliBond Drill with mixing paddle
step 6. For injection of HeliBond into slots..........ccccooeen. Helifix Pointing Gun

4. Cut the 6mm HeliBar to the required length and bend to fit in Wit mora N0l
the slots. For smoothing pointing Standard finger trowel

4. Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the Helifix Pointing Gun.

5. Fit the morter nozzle to the gun. Tha folowing criteria ars to be used unieas specified otherwise:
8 Inject a bead of HellBond grout, 10-15mm deep, into the i e s
back of the slot. B. Helght of siot to be equal to full mortar joint halght, with @ minimum
7. Push the 8mm HeliBar into tha grout to obtain good of Bmm.
coverage. G. HeliBar 1o be lcng enough to extend a minimum of 500mm sither side
of the crack or S00mm nd the oursr cracks if two or more
& Inject a sacond baad of HellBond grout over the sxpasad sl e s lonihab ey

HallBar and Iron It Into the slot using a finger trowel. Inject

. Normal vertical spacing is 340mm (4 brick courses).
additional HallBond as necessary, leaving 10-15mm for new ey ¢ urses)

E. Wharo a crack Is leas than S500mm from the end of 8 wall or an

pointing. opaning tha HallBar Is 1o be continuad for at least 100mm around the
8. Pgint up the remaining siot with a sultable matching mortar comer and bonded into the adjoining wall o bent back and fixed inte
the reveal, avolding any DFG.
and make good the crack using an appropriate Haellfix e s 25 vl .
% In hot conditions ensure tha masonry is well wetted or pri
bonding agent or filler, depending on the width of tha crack. o drying of the HallBond dus to rapkd de- ng.
10. Clean tools with clean, fresh water. Ideally additional watting of the slot, or priming with HellPrimer WB,
sheuld be camied out just prior to injecting the HeliBond grout.
NOTE. Polnifng may be carrfed oul a8 soon as Is convenlant affer The abovs spacification notes ars for general guldancs only and
the HeliBond has slarfed fo gel. Ensure that pointing does nof Hellfix regorves the right to amend detalls/notes a8 necessary.

disturd the masonry/HalBond connaction.

AN\ Atways tocate, idernlity ami isvlate any edecirical, water or gas
sarvicas which may be prasant in the wall or the wall cavitias amf e . 1 Ex
il £ ik i or 1g. Always take the = Helifix product detalls avallable et wwaw, helifix. com.au.

necassary safely pracautions. Use elecirical safely gloves and = I your application differs from this repair detall or you require specific
wear appropriale footwear end syowear. technical information, call Helifix on 130066 70 71.
TEL. 1300 &6 70 71 HELIFIX (ALULSTRALIA) PTY LTD
Copyright © Hellfix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandrla = NSW s 2015
Figure 282

Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCSD4

HELIHX

I Repair of a crack near a corner

— _— S eSS

cavity wall using CemTies

s e e

GCemTie |Grade 316 stainless steel structural pin HCT

HeliBond |Injectable cementitious grout HLB

1. Mark the locatlons for the CamTle pins onto the face of the
wall at the required spacing.”

2 Drlll a 16mm & clearance hole through the outer wall to the
required depth.*

4. Clean cut all dust from the hole and thoroughly flush with
water. Where the substrate ls very porous or flushing with
water Is Inappropriate, use HellPrimer WB. Ensure the hole Is
damp or primed pricr to commencing step 8.

d. Attach the required langth of CemTie pinning nozzle to the
Helifix Peinting Gun.

& Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the gun.

& Pump grout to fill the nozzle.

7. Wind the GemTie into the nozzle and ensure that it is fully
covered in grout. (Alternatively, fill the hole with grout and
wind the CemnTie into the grout-filled hole.)

B Insart the nozzle to the full depth of the drilled hole and
pump the grout. Slowly withdraw the nozzle while pumping.
The GamTie will be carried out with the HeliBond grout as it
is forced through the nozzle. Back preasure will help to push
the nezzle back out of the hele.

8. Make good all holes at the surface using either a mixture of
sand, cemant and oxide colouring to match the original
surrounding brick surfaces or a silicone sealant coated with
brick dust or drillings. Make good the crack using an
appropriate Helifix bonding agent or filler depending on the
width of the crack.

18, Clean tools with clean, fresh water.

A\ Atways iocate, identity and isclate any electrical, water or ges
servicas which may be prasant in the wall or tha wall cavitias snd
can po&es a safely risk before drifling or cutting. Always iake the
necessary safely precautions. Use efecirical safely gloves and
woar appropriate fociwear snd eyewear

‘JLJI' tE
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= —

ELEVATICN

SECTION A

508 retary hammer drill 650/700w
... Drill with mixing paddle

For drilling
For mixing HeliBond .

For insertion of the CemTies. ..Helifix Pointing Gun with

CemTie Pinning Nozzle

Tha following criteria are to be used unisss spacified otherwise:
A. CemnTies are to be installed at a vertical spacing of 425mm.

B. CemTies ara to exctend af. least 250mm past the crack.

€. Dapth of hole to ba CamTla length + 25mm.

D. Ensura the CemTles are Installad Into solld brick and not the mortar joints
or loose rubble within the wall.

E If cracking eccurs on bath slevations conslder using HellBar crack
stitching around the comer (see Repalr Detell BGS03). f ComTles are to
be usad, they should be staggensd between sach elevation.

F  In hat conditiona ensyra the masonry s well wetted or primed to prevent
premaiure drylng of the HellBond due to rapld de-watering. Ideally
additional wetting of the hole, or priming with HeliPrirer WB, should be
carried out just prior 1o Inserting the CemTle.

The above specification notes ara for general guldance only and

Hellfix reserves the right to amend detalls/notes as necossary.

= Helifix preduct details available at wwwhelifix.com.au.
& lf your application differs from this repair detail or you require specific
technical infermation, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 283
Source: http://www.helifix.com.au/masonry repair_details.html

Page 259 of 332


http://www.helifix.com.au/masonry_repair_details.html�

Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSDOS5

HELIHX

BN Repairof acracknearacornerina

-
e S S S

Stainless stesl dry pinning system HDF

1. Mark the locations for the DryFix ties onto the face of the wall
at the required spacing. (Refer to the Specification Notes for
typical spacing requirements.)

2. Drill a 5mm @ pilot hole through the near skin and into the
remole akin to the specified depth using a light-weight SDS
hammer drill set to a slow speed and light hammer cnly. A
rotary percuasion 3-jaw chuck drill may be preferred if the
masonry is particularly soft. A 8mm or 6.5mm @ pilot hole
size may be preferred if the masonry is particularty hard.
{Refer to the Specification Notes for typical dapth
requiremerts.)

A. Attach the Helifix Power Driver attachment to an SDS
hammer drill set to a slow speed and light hammer only.
{DryFix ties are self-tapping and will work themselves into the
wall following the hammer action of the drill.)

4. Load the DryFix tia into the power driver attachment.

E. Support the power driver attachment with one hand, while
uging the other to work the drill, and drive the DryFix tie inta
the pre~drilled pilot hole to approximataly 10mm beyond the
surface of the near skin.

B. Make good all holas at the surface using aither a mixture of
sand, cement and oxide colouring to match the original
surrounding brick surfaces or a silicone sealant coated with
brick dust er drillings. Maka good the crack using an
appropriate Helifix bonding agent or filler depanding on the
width of the crack.

£\ Always locats, identify and iselate any slactricai, water ar gas
servicas which may ba prasent in the wall or the wall cavities and
can poso a sately risk bafore drifling or cutling. Always iake the

y safoly pr i Use efectrical safoly gloves and
waar appropriate foctwear snd gyawear.
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ELEVATION SECTION A
For drilling............... 7 .................................. Rotary pe:;ﬁ:is:;’:”'sgﬁ%;%gx
For installation of DryFix... SDS rotary hammer drill and

Dy Fix Power Driver attachment

Tha fallowing critaria are to be ussd unisas specifiad otherwise:

A. DryFix tiag are to be Installed at a vertical epacing of 170mm
(every 2 brick courses).

B. DryFbx tles are to extend at least 70mm past the crackc

€. Depth of plict hole to be DryFlx tle length + 10mm.

D. DryFix tiss are ta be installed at least 26mm in from the brick edge.

E. If cracking occurs on both elevations consider using HeliBar crack
stitching around the comar (sea Rapalr Detall BCS03). i DryFb: tles
am to be used, they should be staggered between aach elevation.

The above specification notes are for general guldance only and
Hellfix resarvas the right to amend detalls/notes as nocossary.

» Helifix preduct details available at wwwe.helifix.com.au.
s It your application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street « Alexandria = NSW s« 2015

Figure 284
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSD8

HELIHX

BCsOg

using GemTies

Grade 318 stainless steel structural pin HCT

CemTie

HeliBond | Injectable cementitious grout HLB

1. Mark the locatlons for the CemTle pins onto the face of the
wall at the required spacing. (Refer to the Spectication
Notes for typleal spacing reguirements.)

Z Drill 2 12-14mm @ clearanca hole, or 16mm & if the CemTie
Is longer than 450mm, at the required location and angle,
and to the specifled depth.”

A Clean out all dust from the hole and thoroughly flush with
water. Where the substrate is very porous or flushing with
water is inapproprizte, use HeliPrimer WB. Ensure the hole is
damp or primes prior to commeneing step 8.

4. Attach the required length of CemTis pinning nozzle ta the
Haslifix Peinting Gun.

5. Mix HaliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the gun.

&. Pump grout to fill the nozzle.

7. Wind the CemTie into the nozzle and ensure that it is fully
covarad in grout. {Altarnatively, fill the hole with grout and
wind the CemTie into the grout-filled hole.)

& Insert the nozzle to the full depth of the drilled hole and
purnp the grout. Slowly withdraw the nozzla while pumping.
Tha CemTie will be carried out with the HeliBond grout as it
is forcad through the nozzle. Back prassura will help to push
the nozzle back out of the hols.

. Make good all holes at the surface using either a mixturs of
sand, cement and oxide colouring to match the original
surrounding brick aurfaces or a silicons sealant coated with
brick dust or drillings. Make good the crack using an
appropriate Helifix bonding agent or filler depending on the
width of the crack.

10. Clean tools with clean, fresh water.

A\ Always Jocats, identify and isoiate any slecirical, water or gas
services which may be preserl i the wall or the wall cavities and
can poss a axfely risk before drilling or cutting. Always take the
mryuhnrpmmuﬂnnl. Usas sfactrical safety gloves and
Waar Spprop and sy

Cross stitching a cracked solid wall
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Fordullling-caonisainiias 508 Rotary hammer drill 6507 00w
For mixing HeliBond Dirill with mixing paddle
For insertion of the CemTies..........cccoeveeieen e Helifix Pcinting Gun with

CemTie Pinning Nozzle

The following criteria are to be used unless specified otherwise:

A. CernTios ars to be instelled parpendicular to the direction of the plane of
the crack {8.g. In the horizontal plane for vertical cracks and In the
vertical plans for horizorntal cracks).

B. CemTies ara to slart & minimum of 225mm away from the crack.

€. Dopth of hole to ba CamTle langth + 25mm.

D. Angle of drllling to be such that the CemTles wlll pass through the creck
within the centrs third of the wall.

E CoamTles are to start from altarnate sides of the crack and 1o be at
225mm epacing measurad along the langth of the crack.

F. In hot conditions ensure the masonry is well wetted or primed to prevent
premature drylng of the HellBond due to rapid de-watering. |
additional watting of the hole, or priming with HeliPrimer WE, should be
camad out |iest prior 1o Inserting the GemTie.

The above spacification notes are for general guldance enly and

Hallfix ressrves the right to amend detalle/notes as necessary.

= Helifix preduct details available at wwwe. helifix.com.au.
& lf your applicaticn differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandrla » NSW = 2015

Figure 285
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCSDO9

HELIHX

scsos Bellall‘ III | crack nearacormer

HeliBar |Grade 3186 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1. Using an appropriata power cutting tool with vacuum
attachment, cut slots into the horizontal mortar joints, to the
apeclfied depth and at the required vertical spacing. (Refer to
the Speclfication Notes for typlcal depth and spacing
requirements.) Ensure that as much mortar ls removed as
possible from the exposed brick surfaces In order to provide
a good magonry/grout bond. i the wall Is rendered and the
mortar Joints are not visible, cut the horizontal slets through
the render and Into the masenry.

Z Clean out all dust and loose mortar from the slots and
thoroughly flush with water. Where the substrate Is very
porous or flushing with water Is Inappropriate, use HellPrimer
WB. Ensure the slot Is damp or primed prior to commencing
step 5.

4. Mix HellBohd cementitious grout thoroughly using a drll and
mixing paddie and load Into the Hallfix Fointing Gun.

4. Fit the mortar nozzle to the polnting gun.

5. Inject a bead of HeliBond grout, 10-16mm desp, into the
back of the slot.

8. Push the Bmm HeliBar into the grout to obtain good
coverage.

T. Repeat steps 5 and 6 as required to install all specified
HeliBar into the slot.

E. Inject a final bead of HaliBond grout over the exposed
HeliBar and iron it into the slot using a finger trowel. Inject
additional HeliBond grout as neceasary, leaving 10-15mm for
new poeinting.

8. Peint up the remaining slot with a suitable matching mortar
and maka good the crack using an appropriate Helifix
bonding agent or filler depending on the width of the crack.

18, Clsan tools with clean, frash water.

NOTE Polnting may be carriad out a5 soon as is cormenifent afier
the HellBond has starfed to gel. Enurn that pointing does not
isturd the yi/HeliBond

A\ Atways focats, identify and isotate any sfectrical, water or gas
sarvives which may be present in the wall or the wall cavities and
can pose 8 salely risk before drilling or cutling. Always teke the
necessary safaty precautions. i/se elsctrical aafaty gloves snd
wear approprizte footwear and eyewsar.
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For cutting slots up to 40mm deep
or ang

Wall chaser, mortar saw
er with vacuum attachment

To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
For mixing HeliBond

Dirill with mixing paddle

For injection of HeliBond into slots...........cccooeeeld Helifix Pointing Gun
with mortar nozzle

For amoothing pointing Standard finger trowel

The following criteria are to be used uless specified otherwise:

A. Allow for the Installation of one HellBar for sach aldn of brickwork into
each cut slot. By example, a common 230mm solld wall construction
(equivalent o two skins of tied briciowork) will require the installation of
twa HellBars per slot. A solld wall equivalent In depth to three skins of
bonded masonry will require three HeliBars per slot.

B. Deprth of siot Into the masoniy to be 35mm to 40mm -+ thickness of any
rendar;, assuming 8 230mm eolld wall, Add 10mm for each additional skdn
of brickworlc

C. Helght of sict 1o be equal to full mortar oint helght, with a minimum of
Bmm.

D. HeliBar to be long enough to sxdand a minimurm of 500mm sither side of
the crack or S500mm bayond the outar cracks If twa or more adjacent
cracks are being stitched using one rod.

E. Nommal vertical spacing is 340mm (4 brick courses).

F. Whete a crack la less then 300mm from the and of a wall or an apening
the HellBar Is to be continued for at least 100mm around the comer and
handed into the adjeining wall or bent back and ficed into the reveal,

avolding any DPC.
G In hot conditions ensure the masonry is well wetted or primed to prevent
premature drying of the HellBond due to rapid de-watering. [deally

addiional wetting of the slot, or priming with HellPrimer WB. should be
caried out just prior to injscting the HeliBond grout.
Tha above spacification notes are for gsneral guldancs only and
Hellfix resorves the right to amend detalle/notes as necessary.

& Helifix preduct detals available at www. helifix.com.au.
» If your application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Figure 286
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCS10

HELIHX

BCsS 10

CemTie |Grade 318 stainless steel structural pin HCT

HeliBond |Injectable cementitious grout HLB

1. Mark the locatlons for the CemTle pins onto the face of the
wall at the required spacing.”

2. Drill 2 16mm 2 clearance hola through the outer wall to the
required depth.”

4. Clean out all dust from the hole and thoroughly flush with
water. Where the substrate is veary porous or flushing with
water is inappropriate, use HeliPrimer WB. Ensure the hole is
damp or primed prior t0 commencing step 8,

4. Aftach the required length of CemTie pinning nozzle to the
Helifix Pointing Gun.

E. Mix HeliBond cemantitious grout thoroughly using a drill and
mixing paddle and load into the gun.

8. Pump grout to fill the nczzle.

F. Wind the CemTla Into the nozzle and ensura that It s fully
covered in grout. (Alternatively, fill the hole with grout and
wind the CemTie into the grout-filled hole.}

& Insert the nozzle to the full depth of the drlled hole and
pump the grout. Slowly withdraw the nozzle while pumping.
The CemTle will be carrled out with the HellBond grout as It
is forced through the nozzle. Back prassura will help to push
tha nozzle back out of the hole.

B. Maks gooed all holss at the surface using sither a mbdure of
sand, cement and oxide colouring to match the original
surreunding brick surfaces or a silicone sealant coated with
brick dust or drillings. Make good the crack using an
appropriate Helifix bonding agent cr filler depending on the
width of the crack.

10. Clean tools with clean, fresh water,
/N Atways tocate, identity and isofato any eloctrical, water or gas

sorvices which may be pregont in the wal or the wall cavities and
can pose & safely risk bajors driliing or cutiing. Afways take the

Renair of acrack nearacorner
in a solid wall using CemTies

r_:“ ]ll—;G T T, 81 L \‘ |“T?’
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SECTION A

ELEVATION

For drilling ..SDS rotary hammer drill 850/700w
For mixing HeliBond ... Drrill with mixing paddle

For insertion of the CemTies.........ccoeeeeenes Helifix Pointing Gun with
CemTie Pinning Nozzle

The following criteria are to be used unless specified otherwise:

A. CemTies ara to ba installed at & maximum verical spacing of 425mm.

B. CamTlea ara to extend an equal distance, and typically to not mare than
500mm, elther sldse of the crack.

C. Depth of hale to be CemTie length +25mm.

D. Ensure the CemTies ara ingtalled into solid brick and not the morter jointa
or loose rubble within the wall,

E. If cracking occurs on both elevations consider using HeliBar crack
sthching around the camer. If CemTles havaio be usad, they should be
staggersd betwesn each elevation.

F. In hot conditions ensure the masonry is well wetied or primed to prevent
premature drying of the HellBond dua to rapid da-wataring. |
additional wetting of the hole, or priming with HeliPrimer WB, should be
camied out just prior 1o Inserting the GemTie.

The above specification notes are for general guidance only and
Halifix rassrves the right to amend detalla/notes &% necessary.

v safely p ris Usae safety gioves and #= Helifix preduct details available at wwaw, helifix.com.au.
= It your application differs from this repair detail or you require specific
wear apyropriate foolwear and eyewoar: technical informaticn, call Helifix on 1300 66 70 71.
TEL. 1300 66 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright & Helifix Limited 2009 Unit 24, 34-36 Ralph Street « Alexandria « NSW « 2015
Figure 287

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCS11

HELIHX

N Repair of a crack near a corner

HeliBar |Grade 316 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vasuum
attachment, cut slots Into the harzontal mortar joints, to the:
specified depth and at the required vertical spacing. (Refer to
the SpecHication Notes for typical depth and spacing
recuiremaents.) Ensurs that as much mortar Is removed as
poselble from the exposed surfaces In order to provide a
good masonry/grout bond. This oparation may require the
use of hand tools 1o remove the mortar due to the random
nature of the stona.

2 Clean out all dust and loose mortar from the slots and
theroughly flush with water. Whene the substrate Is very
porous or flushing with water Is Inappropriate, use HellPrimer
WB. Ensure the slot is damp or primed prior to commencing
stap 5.

4. Mix HellBond cementiious grout thoroughty using a drill and
mbxdng paddie and load Into the Hellfix Polnting Gun.

d. Flt the mortar nozzle to the polnting gun.

£ Injecta bead of HeliBond grout, 10-15mm desap, inte the
back of the slot.

8. Push the 6mm HeliBar into the grout to cbtain good
coverage.

7. Repeat steps 5 and 6 as required to install all specified
HeliBars into the slot.

i Inject a final bead of HeliBond grout over the exposed
HeliBar and iron it into the slot using a finger trowsl. Inject
additional HeliBond grout as necessary, leaving 10-15mm for
new pointing.

& Point up the remaining slot with a suitable matching mortar
and make good the crack using an appropriate Halifix
bonding agent or filler, depending on the width of the crack.

1. Clean tools with clean, fresh water.

WOTE, Pointing may be carried out as soon a3 Is convenient affer
the HeliBond has started to gel. Ensurs that pointing does not
disturh the masonry/HaifBond connection.

A\ Atways locats, kentiy and isolsts any slectrical, weter or gas
sarvices which may ba prasent in the wai or tha wall cavitfes and
can poss a safaly risk bafore driffing or culting. Always take the
necessary safely precautions. Use elecirical safely gloves and
wear approprigte footwesr and eyewaar:

For mixing HeliBond
For injection of HeliBond into slats.

For cutting slots up to 40mm deep.........ocoeeees ) Wall chaser, mortar saw
crangle grinder with vacuum attachment

To achieve final depth of slot beyond 40mmHand or Helifix Power Chisel

rill with mixing paddle

...Helifix Pointing Gun
with mortar nozzle

For smoothing painting.........cccoooeee e e Standard finger trowel

The following criteria are to be used unless specified otherwise:

A. Allow for the Installation of one HellBar for each 100mm of wall thicimess
Inta sach cut slot. By sxample, a commaon 200mm salld stone wal
construction will require the insteligtion of twa HeliBars per alot. A
300mm =olld wall construction will require three Hellbars per slot.

B. Depth of slot into 2 common 200mm stone wall to be 35mm to 40mm.
Add 10mm for sach addiional 100mm of wall thicknass.

C. Helght of slot to be equal to full mortar [oint helght, with a minimum of
Bmim.

D. HeliBar to be long enough to extend @ minimum of SD0mm either side of
the crack or 500mm beyond the outer cracks If two or more adjacent
crachs are being stitched using onerod.

E Nonmal vertical apacing ls 425mm.

F. Whans a crack la |ess than 300mm from the and of & wall or an opening
the HeliBar is to be continued for at least 100mm around the comer and
bonded Into the adjoining wall or bent back and fixed Into the reveal,
avoiding any DPG.

G. In hot conditions ensure the masonry is well wetted or primed to pravent
prematune drying of the HellBond due to rapld da-watering. Ideally
additional wetting of the slot, or priming with HeliPrimer WB, should be
camed out |ust priorio Injecting the HallBond grout.

The above spacification notes are for gsneral guldancs only and

Helifix reserves the right to amend detalls/notes as necessary.

# Helifix product details available at www. helifix.com.au.
= Ifyour application differs frem this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

Figure 288

HELIFIX {AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BCsSD6 /BCsSO7 HE[I':IX

Crack stitching a solid wall

using
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HeliBar

Grade 316 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1.

Using an appropriate power cutting tool with vacuum
attachment, cut slots Into the brick or horlzontal mortar
Joints, to the spacified depth and at the required vertical
spacing. (Refer to the Specification Notes for typlcal depth
and spacing requirements.) Ensure that as much mortar is
removed as possible from the expossad brick surfaces in
arder to provide a good masonry/grout bond. I the wall is
renderad and the mortar joints are not visibla, cut the
horizontal slots through the render and into the masonry.
Glean out all dust and loosa mortar from the alots and
thoroughly flush with water. Where the substrate is very
porous or flushing with water is inappropriate, use a suitable
primer. Ensurs tha slot is damp or primed prior to
commencing step 5.

Mix HaliBend cementitious grout thoroughly using a drill and
mixing paddle and load into the Helifix Pointing Gun.

Flt the mortar nazzle to the polnting gun.

. Inject a bead of HellBend grout, 10-15mm deep, Into the

back of the slot.
Push the 6mm HellBar Into the grout to obtaln good
coverage.

. Repsat stepe 5 and & as required to install all spacified

HeliBar into the slot.

Inject a final bead of HeliBond grout cver the exposed
HeliBar and iron it into the slot using a finger trowel. Inject
additional HeliBond as necessary, leaving 10-15mm for new
pointing.

Point up the remaining slot with a suitable matching mortar
and make good the crack using an appropriate Helifix
bonding agent or filler, depending on the width of the crack.

. Glean tools with clean, fresh water.

NOTE Polniing may ba carried ot as soon oz Is convenian? after
tha HellBond has started to gel. Ensure that polnting doss not
disturd ifve masonry/HeliBond connection.

/. Always locate, identify and isolsts any sisctrical, water or gas
sarvices which may be presont in the wall or the wall cavitfes and
can pose a sxfely risk before drifling or culting. Always take the

y aafaly pr i Usa slacirical safely gioves and
wear approprizte footwear snd syswsar
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For cutting slots up to 40mm deep ...t Wall chaser, mortar saw

crangle grinder with vacuum attachment
To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
For mixing HeliBond Crill with mixing paddle

For injection of HeliBond into slots.

....Helifix Peinting Gun
with mortar nozzle

For smoothing pointing.........ooc v iecneis e Standard finger trowel

The following critaria are to be used unlssa specified otherwise:

A. Allow for the Inatallation of one HallBar for each akin of briclowork into
each cut slot. By example, a common 230mm solid wall construction
{equivalent to two sidns of iad brickwork} will require the Instaliation of
two HellBars per slot. A solld wall equivalent In depth to three skins of
bancied masonry will nequire three HeliBars per sict.

B. Depth of alot Into tha masonry to be 35mm to 40mm + thickneas of any
render, assuming a 230mm solid wall. Add 10mm for each additional skin
of brickwaric

C. Helght of slot to be equal to full mortar joint haight, with a minlmum of
8mm.

D. HeliBar to ke long enough to extend a minimum of 500mm either side of
the crack or 500mm beyond the otler cracks If two or more adjacant
cracks are baing stiiched using one rod.

E. Normal vertical apacing Is 340mm (4 brick courses).

F. Whera a crack s less than 500mm from the and of a wall or an opening
the HeliBar is to be continued for at lsast 100mm around the comer and
bondad Into the ad]oining wall or bent back and fbeed Into the reveel,
avolding any DPC.

Gi. In hot conditions ensure the masonry is well wetted or primed to prevent
premature drying of the HallBond due 1o rapld de-watarng. |daally
additional wetting of the slot, or priming with HeliPrimer WB, shoukd be
camad out Just prior to Injecting the HellBand grout.

The above apacification notes are for general guldance only and
Hallfix ressrves the right to amand detslls/notes as necessary.

= Helifix product details available at wwaw. helifix.com.au.
= Ifyour applicaticn differs from this repair detail or yeu require specific
technical informaticn, call Helifix on 130066 70 71.

TEL. 1300 &6 70 71
Copyright & Hellfix Limlted 2008

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street » Alexandria « NSW « 2015

Figure 289
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BCS12/BCS13

HELIHX

Repair of a crack near a corner
in a stone wall using CemTies

CemTie |Grade 316 stainless steel structural pin HCT

HeliBond | Injectable cementitious grout HLB

1. Mark the locations for the CemTle pins onto the face of the
wall at the required spacing. (Refer to the Specification Notes
for typical spacing requirements.)

Z Drilla 16mm @ clearance hole through the outer wall to the
required depth. (Refer to the Speciication Notes for typlcal
depth requirements.)

3. Clean out all dust from the hole and thoroughly flush with
water. Where the substrate is very porous or flushing with
water is inappropriate, use HeliPrimer WB. Ensure the hole is
damp or primed prior to commencing step 8.

4. Attach the required lsngth of CemTie Pinning Nozzle to the
Helifix Peinting Gun.

5. Mix HeliBond cementitious grout thoroughly using a drill and
mixing paddle and load into the gun.

B. Pump grout to fill tha nozzle.

7. Wind the GemTie into the nozzle and ensura that it is fully
coverad in grout. (Alternatively, fill the hola with grout and
wind tha CemTie into the grout-filled hole.)

& Insert the nozzla to the full depth of the drlled hole and
pump the grout. Slowly withdraw the nozzla while pumping.
The GamTis will ba carried out with the HeliBond grout as it
is forcad through the nozzle. Back preasune will halp to push
the nozzle back out of the hela.

8. Make good all holas at the surface using aither a mixturas of
sand, cement and oxide colouring to match the original
surrounding brick surfacas or a silicone sealant coated with
brick dust or drillinga. Make good the crack using an
appropriate Helifix bonding agent or filler depending on the
width of the crack.

10. Clean tools with clean, fresh water.

A Always foctrle, identify and isolate any olecirical, waler or gas
senvicas which may be prasant in the wall or the wall cavities and
can poss a safaly risk before driffing or cutting. Ahways iake the
necessary safely precautions. Use elacirical safely ploves and
wear appyopriale footwear and oyowear:

Repair of internal and external cracks near a corner, BCS13

For drilling SD8 rotary hammer drill 850/700w

For mixing HeliBond Dl with mixing paddle

For insertion of the CemTies ... Helifix Pointing Gun with
CemTie Pinning MNozzle

The following criterla are to be used unless specified otherwise:

A. ComTies are to be installed at a vertical spacing of 425mm.

B. ComTies ara to exdend an equal digtance, and typically to not mong than
500mm, elther slde of the crack.

€. Depth of hole to ba CemTie length + 25mm.

D. Ensure the CemTies are installed into solid store and not the mortar
Joints or loosa rubble within the wall.

E. [If eracking oceurs on both elavations consider using HellBar erack
siitching around the comer (see Repair Detail BSS11). if CamTies have
to be used, they should be staggered between each elevation.

F. In hot conditions ensurs the masonry ie well wetted or primed to prevent
premature diying of the HellBond due to rapid de-wttering. Ideally
addiional wetting of the hole, or priming with HellPrimer WE, should be
carried out juwst prior 1o ingerting the CemTie.

The above specification notes are for general guldance only and
Hallfix resarves the right to amend detalls/notes as necossary.

= Helifix product details available at wanw. helifix. com.au.
= I your application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street « Alexandria = NSW s« 2015

Figure 290
Source: http://www.helifix.com.au/masonry repair_details.html
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Helifix have also developed procedures for creating load bearing beams in cavity or solid walls
using HeliBars (see Figures 291 and 292). This is where two of the stainless steel reinforcement
bars are grouted into a wall, one on top of another and concealed with a matching mortar.

Helibars may also be used for lintel stabilisation. Slots are cut into the horizontal mortar joints and
HeliBars grouted into place until all slots have been filled (see Figure 293).
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REPAIR DETAILS BLBO1/02/04 HEI_I':IX

Creating load-heariny heams in cavity
or solid walls using HeliBars, external
and/or internal Beaming

HeliBar |Grade 318 stainless steel reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

1. Using an appropriate power cutting tool with vacuum
attachment, cut slots into the horizontal mortar joints, to the
specified depth and at the required vertical spacing. (Rsfer to
the Specification Notes for typical depth and spacing
raquiremerts.} if tha wall is plasterad/rendsrad and the
mortar joints are not visible, cut the horizontal slots through
any plaster/render and into the masonry. Ensure thet as
much mortar is removed as possible from the exposed brick
surfaces in ordar to provide a good masonry/grout bond.

2. Clean out all dust and loosa mortar from the slots and
thoroughly flush with water. Whare the substrate is very
porous or flushing with water is inappropriate, use HeliPrimer
WB. Ensure the slot is damp or primed prior to commancing
step 5.

A Mix HeliBond cementitious grout thoroughly using & drill and
mixing paddie and load into the Helifix Pointing Gun.

4. Fit the mortar nozzla to the peinting gun.

E. Inject a bead of HeliBond cementitious grout, 10-15mm
deep, into the back of the slot.

8. Push the first 6mm HellBar Into the grout to obtaln good

coverage.

Inject a second bead of HellBond grout over the exposad

HellBar.

B. Pushthe second 6mm HellBar Into the grout to cbtaln good
coverage.

B Inject athird bead of HeliBond grout over the exposed
HellBar and Iron k Into the slot using a finger trowel. Inject
additional HellBond as necessary, keaving 10-15mm for new

polntng.
10. Point up the remaining slot with a suitable matching mortar.
11. Clean tocls with clean, fresh water.

b

NOTL Polniing may ba carriad out a8 socn a3 is conveniant after
M-H-ﬂﬂmdﬁnlhrhdmg-l.fmm that poimting doss not
disiurd ife fHellBond

A\ Amways tocats, idantlly and isolate any electrical, water or gas
services which may be presemt in the wall or the well cavitfes and
mmammmmwmmmm

safaly pr Usa slsctrical safely gloves and
wear appropriaie footwear and syswaar:

Helifix product details available at www.helifix.com.au.
If yeur application differs from this repalr detail er you require specific
technical information, call Helifix on 1300 86 70 71.

- I I | ll =
] )
I \ e | |
“ "iﬂ\_ I | I JITII I | Il
e g - \
I \ | | |
Solid wall, BLBO4
For cutting slots up to 40mm deep...........c..eees Wall chaser, mortar saw

or angle grinder with vacuum attachment
To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
For mixing HeliBond
For injection of HeliBond into slots..

.Drill with mixing paddie

Helifix Pointing Gun
with mortar nozzle

For amoothing pointing......c.c s e Standard finger trowel

The following criteria are to be usad unless specifisd otherwise:

A. A minimum of two HellBars should ba installed Into sach cut siot. Allow
for the installation of one additional HeliBar per slot for sach additional
akin of brickwork over the standard two when creating beamns In deap
solid walls.

B. Depth of slot into the masonry of a CAVITY WALL to be 40mm to 55mm
+ the thickness of any plaster (internal) or render (extemnal). Depth of slot
inte the masonry of a SO0LID WALL {230mm) to be 55mm to 70mm + the
thickness of any plaster or render. Add 10mm for each additional skin of
briclework.

G. Height of slot to be equal to full mortar joint height, with & minimum of
Brmm.

D. If HellBars are 1o ba joined In a stralght run, overlap the bare by a
minamum of 500mm.

E. Top and bottom rainforcaments shauld be poaltioned aa far apart as
practicable, up to a maximum distance equivalsnt to 10 brick courses
(apperox. B50mm).

F Any fractures In the masonry within the "beam zone® MUST be atablliaed
by crack stitching (see Repair Detail BCS01), CrackBond TE ar
raplacement of the masonry.

Q. Any missing or very poor qualiy masonry MUST be replaced.

H. Install Helifix remedial wall ties if existing ties are defective in any way.
Refer to napaeruialla BRTQ1-03 for datalls on Hellfix remedlal la

I. Multiple Helibsame shoukd be installed siarting at the top and working
down to the bottom.

J. In hot conditions ensure the masonry Is wall watted or primed to prevent
premature drying of the HeliBond due to rapid de-walering. |deally
additional wetting of tha slot, or priming with HellPdmer WB should ba
carried out just prior to injecting the HeliBond grout.

The above specification notes are for general guldance only and
Helifix reserves the right to amend detals/notes as necessary.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2008

HELIFIX {AUSTRALIA)} PTY LTD
Unit 24, 34-36 Ralph Street » Alexandtla » NSW s 2015

Figure 291
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAILS BLBDO1/02/04 HEI_II:IX

Creating load-bearing heams in cavity
or solid walls using HeliBars, external
and/or internal Beaminy

HeliBar |Grade 316 stainless steel reinforcement bar |HBR ] | — Hﬁ I ”

=
-4] S
Fu = —

1. Using an appropriata power cutting tool with vacuum Cavity wall BLBO1 (externaly and BLBOZ (internal)
attachment, cut slots into the horizontal mortar joints, to the l ‘ I i I
specified depth and at the required vertical spacing. (Refer to 4
the Specification Notes for typical depth and spacing ] ]| [ |
requirementts.} If the wall is plastered/rendered and the | — | —
mertar joints are not visible, cut the horizontal slots through e ] - -
any plaster/render and into the masonry. Ensure that as _||_ \ -4 :
much mortar is removed as possible from the exposed brick S —— T .
surfaces in ordar to provide a good masonry/grout bond. "‘—”— ‘

2. Clean out all dust and loosa mortar from the slots and
thoroughly flush with water. Where the substrate is very
porous or flushing with water is inappropriate, use HeliPrimer

WB. Eneure the slot is damp or primed prior to commancing
step 5. For cutting slots up to 30mm deep......c.cceceeennn Wall chaser, mortar saw
or angle grinder with vacuum attachment

HeliBond |Injectakle cementitious grout HLB

Solid wall, BLBO4

A Mix HeliBond cementitious grout thoroughly using & drill and
mixing paddle and load into the Heslifix Pointing Gun.

4. Fit the mortar nozzla to the peinting gun.

E. Inject a bead of HeliBond cementitious grout, 10-15mm
deep, into the back of the slot.

8. Push the first émm HellBar Into the grout to obtaln good
coverage.

To achieve final depth of slot beyond 40mmHand cr Helifix Power Chisel
Crrill with mixing paddle

For mixing HeliBond
For injection of HeliBond into slots. Helifix Peinting Gun

with mortar nozzle
For smoothing pointing. ... e Standard finger trowe|

7. Inject a second bead of HellBond grout over the exposed
HellBar.

A. Push the second 6mm HellBar Into the grout to obtaln good
coverage.

E. Inject a thind bead of HeliBond grout over the exposed
HellBar and Iron It Into the slot using a finger trowel. Inject
addiional HellBond as necessary, leaving 10-15mm for new
polnting.

10. Point up the remaining slot with a suitable matching mortar.
11. Clean tools with clean, fresh water.

NOTL Polniing may ba carriad out as soon a2 Is convenient after
tha HelfBond has started to gel. Enlmﬂmtpohlthgdmtnat
disiurb the y/HeliBond

/\ Atways focate, idantity and isolate any slectrical, water or gas
sarvices which may be prosernt in the wall or the wall caviifes and
mm-mmmmwanm Always tako the
y aafaly p iactrical safely gloves and
MMWMW

Helifix preduct details available at www.helifix.com.au.
If your application differs from this repair detail or you require specific
technical infermation, call Helifix on 130066 70 71.

Tha following critaria are o be usad unisas specified otherviss:

A. Aminimum of two HellBars shoulkd ba Installed Into sach cut slot. Allow
for the installation of one additional HeliBar per slot for each additional
akin of brickwork over the standard two when creating beama In deap
solid walls,

B. Dapth of siot into the masonry of a CAVITY WALL to be 40mim to 55mm
+ the thickness of any plester {nternal) or render (extemal). Depth of slot
into the masonry of a SOLID WALL {230mm) to be 55mm to 70mm + the
thicknasa of any plastaer or render. Add 10mm for sach additional aldn of
brickwaork.

G. Hoight of slot to be equal to full mortar joint height, with a minimum of
Bmim.

D. If HellBars are to ba |olned In a stralght run, overlap the bars by a
minimum of 500mm.

E. Top and botiem reinforcaments should be poaltioned aa far apart aa
practicable, up o a maximum di I it to 10 brick
(approx. B50mm).

F. Any fractures In the masonry within the "baamn zone’ MUST be atabllisad
by crack stitching (sea Repair Detail BCS01), GrackBond TE or
replacamant of the masonry.

Q. Any mizsing or very poor quality masonry MUET ba replaced.

H. Install Helifix emedial wall ties if existing Bes are defectiva in any way.
Refor 1o Raperu!alls BRTO1-03 for datalls on Hallfix remadial e

. Muliple Hellbeams should be installed starting at the top and working
down to the bottom.

J. In hot conditions ensure the masonry |s well wetted or primed to prevent
premature drying of the HeliBond due to rapid de-watering. Ideally
additional wetting of tha sict, or priming with HellPdmer WB should ba
carried out just prior 1o injecting the HeliBend grout.

The above specification notes are for general guldance only and
Helifix reserves the right to amend details/notes as nocessary.

HELIFIX {AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandria » NSW s 2015

TEL. 1300 66 70 71
Copyright © Hellifix Limited 2008

Figure 292
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL BLRO1 HE[II:IX.

Stahilising failed lintels in cavity walls
using HeliBars

ust_ Descriptio =

HeliBar |Grade 316 stainless steel reinforcement bar | HBR =4 L :“

HeliBond |Injectable cementitious grout HLB F| i— | \| Il I 4| | 3 .j‘;
el B —al— L — )]

METHOD STATEMENT [ | I [ | | -

T - I I | - \

1. Using an appropriate power cutting tool with vasuum - | | | e e,

attachment, sut slots into the horizontal mortar joints, to the . < IE 1= | I 2 [

specified depth and at the required vertical spacing.” If the ] | —— i I -

wall is plastered/rendered and the mortar joints are not = s | £ |
visible, cutt the horzontal slots through any plaster/render | — E
and Into the masonry. Ensure that as much mortar s A
removed as possible from the exposad brick surfaces In r
arder to provide a good masonry/grout bond. ' AMENDED

2. Clean out all dust and loose mottar from the slots and o nr s .

thoroughly flush with water. Where the subsirate Is very For cutting slots upto 40mm deep........ccoeveceeenee Wall chaser, mortar saw
porous or flushing with water Is Inappropriate, use HellPrimer or angle grinder with vacuum attachment
WB. Ensure the slot are damp or primed prior to For drilling SDS rotary hammer drill 850/700w
commencing step 5. For mixing HeliBond Drill with mixing paddle

4, Mix HellBond cementious grout thoroughly using a drll and For injection of HeliBond into slots.. ...Helifix Pointing Gun
mbdng paddie and load Into the Hellfx Polnting Gun. vith mortar nozzle
For insertion of the CemTies........ccvevn e Helifix Peinting Gun with

4. Fit the mortar nozzle to tha pointing gun.

5. Inject a bead of HeliBond cementitious grout, 10-15mm For smoothing pointing
deap, into the back of the slot.

CemTie Pinning Nozzle
............................................ Standard finger trowel

8. Push the first 6mm HeliBar into the grout to obtain good * Spacification Noles
coverage. The foliowing criteria sre to be used unieas specifisd otharwise:
7. Inject a second baad of HeliBond grout over the exposed A_ Dspth of slot o ry 1o 40rmm to 85mm
Hellpar B. Helght of siat to ba equel o full mortar jolrt helght, with & minimum of
A. Push the second 8rmm HeliBar into the grout to obtain good gmm.
covarage. €. Top and bottom reinforcements should be positioned as far apart as
9. Injact a third baad of HellBond grout over the sxposed ficable, up to & maximum d aqulvalert to 10 brick courses
HellBar and Iron It Into the slot using a finger trowal. Inject (epprox. 850mim).
additional HellBond a necessary, leaving 10-15mm for new 2k H:':’B:f’:;b’ g afioufh o extebd e i ckadENTi Heyontlamall
inting. & opening.
polning E. Any fractures in the masonry within the ‘beam zone’ MUST be stabilised
10. Repeat staps 5 to 8 for remalning slote. by Grack Stitching, CrackBond or masonry raplacement.
1. Polnt up the remalning slots with a sultable matching mortar. @. Any missing or very poor quallty masonry MUST bae replaced.
Make good the cracks with an appropriate Hellfix bonding H. In hot conciitions ensure the masonry ks well watted or primed to pravent
agent depending on the width of the crack. prematura drying of the HellBond duae to rapld de-watering. kdeally
. additional wetting of the slots and holes, or priming with HeliPrimer WE,
AL Clean tools with cleen, freeh. werier, shoukd be carmed out[ust prior £ Injesting tha HelBond.
ﬂ;m Paht::"chb:w n:nonm.l:ihmmﬂ;l::::‘r The above speclfication noies are for general gulkdance only and
g Ly A Helfix il 3
J “um"'m' i % okfix resorves the right to amend details/notes as necossary.

ﬁ}.Ahw,wlouh. identify and fsolate any elecirical, waler or gas
warvices which may be present in the wall or the wall caviies and
can poss a safety riak bafore drifing or cutting. Always taks the

® Helifix product details available at www._helifix com.au.

necessary cafety precaufiona. Use electrical safety gloves and = It your application differs from this repair detail or you require specific
wear approp and ay technical information, call Helifix on 1300 66 70 71.
TEL. 1300 66 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright @ Helifix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandria « NSW s 2015
Figure 293

Source: http://www.helifix.com.au/masonry repair_details.html
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HeliBars can be used to create movement joints in masonry walls. A movement sleeve is placed
over one half of the HeliBar and grouted into place, ensuring no grout comes into contact with the
area of bar encased by the sleeve to protect its movement capability (see Figures 294 and 295).
BowTies, stainless steel remedial wall ties, can be used to restrain a bowed wall by driving the tie
into joist ends. Resin is injected to secure the tie (see Figures 296 and 297).
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REPAIR DETAIL BMJO1 HE[I[IX'

BMJIO1

Creating movement joints in
cavity walls using HeliBars

HeliBar |Grade 316 stainless stesl reinforcement bar | HBR

HeliBond |Injectable cementitious grout HLB

==

. Mark the position on the wall for the movement joint.

Ingtall the specified number of approptate Hellfix wall tles
adjacent to the location of the movement joint.”

Using an appropriate power cuiting tool with vacuum
attachment, cut siots Into the horizontal mortar joints efther
side of the movement |oint, to the specified depth and at the
required vertical spacing.” Engure that as much mortar is
removed as possible from tha exposed brick surfacss In order
to provide a good masenry/grout bond. If the wall is rendered
and the mortar jolnts are net visible, cut the horizontal slots
through the render and into the masonry.

Cut the movemnent Joint to the speciied width and at the
required location.

Clean out all dust and mortar fram the slots and thoroughly
flush with water. Where the substrate Is very porous or flushing
with water Is Inappropriate, use HellPrimer WB. Ensure the slot
Is damp or primed prior to commencing step 8.

&. Mbx HellBond cementitious grout thoroughly using a drll and

mixing paddie and load Inta the Hellfix Pointing Gun.
Fit the mortar nozzle to the pointing gun.

Injact a bead of HaliBend grout, 10-15mm deep, into the back
of the slot.

#. Fit tha movemnent sleeve over one half of the 6mm HeliBar and

push tha complete assembly into the grout ensuring a good
bond between the HeliBar and the sleeva in the slot. Ensure
that ne grout comes into contact with the snd of the HeliBar
covered by the slsave, as this end must bs free to move.

10. Inject a sscond bead of HeliBond grout up against the HeliBar

and sleeve assembly to obtain good coverage of both.

11. Poeint up the remaining slot with a suitable matching moertar.
1Z Seal the joint with a suitable flaxible mastic type material.
14, Clean tools with clean, fresh water.

ROTE. Polrrbing may be carried oul as soon as fs convenient after the
HuliBond has started to gol. mmmmmm
the ryiHaiBond

A\ Anways tocats, identify snd isolate any electrical, water or gas
sorvices which may ba present In the wall or the wall cavities and
can posa & eafety risk before drililing or cutiing. Always take the
neceasary safoly precautions. Use clectrice! salely gloves snd wear
appropriate f and ey

- e -
EI\QWQMJL\

For cutting slots up to40mm deep.........ccee e Wall chaser, mortar saw
or angle grinder with vacuum attachment

To achieve final depth of slot beyond 40mm ..o Hand or Helifix
Power Chisel

For drilling wall tie pilotholes .......... Light-weight SDS rotary hammer drill
or retary percussion drill 650/700w

For installation of DryFix wall ties........ 505 retary hammer drill 650/7 00w
and SOS power driver attachment

For mixing HeliBond Dirill with mixing paddle
For injection of HeliBond into slots..............c...... Helifix Pointing Gun

with mortar nozzle
For amoothing pointing Standard finger trowel

The following criteria are to be used unless specified otherwise:
A Depth of slot to accommodats the HeliBar and sleeve assemibly ta be
40mm + the thickness of any render.
B. Height of slot to be equal to full mortar joint height, with a minimum
m.

€. HellBar should extend a minlmum of 200mm efther side of the
expansion joint.

. Atternate the pasition of the slesve on adjacent HeliBars.

E. HellBars to ba Installed at a maximum 300mm vertlical spacing.

F. Sultable Hellfix wall tles to be Installed on each sida of the newty
formed movemnent joint not mora than 225mm back from the joint
and et a meximum of 300mm vertical apacing. Refar to Repalr Datalls
BRT0-03 for details-on Helifix emedial tie installation.

The above specification notes are for neneﬂll guldlnee only and
Hoallfix resarves the right to amend detall v

» Helifix preduct details available at www.helifix.com.au.
» It yeur application differs from this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

i EXAMPLE
SPECIFICATION

300 mm

200 mm | 200 mm
.

InsTaLL DirrFix 8ram Dis. x 22000 L (HOF 8x220) TES EMHER SI0E OF THE LOGATION OF THE
MAOWEMENT JOINT AT SO0MM WERTICAL CTS AND AT NOT MORE THAN 225MM BACK FROM THE JOINT (SEE
HEeLiFix rerair peTail BRTOT). CuT THE JomT AND BoND SLEEVED HELIBARS G Dia. x 400mn L.
INTO HORIZONTAL SLOTS CUT ACTOSS THE JOINT AT 300MM WERTICAL ©TS. USING HELIBOND &ROUT.
HELIBAR MOVEMENT TIES SHOULD EXTEND A MINIMUK OF 200MM EITHER SIDE OF THE JOINT.

EXPANSION JOINT CUT INTO MEAR LEAF OF 270mm CAVITY BRICKWALL

Material: DRYFIX 8 x 220 and HELIBAR &
Product code: HDFBx220 and HBR 6mm

1 HBR HELIBAR
2 HDF DRYFIX
ITEM | CODE| DESCRIFTION .

HELIFIX (AUSTRALIA} PTY LTD

TYPICAL WALL TYPE AND HELIBAR MOVEMENT TIE AFFLICATION

SCALE 1:20 | DG No. BMJO1-EXS|  SHEET 1 of1

T

EL. 1300 66 70 71

Copyright © Hellfix Limited 2000

HELIFIX {(AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandria » NSW s 2015

Figure 294
Source: http://www.helifix.com.au/masonry repair_details.html
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REPAIR DETAIL EMJ0OZ2Z2 H[llrlx

BMJOZ

I-n II 1 H I-B
- A —_— - - i - - L e

Creating movement joints in

roduct Descripfion | I i [
HeliBar |Grade 316 stainless steel reinforcement bar | HBR "JP‘" “ ” ” i: I[ " “ ll ””—?
HeliBond |Injectable cementitious grout HLB | ]; = " [ ]| { =
[ e -
E I 1 m— -
] - " " T — ks
1. Mark the posltien on the wall for the movement Jolnt. JFI]—“ i [‘—HT“—]H i[ -W I :| ‘[—“ N irj
2. Using an approprate power cutting tocl with vacuum . ! It e
attachment, cut slots Into the horizontal mortar joints efther 4
slde of the movement joint, to the specified depth and at the b
required vertical spacing. (Refer to the Specification Notes ] I
for typlcal depth and spacing requirements.) Ensure that as
much mortar is removed as possible from the axposad brick [_l " i !
surfaces in order to provide a good masonry/grout bond. i Bl - W _ :
the wall is rendered and the mortar jeints are net visible, cut
the horizontal slots through the render and into the maseonry.
d. Cut the movement Joint to the specifled width and at the
required |ocation. For cutting slots up to 40mm deep............ S Wall chaser, mortar saw
4. Ci I I f I or angle grinder with vacuumn attachment
tch:?:u;:yaﬂifwmdwz‘f:mers the suﬂlb:;??ma::w To achieve final depth of slot beyond 40mm ...t Hand or Helifix
porous or flushing with water Is Inapproprate, use HellPimer i . itz ??Wer Crisel
WB. Ensure the siot is damp or primed prior to commencing For mixing HeliBond <o DHll With mixing pacdle
sk b 7 For injection of HeliBond into slots . ....Helifix Pointing Gun with
ep 7. mertar nozzle
5. Mix HallBond cemsantitious grout thoroughly uging a drill and For smoothing pointing..........cee e e Standard finger trowel

mixing paddie and load Into the Hellfx Pointing Gun.

6. Fit the mortar nozzle to the gun.

10,

1.

12,
13,
14,

+ Imject a bead of HeliBond grout, 10-16mm deep, into the

back of the slot.

. Fit the movement sleeve over one half of the first 8mm

HaliBar and push the complete assembly into the grout
ensuring a geod bond betwean the HeliBar and the slesve in
the slot. Ensure that no grout comes into contact with the
end of the HellBar coverad by the sleeve, as this end must
be free to move.

. Inject a second bead of grout over the HeliBar and tube

assembly. Again, ensure that no grout comes into contact
with the end of the HellBar covered by the sleeve.

Fush a second 6mm HeliBar and slesve assembly into the
grout.

Inject a thind bead of HeliBond grout up against tha HeliBar
and sleava assembly to obtain good coverage of both.
Point up the remaining slot with a suitable matching mortar.
Seal the joint with a suitable flaxible mastic type material.
Clean tools with clean, frash water.

NOTE. Pointing may ba carrfod out as soon 28 Is conveniemnt after
the HeliBond has slarted fo gol. Ensure that pointing does not
disturh the rylHeliBond i

A\ Atways focate, identify and isolate eny electrical, water or gag
sarvicas which may ba prassnt In the wall or the wal! cavities and
can pose @ safsly risk before drifling or cuiting. Always take the

y safely pr Use electrical safely gloves and
wear appropriate fogtwear and eyewear

A. Allow for the installation of one HeliBar/sleeve assembly for each skin of
briclwerk Into sach curt slet. By example, 2 common 230mm salld wall
construction {(squivalert 1o two sking of tled brickwork) wlll require the
installation of two HeliBar/sleeve assambliss per slot. A solid wall
aqulvalent In depth to three skins of bonded masonry will requins three
Helibar/siseve essamblies per slot.

B. Depth of slot 1o accommuodate the HellBar and sleeve assambly to ba
T0mm + the thickness of any rander.

C. Height of slot to be equal to full mortar joit height, with & minimum of
Bmm.

D. HellBar should extend & minimum of 200mm elther =lde of the movement
joirt.

E Ahemate the position of the sleeva on adjacent HeliBars.

F. HellBar/sleeve assambiles to be Installed at a maximum 300mm vertical
Bpacing.

The above specification notes are for general guidance only and

Halifix ressrves the right to amend detalla/notas ea necessary.

= Helifix product detalls available at www.helifix.com.au.
& I your application differs from this repair detail or you reguire specific
technical information, call Helifix on 1300 66 70 71.

TEL. 12300 66 70 71
Copyright © Hellfix Limited 2009

HELIFIX (AUSTRALIA) PTY LTD
Unlt 24, 34-36 Ralph Street = Alexandrla s NSW » 2015

Figure 295
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAILS BRBO1/03/04 HE[I':IX

Restraining a howed cavity,
timber frame or solid wall using

S e S e e e

BowTie

Grade 316 stainless steel remedial wall ie | HBT

EpoxyPlus |High performance pure spoxy resin HTE

1.
a

F

Mark the positions of the joists on the external wall.

Drill the clearance holes for the BowTies (normally 12mm o)
through the masonry only and in line with tha centre of the
joists,

Clean out the hola to clear any dust or debris.

. Insert the BowTie power support tool into an SDS rotary

hammer drill and place the BowTis into the support toel.

Drive the BowTie inte the timber to the required depth.
{Refer to the Spacification Notss for typical depth
requirements.)

. Place the end of tha nozzle of the resin applicator over the

exposed and of the BowTie. Masking taps may be placed
around the hole to protact the surface of the wall from resin
spillage. Cloth may also be wrapped arcund the nozzla to
help seal the opening during installation and protect the wall
face from resin spillage.

. Pump the resin applicater to inject Helifix EpoxyPlus nasin

into the hole. The rasin will track down the tie, following its
halical profile. Inject resin until the hole in the near akin is
filled complataly.

. Allow the resin to gel {(normally 15 to 20 minutes).
. Make good all holes at the surface using stther a mbdure of

sand, cement and oxide colouring to match the original
surmounding brick surfaces or a sllicone ssalant coated with
brick dust or drillings.

&Mmmmmmmmwm
sarvices which may be present in the wall or the wall cavities and
can posa A safety risk befors driiiing or cutting. Always take the

y safely p Use alactrical safely gloves and
waar sppropriate foolweer and eyewsan

oie into iit ns

Bowed timber frame
wall, BRBO3

JEONICEORE

’i”‘:} Bowed solid wall, BRBO4

For drilling and insertion of BowTies...SD'S rctary hammer drill 850/700w
BowTie support tcol
Applicater gun with nezzle

For installation of BowTies
For injection of Helifix EpoxyPlus resin..

The following criteria are to be used unless spocified otherwise:

A. BowTla penetration Into the end graln of tha timber jolst must be a
minimwm of 70mm.

B. Each joist in the arsa of concem is to be secured with 2 BowTie {j.e.
spacing of BowTlas ke to carrespond with the original jolet spacing).

C. Ensura that all jolsts Into which BowTles are 1o be Installed are both
sound and secure.

D. Install Halflx nemadial wall Hea H sdsting tes are defactive In any way.
Refer to Repelr Detglls BRT01-03 for detalls on Hellikx remedlal tie
instaliation.

The above specification notes are for general guldance only and

Hellfix ressrves the right to amend datalla/notes as necessary.

& Helifix product details available at www.helifix.com.au.
= If your application differs from this repair detail or you reguire specific
technical information, call Helifix on 1300 66 70 71.

TEL.

1300 66 70 71

Copyright € Hellfix Limited 2009

HELIFIX (AUSTRALIA) PTY LTD

Unit 24, 34-36 Ralph Street « Alexandria « NSW « 2015

Figure 296
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAILS BRBO1/03/04 HEI_I':IX.

Restraining a howed cavity,
timber frame or solid wall using
BowTies into joist ends

S T S B RS e S S S S S e

Grade 316 stainless steel remedial wall tie | HBT

EpoxyPlus |High performance pure epoxy resin HTE

!
1. Mark the positions of the joists on the external wall. == o
2. Dirill the clearance holes for the BowTies (normally 12mm @) 4 1
through the masonry only and in line with the cerrre of the — TR
joists.
3. Clean out the hole to clear any dust or debris. ) *
4. Insert the BowTia power support tool into an SDS rotary
hammer drill and place the BowTie into the support tool.
5. Drive the BowTis into the timber to the required dapth.
{Refer lo the Specification Notes for typical depth

DEORIOEONE

requirements.)

fi. Place the end of the nozzle of the resin applicator over the
exposed end of the BowTie. Masking taps may be placed Bowed timber frame
around the hole to protect the surface of the wall from rasin wrall, BRBOS
spillage. Cloth may also be wrapped arcund the nozzle to \

halp seal tha opening during inatallation and protact the wall

into the hole. The resin will track down the tie, following its
haelical profile. Inject resin until the hole in the near skin is
filled completaly.

B. Allow the resin to gel {normally 15 to 20 minutas).

8. Make good all holgs at the surface using efther a mbdure of
sand, cement and oxide colouring to match the original
surmounding brick surfaces or a sllicone sealant coated with : . . 25 4
brick dust or drillings. For drilling and insertion of BowTies...SDS rotary hammer drill 650/7 00w

For installation of BowTies ... BowTie suppert too|

For injection of Helifix EpoxyPlus resin............ Applicator gun with nozzle

face from resin spillage. %
T. Pump the resin applicator to inject Helifix EposxyPlus resin D

4": Bowed solid wall, BRBO4

mmmmmmmmmwm

services wiich may be present in the well or the wall cavities end

can poss a safely risk bafors drilliing or cutling. Always taks the

y safoty pr Use eloctrical safely gloves and £ cation »

WaBr Spprop: and sy The following criteria are to be used unless specified otherwise:

A. BowTls penetration Into the end grain of tha timber jolat must be a
minkmum of 70mm.

B. Eech joist in the area of concern is to be secured with 8 BowTie {.e.
apacing of BowTles ke in correapond with the arginal jalst sparing).

C. Ensura that all jolsts Into which BowTles &re to be Installed are both
sound and secure.

D. Install Helflx remeadial wall tlea H sxdsting ties are defective In any way.
Refer to Repalr Datalls BRTO1-03 for detalls on Hellftx remexdlal e
instaliation.

The above specification notes are for general guldance only and
Helifix rasarves the right to amend datalla/notes as necessary.

& Helifix product details available at wawnw helifix.com.au.
» i your applicaticn differs frem this repair detail or you require specific
technical information, call Helifix on 130066 70 71.

TEL. 1300 66 70 71 HELIFIX (AUSTRALIA) PTY LTD
Copyright € Hellfix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandrla s NSW » 2015

Figure 297
Source: http://www.helifix.com.au/masonry repair_details.html

Page 275 of 332


http://www.helifix.com.au/masonry_repair_details.html�

Retrofitting House Foundations to Resist Earthquakes

Repair of delaminated or separating masonry is a rubble-filled or solid wall may also be carried out
using CemTies (see Figure 298). These can also be used to repair brick faced random stone walls
through the brick faces or mortar joints (see Figure 299).

DryFix, a stainless steel dry pinning system, can be used to replace worn or absent wall ties (see
Figure 300). These can be hidden from view with sand, cement and oxide mix or with silicone
sealant. Retroties may also be used to do this, where a stainless steel remedial wall tie is set into the
wall with high performance pure epoxy resin (see Figure 301).
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRFOI1

HELIHX

BRFO1

using CemTies

HCT
HLB

Grade 316 stainless steel structural pin

HeliBond |Injectable cementitious grout

1. Mark the locations for the CemTle pins onto tha face of the
wall at the required spacing.”

2. Drill a12—14mm @& clearance hole, or a 14-18mm & hole
the CemTle Is longer than 450mm, at tha required location
and to the spaciied depth.”

3, Clean out all dust from the hole and thoroughly flush with
water. Where the substrate |s very porous or flushing with
water |s Inapprapriate, use HellPimer WB. Ensure the hole is
damp or primed pror to commencing step B.

4. Attach the required length of CemTle Pinning Nozzle to the
Helliix Pointing Gun.

8, Mix HeliBond cementitious grout thoroughly uging a drill and
mixing paddle and lead Into the gun.

8. Pump grout to fill the nozzle.

7. Wind the CemTie into the nozzle and ensura that it is fully
covered in grout. (Altemnatively, fill the hole with grout and
wind the CemTie into the grout-filled hole.)

& Insert the nozzle to the full depth of tha drilled hole and
pumnp the grout. Slowly withdraw the nezzle while pumping.
The GemTie will be carrisd out with the HaliBond grout as it
is forced through the nozzle. Back pressure will help to push
the nozzle back out of the hole.

. Maka good all hcles at the surface using either a mixture of
sand, cement and oxide colouring to match the original
surrounding brick surfaces or a silicons sealant coated with
brick dust or drillings.

10. Clean tools with clean, fresh water.

£\ Aiways Jocate, identify and Isoleto any slectrical, warter or gas

services which may be prassnt in the wall or the wall cavitfas and

can pose a safety risk before driiling or culifng. Always iake the
vy safely pr it Use safaly gloves and

wear appropriate foolwear and ayeweer.

Repair of delaminated or separating
masonry in a rubble-filled or solid wall

For drilling SDS rotary hammer drill 650/700w
For mixing HeliBond Crill with mixing paddle

For ingertion of the CemTies ..o Helifix Pointing Gun with
GemTie Pinning Nozzle

The folowing criteria are to be used uniess specified ctharwiss:

A. CemTies ars to be inslalled at a minimum denaity of approx. 2.8 tiee'm"
(approx. 6D0mm harizental and G00mm vertical spacing).

B. The denslty Is to be Incrassed around cpenings with thes placad at a
maximum 300mm vertical spacing and 225mm back from the opening.

G. Daprth of hole to be CemTie length + 25mm. CemTies shoukd be
embedded to a minimum depth of 75mm Into the far leat.

D. In hot conditions ensurs the masonry is well wetted or primed to prevent
premature drying of the HellBond due 1o rapld de-watering. ideally
additional wetting of the hole should ba carmed out |ust prier to Inserting
the CamTie.

Tha above apecification notss ars for gsneral guldancs only and

Hellftx reservas the right to amend detalle/notes as necassary.

= Helifix preduct details available at www helifix.com.au.
# If your application differs from this repair detail cr you require specific
technical information, call Helifix on 1300 66 70 71.

-
=1
@

EXAMPLE SPECIFICATION

STABILISING A SOLID WALL

Material: CEMTIE &
Preduct code: HGT8

8rant Dis. GemTIES (HCTE) TO BE INSTALLED INTO CLEARANCE HOLES
usING HELIBoND INJECTABLE GEMETMIOUS GrouT (HLB). CEMTIES TO BE
EUFFICIENTLY LOMG TO EXTEMD TSMM INTO THE Fan LEAR. CEMTIEE TO BE
INETALLED AT A VERTICAL AND HOREZONTAL EPACING OF MOT mone BOOMM
CT8. CLEARANGCE HOLES TO MESSURE 12-140M I DIAMETER.

SECTION A ELE:’;’ATION
~ Tner I covme HELIFIX (AUSTRALIA} FTY LTD
TYPIGAL SOLID WALL TYFE AND GEMTIE APPLICATION
TTEM | CODE | DESCRIFTION SCALE 1:20___| DWG No. BRFOT-EXS| __ SHEET 1 of 1
TEL. 1300 668 70 71 HELIFIX {AUSTRALIA) PTY LTD
Copyright © Hellfix Limited 2009 Unit 24, 34-36 Ralph Street = Alexandria « NSW « 2015

Figure 298
Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRFOZ/BRFO3

HELIHX

Repair of brick-faced random
stone walls using CemTies through

Grade 316 stainless steel structural pin

HeliBond |Injectable cementitious grout HLB

=

. Mark the positions for the holes on the outer face of the wall.

(Refer to the Specification Notes for typlcal spacing
requirements.)

Drlll a 12-14mm @ clearance hole, or 16mm & if the CemTle
I longer than 450mm, at the required location, through the
brick face of the wall and Into the back-up materal to the
speciied depth. (Refer to the Spechication Notes for typlcal
depth requirements.)

Alternatively, to avold marking the brick faces, the hole
should be drilled through the perpendicular mortar joint
between two ad|acent bricks. The hole should be angled
eithar upwards {as shown) or downwards to pass through
the brick and then continue Into the back-up materlal.
Clean out all dust from the hole and thoroughly flush with
water. Where the substrate |s very porous or flushing with
water |8 Inappropriate, use HellPrimer WB. Ensure the hole s
damp or pimed pricr to commencing step 8.

Attach the required length of GemTie Pinning Nozzle to the
Hellfix Pointing Gun.

Mix HellBond cementitlous grout thoroughly using a drill and
mixing paddle and load Into the gun.

Pumnp grout to fill the nozzle.

. Wind the CemTis into the nozzle and ensure that it is fully

covered in grout. (Altemnativaly, fill the hole with grout and
wind the CemnTie irto tha grout-filled hole.)

f— [ — g

| I b |

\ f— L=

o [ N |

e[ - -

y—| 2 |

[— _
ELEVATION  Brick face repair, BFRO2  SECTION

= == |

—  ——

- | =i

et | i

| —

e — —

T J— -

| |

1 l o -
ELEVATION Hidden repair, BFRO3 SECTION

For drilling SDS rotary hammer drill 50/7 00w

For mixing HeliBond

For insertion of the CemTies ... e Helifix Pointing Gun with
GCemTie Pinning Nozzle

Drill with mixing paddle

The following criteria are to be used unkess specified otherwise:

8. Insert the nozzle to the full depth of the drilled hole and
pump the grout. Slowly withdraw the nozzle while pumping. A. The density of the tiss will depend upon the condition of the masonry
The CemTie will be carried cut with the HeliBond grout as it and the loading thet It Is axpacted to withstand. Typleally, CemTles
is forced through the nozzle. Back pressure will help to push should be installed at a minimum density of 2.8 tiss/m2 {approx.
the nozzle back out of the hale. B :hmmm hr:”:xfmﬂxlmﬂl mﬁ:ﬁ;&mmm rialng)-st be sufficlent to
8. Make good all holes at the surface using either a mixtura of pr:wm secumngonnectiun (pti:‘t:e:ltin: m;.‘ gs Tequired).
sand, cemant and oxide colouring to match the original C. Depth of hale to ba CamTie langth + 25mm.
surrounding bncl_( surfaces or a silicone seelant coated with D. CemTles are to be Installed at an angle of 0° o 40° when follawing the
brick dust or drillings. Maka good the crack using an hidden repair detail to allow sufficiert fixing in the brick facing.
appropriate Helifix bonding agent or filler depending on the E. In hot conditions ensure ths masonry is well wetted o primed to
width of the crack. prevent premature drying of the HellBond due to rapld de-watering.
p Ideally additional wetting of the hole should be carmied out just prior
10. Clean tocls with claan, fresh water. ta Inserting the CemTie.
NOTE i diamond core driifing Is usad, the Internal surface of the The above apecification notas are for general guldancs only and
hole must be roughened to ensure # good bond. Hellfix regerves the right to amend dedalle/notes as necessary.
&Mm ldenilfy and Izoiate any slecirical, water or gas
sarvices which may be presant In the wall or the wall cavities and
©an pose 8 safely risk before driling or cullfng. Always lake the
’af‘w" il Use sloct I safety gloves and = Helifix product detalls available at wwow. helifix.com.au.
SRR e = I your application differs from this repair detail or you require specific
technical information, call Helifix on 130066 70 71.
TEL. 1300 &66 70 71 HELIFIX (AUSTRALIA) PTY LTD
Gopyright © Hellfix Limited 2009 Unit 24, 34-36 Ralph Street » Alexandria « NSW » 2015
Figure 299

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRTO1

HELIHX

BRTO1

Stainless stesl dry pinning system HDF | b [

1. Mark the locations for the DryFix ties onto the face of the
wall at the required spacing.” Wherever possible, the holes i Il A
should be diilled directly Into the masonry, but they may also
be driven Into the exising mortar provided that this ls strong
and In good condltien.

2. Ddll a 5mm @& pllot hole through the near leaf and Into the
remote leaf to the specified depth using a light-weight S:DS
hamrmer drill sat to a slow spaad and light hammer only. A
rotary percussion 3-Jaw chuck drill may be prefarred Hf the
masonry s paricularly soft or thin and prone to excessive
spalling. A 8mm or 8.5mm @ pliot hola slze may ba prefemed
if the masonry is particularly hard.

3. Attach the Hellflx Powar Driver attachment to an SDS
hammer drlll set to a slow speed and light hammer only.
(DryFix ties are self-tapping and will work themselves Into
the wall following the hammer acticn of the drill.}

4. Load the DryFix tle Into the power driver attachment.

8. Bupport the power driver attachment with one hand, while
using the other to work the drlll, and drive the DryFx tle Into
the pre-drilled pliat hole to approximately 10mm beyond the
surface of the near leaf.

E. Make good the hole using etther a mixture of sand, cement

and oxlde colouring to match the ordginal summounding brick
surfaces or a sllicone sealant coated with brick dust or

Rotary percussion or SD'S rotary hammer
drill 850/700w

SOS retary hammer drill

and DryFix Power Driver attachment

For drilling

Forir

The fcllowing criterla are to be used uniess apectiied otherwise:

A. DryFix ties are to be installed at 600mm vartical and horizontal
cafires Inte continuous brickworik. Tles are to be Installed at 300mm
carmines around openings (8.g. around windows).

B. Depth of pliat hole to ba DryFix te length + 10mm.

€. DryFix length to aqual near brick width less 10mm + cavity width +
far leaf embedment depth. Typically, ties should be sufficiently long

driliings. to smbed 35-70mm Into the remote leaf depanding on ita hardness,
with harder materials requiring less embadmert. Typically, an
embecdment of 60-70mm lsto be achlsved when Installing Inta
NOTE. Avoid leening or i ity on the drill during commean, dry-pressad or extruded brickwork.

D. Ties may be installed from sither side of the wall.

The above specification notes are for general guidance only and
Heliftx resarvas the right to amend detalis/notes as necessary.

oparstion fo ansure tha accuracy of the hola's dismeter and o limit
spaifing of the near leaf as the diriil breais into the cavily.

/\ Afways locats, Identify snd lsokste any lectrical, wator or gas
services wivch may be prosomnt i the wall or the wall covilios and
can pose a safoly risk befora driliing or cutiing. Alwaya lake the
Usa sfectrical safsty gloves and

= Helifix preduct details available at www, helifix. com.au.
= Ifyour application differs frem this repair detail or you require specific
technical information, call Helifix on 1300 66 70 71.

50 mm

10 mm

4 =
nomm 110 mm 110 mm Nnomm o 110 mm
T LE R T 1 LI I
250mm CAVITY BRICK/BLOCK WALL 220mm SOLID WALL
Material: DRYFIX 8 x 135 Material: DRYFIX 8 x 170
Preduct code: HDFBx195 Preduct code: HDFEx170

270mm CAVITY BRICK WALL

Material: DRYFIX 8 X 220
Product code: HDFBx220

DrrFix Brm oia. % 220mm L. (HOF8x220) TIEs 10
BE INSTALLED AT B00MM WERTICAL AND HOTIZONTAL
TS ON OPEN BRICK FACES, AND 300 MM CT8 AROUND
OPENINGE. TIES To BE ORvEN B0-70MM INTO THE
REMOTE LEAF AND RECESSED 10MM BELOW THE FAGE
OF THE NEAR LEAF.

DrerF i 8mma D, % 19500 L. (HDF8x185) TiEs 7o BE
INSTALLED AT BO0RM VERTICAL AND HORIZONTAL CTS ON
OPEM BIIGK FACES, anD 300mm TS ARoUND
OPENINGS. TIES TO CONMECT WITH THE MEAT WES OF THE
BLOCK AND TO BE RECESSED 10MM BELOW THE FAGE OF
THE BRICK LEAF.

DrvFis 8 oia. £ 17000 L. (HDFBx170) TES TO
BE INSTALLED AT GO0 MM WERTICAL AND HORIZONTAL
T8 O OPEM BRICK FAGES, AND 300mMM CTS anouND
OPENINGS. TIES T2 BE ORIVEN B0-70mm INTO THE
REMOTE LEAF AND RECESSED 10MM BELOW THE FAGE
OF THE NEAR LEAF.

1 HDF DRYFIX

ITEM] CORE | DESCRIPTION H E ll [ I x

HELIFIX (AUSTRALIA} FTY LTD

TYPICAL WALL TYPES AND DRYFIX APPLICATIONS

SCALE 1:20

[CWGNo. BRTGI-EXS |

SHEET 1 of 1

TEL. 1300 66 70 71
Copyright © Hellfix Limted 2009

HELIFIX (AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandrla » NSW = 2015

Figure 300

Source: http://www.helifix.com.au/masonry repair_details.html
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Retrofitting House Foundations to Resist Earthquakes

REPAIR DETAIL BRTD2 HE[I[IX'

Replacing wall ties
using RetroTies

RetroTie |Grade 316 stainless steel remedial wall tie | HRT

EpoxyPlus |High performance pure spoxy resin HTE

m.
1.

. Mark the positions for the RetroTle pllot/clearance holes on

the outer face of the wall.* Wheravar possible, the holas
should be drllled directly Inta the masonry, but they may alsa
be driven Into the exisitng mortar provided that this Is strong
and in good condition.

Drill a 5mm @ pliot hole through the near leaf and Into the
ramote leaf to the specified depth using a light-welght SDS
hammer drll act to a slow speed and light hammer only.* A
rotary percussion 3-jaw chuck drill may be prefered if the
masonry is parlicularly soft or thin and prone to excessive
spalling. A 6mm or 8.5mm & pilot hole size may be preferred
if tha inner leaf is particularty hard.

. Following the same path as tha pliot hole, drill 2 10mm &

clearance hole through the near skin only.

Attach the Hellfix Power Driver attachment or RetraTle
support tool to an SDS hammer drill set to a alow spead and
light hammer only. (RetroTles are salf-tapping and will work
themsalves into the remots wall following the harmmer action
of the drill}

Load the RetroTle Into the power driver or suppart tool.

. Pusgh the RetroTle through the near skin to align the end of

the tle with the opening to the plict hole on the face of the
remote leal.

. If using a power driver attachment, support the attachment

with one hand, while using the ethet to work the drill, and
drive the RetroTle Into the pre-drlled pliot hole In the remote
leaf to the speciiied depth. If using the RetroTle support tool,
slmply drive the tie Into the pliot hole to the speciied depth.
{The RetroTle support tool does not require hand-held
support during operation.)

Place the end of the nozzle of the resin applicator over the
exposed end of the RetroTle In the near leaf. Masking tape
may be placed around the hole to pretect the surface of the
wall from resin splilage. Cloth may also be wrapped around
the nozzle to help seal the epening during Injection and
protect the wall face from spillage.

. Pump the resin applicator to Inject Heltfbx EpoxyPlus resin

Inte the hole. The resin will frack down the tie, following its
hellcal profila. Inject realn untll the hele In the near leaf Is
flled completely.

Allow the resin to gel (normally 15 to 20 minutes}).

Make good the hele using elther a mbdure of sand, cement
and oxide colouring to match the erlginal surrounding brick
surfaces or a sllicone sealant coated with brick dust/drillings.

NOTE, Avoid ing or p ily on the drill during
mmmmwdﬂwmtdhﬂwaﬂdmm
spaifing of the near leaf as the drill brasks into the cavity.
A\ Atways Jocats, identify and Isoiste sny sfectrical, water or gas
sarvices which may be present in the wall or the wall cavitles and
can pose a sately riek before drilltng or cutling. Always take the
y safoty p stions. Use electrical sately gloves and
waar approprizie footwasar and syswaar

For drilling... Rotary percussicn or
SOS rotary hammer drill 650/700w
For ir llation of RetroTie 506 retary hammer drill and

DiryFix Power Driver attachment cr RetroTie support tocl
For injection of Helifix EpoxyPlus resin............. Applicater gun with nozzle

The following criteria are to be used unisas spacified otharwise:

A RetroTles are to ba Installed at 800mm vertical end horizontal centres
into cortinuows brickwarte Ties are to be installed at 300mm centres
arcund openings {e.g. around windows).

B. Tie length to be selacted according to the hardness and thickness of
the masonry and the cavity width. Tles are to be embedded 35-
70mm Into the remoate |sef depanding on the hardness of tha
masonry, with harder meterials requiring less embedment. By
axampla, an embedmant of 35mm will be sufficlant when driving Into
reinforced concrets. Typically, an smbedment of 80-70mm is to be
achleved when Installing Into common, dry-pressad brickworlk.

C. Depth of pliat hole 1o be RetroTle length + 10mm.
D. Ties may be installed from either side of the wall.

The above specification notes are for general guidance only and
Hallfix resarves the right to amend detalls/notes a3 necessary.

& Helifix preduct details available at wwwe.helifix.com.au.
s lfyour application differs from this repair detail or you require specific
technical infermation, call Helifix on 1300 66 70 71.

TEL. 1300 &6 70 71
Copyright © Hellfix Limited 2009

HELIFIX {(AUSTRALIA) PTY LTD
Unit 24, 34-36 Ralph Street » Alexandria » NSW s 2015

Figure 301
Source: http://www.helifix.com.au/masonry repair_details.html

http://www.icomos.org/iiwc/seismic
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Cheung, Moe and Foo, Simon and Granadino, Jaques. Seismic Retrofit of Existing Buildings:
Innovative Alternatives.

This article gives an overview of the use of innovative technologies for economically viable seismic
retrofit as employed by Public Works and Government Services Canada (see Appendix 5). This
article introduces the current nature of dwellings in Canada, explaining that many of the older
buildings do not comply with current codes and are potentially vulnerable. A seismic mitigation
approach is outlined including screening: assessing of buildings and their seismic risk; evaluation: a
detailed investigation to identify the vulnerability of structural and non-structural elements; and
retrofit: upgrading techniques to increase seismic performance and decrease damage. Seismic
hazard mitigation technologies are then outlined. The first is a friction damper, consisting of coated
steel plates, bolted together, as part of a steel brace mounted in a bay of a column-beam frame. A
fluid viscous damper is a passive device which can reduce seismic loading on the structure of a
building. Carbon fibre reinforced plastic can be used to wrap structural elements to increase
strength and ductility without altering the stiffness. Fibre reinforced cement, composed of
fibreglass mesh or a grid and a layer of fibre reinforced cement laid over an unreinforced masonry
wall to increase strength and ductility. External prestressing involves wrapping structural columns
with prestressed cable strands which increase strength without increasing stiffness. These
techniques are outlined and then their use across different building case studies is documented.

This article gives a comprehensive outline of each technology, however, no details are given and
many methods are not appropriate for small scale buildings and timber frame dwellings in New
Zealand.

http://jacobssf.com/Final_Liner_Spring 2009 0

This resource is a newsletter published by Jacobs Associates, who provide civil engineering
consulting services, specialising in design and project management for subterranean projects. The
first article examines the construction process of a 90-foot long, 36-intch-diameter trenchless drive
to run beneath three active railway lines in Skykomish, Washington. A geotechnical investigation
of the site was of paramount importance and data used to evaluate the feasibility of differing
construction methods. Obstructions were also noted and mapped. The second article outlines a
tunnel examination carried out on the 55 132 foot long Canyon Power Tunnel. Features were
located to be documented and any loose rock assessed. Photographs, videos, recording devices and
measurements are all vitally important. CADD images of the tunnels are then created. Although
these articles do not specifically relate to seismic retrofit of dwellings, they do emphasise the need
to understand site and soil conditions and the existing structure before attempting any remedial
activity. This is very relevant to the process of seismic retrofit in New Zealand.

http://www.jtdweb.org/journal/2001
Katagihara, Kenichi. Preservation and Seismic Retrofit of the Traditional Wooden Buildings in
Japan.

This article begins by introducing the structural system of Japan’s traditional buildings. This

consists of the development of the wooden structure through Japan’s history. The structural
elements of the framework are then broken down into components (see Figure 302).
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Figure 302
Structural Elements
Source: http://www.jtdweb.org/journal/2001

The assembly of these elements leads to a flexible, yet tough, structural frame. The investigation
then documents a dynamic analysis conducted on the structure of a temple and the technical
methods for seismic retrofit are analysed. A connecting type damper is selected as the ideal
method, to increase the internal viscous damping of the building and improve seismic performance.
A 3-D model of the proposed retrofit is developed (see Figure 303), the results indicating that the
viscous damping ratio increases from 5% to 15% after retrofit and the deformation decreases by
25%.
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Figure 303
Analytical Model for Actual Temple
Source: http://www.jtdweb.org/journal/2001

This is a technique and method of application carefully developed for the unique structural system
of traditional wooden buildings, thus it may not be relevant to New Zealand dwellings. However, it
does emphasise the need to carefully consider retrofit measures for each individual situation which
IS very relevant to this report.

http://www.laquakeproofer.com

This is a website set up by Weinstein Retrofitting Systems, who specialise in earthquake-proofing
dwellings in the Los Angeles and San Fernando Valley areas. They use select hardware fittings to
retrofit foundations (see Figure304). Although this website does not delve into further details on
these connections, it does demonstrate that many contractors are specialising in the retrofit area and
utilise a selection of purpose made hardware to complete these projects.
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Figure 304

1. Foundation Joint Anchor
2. Cripple Wall Bracing
3. Retrofit Anchor
4. Foundation Bolting
5. T-Strap Tie
6. Framing Anchor
7. Water Proofing Protection
8. Crawl Space Protection
9. Drainage Systems
10. Foundation Replacement & repair
11. House Leveling
12. Caissons Work

Source: http://www.laquakeproofer.com

http://www.mii.com/newzealand/

This website is divided into four main sections: gang-nail truss systems, gang-nail lintels, beams
and floors, BOWMAC structural brackets and LUMBERLOK timber connectors. The specialist
section on timber fixings which is most relevant to this report. Specifically tailored to subfloor
fixings, MiTek has developed a range of applications for its timber connectors.

For braced piles and anchor piles MiTek details the following fixing (see Figures 305, 306, 307,

308 and 309), which must have lateral lines of support to floor joists within 300mm of bearer or
bracing lines, as per NZS53604:1999.
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CT160 CLEATS GALV. OR ST. STEEL
{& PER PILE)
3 NAILS INTO BEARER AND JOIST

2 x 90mm GALV. OR
ST STEEL MAILS
SKEW DRIVEN

12kN

Mail Frag

Mail Free
Areas

2 x 90mm GALV. OR
ST. STEEL MAILS SKEW —
DRIVEN UP INTO THE
BEARER

2x GALV. OR ST. STEEL —§—
MAILON PLATES.

3 MAILS INTO BEARER
AND PILE

SQUARE PILE —3—»

Anchor/Brace
Pile Shown Kﬂ\/v‘/

(an internal kracing line)

Figure 305
Anchor/Brace Pile Connection
Source: http://www.mii.com/newzealand/

External Eracing Line Left Hand Shown
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CT160RH e
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4 g =
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140mm min. Bearar must ba Joist skew nails
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onto Pila.
Figure 306

External Bracing Line Detail

Page 285 of 332


http://www.mii.com/newzealand/�

Retrofitting House Foundations to Resist Earthquakes

Source: http://www.mii.com/newzealand/

2 x Wmm Galv. or Stainless Steel (H.C)
Mails skew driven iy: Bearear.

4 x CT160 Cleats per Joist
2 Mails per Joist and Bearer

2 x Nailon Platas
Tmrn % 160mm long per joint
& Maik into Pile and Bearar

2 % 90mm Mails skew driven
up into Bearar. 1 each side.

Square Pile
Figure 307

Square Pile Connection Detail
Source: http://www.mii.com/newzealand/

Mailon Plata Tmrmx 160mm long (e 12kN Pack)
& Mails per end. Mo Mails within 18mm of timber edge.

ist o 12kM _
Joist | <;‘> Hail Frea
‘// Arza
, 45 e .

=iy
Lo
\2x90mm

S kaw Mails

per sida.

=— Ordinary Pile

12kN Bearer Splice
Clause 612.7.2
MNZS 26041999

Figure 308
12kN Bearer Splice Connection Detail
Source: http://www.mii.com/newzealand/
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12kM Fixings 12kN Fixings

Braced _ .
T TTTT T 2770
12kN Fixings 12kN Fixings

wnnnn
N\ /

o
E,“E“d_.. = =— Bracad =— Ordinary

Pile Pile

P o

Sample Subfloor Elevations
12kM Fixing - File to Bearer
- Joists to Bearer
Figure 309
Sample Subfloor Elevations
Source: http://www.mii.com/newzealand/

For braced piles and anchor piles of a 6kN fixing, MiTek specifies the following detail (see Figures
310, 311 and 312), which must have lateral lines of support to floor joists within 300mm of bearer
or bracing lines, as per NZS3604:1999.

CT160 CLEATS GALV. OR ST. STEEL
(4 PER PILE) =
3 NAILS INTO BEARER AND JOIST \\\

2% 90mm GALV. OR ST. STEEL (H.C.)
NAILS SKEW DRIVEN

2 1 STAINLESS STEEL
WIRE DOGS PER SIDE

Mail Free
Area
Typical

4 1 90mm STAINLESS STEEL
NAILS SKEW DRIVEN

2 UP INTO THE BEARER

2 DOWN INTO THE PILE

SQUARE PILE—m

(on internal bracing line)
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Figure 310
Cantilever Pile from Internal Bracing Line
Source: http://www.mii.com/newzealand/

2% 90mm Galv. or St. Steel (H.C.) 4 ¥ CT16D Claats per Pile
Mails skew driven into Bearer. 3 Mails par Joist and Baarer

20 Nail Free

Aroa Bearar
Scarf square
Pila faca for—"| \\_4 « 80mm
1 Wire Dogs
e N i Stainless Steel
4 x Stainless Stoel (Maxc.) | i Pl Baarer
Wire Dogs far joint 0—A+22 bt a0 1 sach side
Figure 311
Square Pile Detail
Source: http://www.mii.com/newzealand/
_ Joist gik%ew nlail_s
-1 L ClE
CTG0RH i amitted for clarity

CT160LH

4 Skew Mails

44— Round Pile Shown
{140mm min.)

Figure 312
External Bracing Line Connection Detail
Source: http://www.mii.com/newzealand/

MiTek also details a 12kN retrofitted subfloor fixing (see Figure 313), to be used when the outside
face of the bearer is not acceptable. The fixing is available in stainless steel to minimise corrosion
in coastal areas.

Page 288 of 332


http://www.mii.com/newzealand/�
http://www.mii.com/newzealand/�
http://www.mii.com/newzealand/�

Retrofitting House Foundations to Resist Earthquakes

1L
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f _ ji
e |
[ \— Bearer
.»-"’f Round

pile

LUMEERLCK Retro Plate
55 X 55 x 160mm hot dip galvanisedk
Fix with 3 % Type 17-120 x 35mm

s

=

gg hex head screws into floor joist and

5;} hearer,

;-""'-'4 Floor

joist
LUMBERLOK Retro Plate
100 x 100 % 120mm hot
dip galvanised, ~roay
Fix with 2 x Type 17 -129 x 35mm i \_ Bearer
hex head screws into pile and bearer, Square
4/_ pile
Figure 313

Retrofitted 12kN Connection Detalil
Source: http://www.mii.com/newzealand/

http://www.ncpdpindia.org

Desai, Rajendra. Case Studies of Seismic Retrofitting — Latur to Kashmir and Lessons
Learnt.

Presented as part of the International Conference of Construction “Managing Earthquake
Risk”, India, 2008, Jan.

This article examines retrofitting in India across for case studies: the first, a house in a village in the
Latur region, the second, a Road and Building Department Office in a small Gujarat town, the third,
a small school in mountainous Kashmir and the fourth, a large, three storey school of the Delhi
Municipal Corporation in Delhi. Each case study is described in terms of its building system.

The first case study was retrofitted with cast in situ reinforced concrete stitching elements and a
reinforced concrete band in the roof. Problems encountered include little retrofit expertise available
and specific skills required for the stitching elements which was difficult to obtain.

The second case study was retrofitted with stitching elements also, a seismic belt at eave level,
vertical reinforcing bars at wall junctions, encasing of wall openings with seismic straps and tie
bracing in the roof. Problems encountered include absence of awareness of retrofit significance and
skills.

The third case study was retrofitted with stitching elements, a seismic belt and vertical reinforcing
bars also, as well as anchoring of attic floor to walls with vertical rebars and MS brackets.

Problems encountered were similar to the second case study, with added difficulties of accessibility
to the site, procurement of materials, security checks and unreliable power supply.
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The fourth case study was retrofitted with a seismic belt at lintel and sill level, vertical reinforcing
bars at wall junctions, encasing of wall openings and jacketing of masonry columns. Problems
encountered included exercising caution for the safety of the schoolchildren and the unavailability
of skilled masons and labourers.

These retrofit case studies yielded lessons in regards to how retrofitting is carried out. These
include notions to employ in the future, such as increasing the awareness of retrofit in at risk
communities, regular onsite training in retrofitting needs to be promoted, retrofitting skills must
become easily available, materials required for retrofitting must become easily available and
documentation systems need to be standardised to ease communication. This article is very relevant
to this report as it illustrates the care and expertise necessary for seismic retrofit of ay kind and
yields information on common retrofit practices utilised in other areas of the world, such as here in
India.

http://www.pryda.co.nz

This website has a designer toolbox with details divided into eight main categories, including roof
framing tie down connections; truss to truss connections; wallplate to stud joint fixings; lintel and
beam fixings; girder to foundation tie down path; foundations, subfloors and bottom plates; roof and
wall; and floor trusses. Within foundations, subfloors and bottom plates, details are presented for
pile bearer kits, internal concrete foundation support systems and bottom plate fixings.
Unfortunately the majority of these details involve nail plates, which are not ideal for retrofit details
as space is often too tight to allow use of a hammer. However, one detail (see Figure 314) may
prove useful; describing the fixing of sheet bracing to the dwelling which does not have the same
space restrictions as the subfloor in terms of retrofitting.

SHEET BRACE STRAPS Consent Doc. Ref.

% 6kN application BP1

Product Code: SBS300, SB5400,
SBS600

Durability: Mild steel strap fixing
complying with the requirements of
NZS3604:1299 for a 6kN Capacity
Strap.

ez
(1]
0
0
]
0 | Suitable for closed walls. Stainless
o 0/ steel also available.
@‘“ Application: Nail with 6 nails each
0
Y @
pYda ¢
0

end of strap for 6kN capacity fixing.

Use Pryda product nails (30 x 3.15
Hot Dip Galvanised Bracket Nails)

Figure 314
Sheet Brace Strap Detail
Source: http:// www.pryda.co.nz
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http://www.pwri.go.jp/eng
Unjoh, Shigeki and Terayama, Toru and Adachi, Yukio and Hoshikuma, Jun-ichi. Seismic
Retrofit of Existing Highway Bridges in Japan.

This article documents several technological developments for the seismic retrofit of highway
bridges in Japan. The article begins by introducing Japan’s seismic history and the development of
seismic design codes and seismic design practices. This is followed by sections on the Hyogo-Ken
Nanbu earthquake; the seismic repair program after the Hyogo-Ken Nanbu earthquake (in principle,
including design principles, ensuring enough tie reinforcement in concrete piers and increased use
of rubber bearings to absorb relative displacement); and the research and development on seismic
evaluation and retrofit of highway bridges. This section details notes on seismic retrofit of wall
type piers with a steel H-shaped beam, intermediate anchors or additional reinforcement (see Figure
315). Seismic retrofit of two-column bents is suggested to be carried out with jacketing, using
materials of high elasticity and strength (see Figure 316). These same materials are suggested for
use in reinforced columns (see Figure 317).
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Cover Concrete
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(a) Integrated Seismic Retrofit Method with Reinforced Conerete and Steel Jacketing
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Reinforced Concrete
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Cover Concrete
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Anchor for Flexural Enhancement
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(b) Reinforced Concrete Jacketing . (c) Steel Jacketing
Figure 315

Seismic Retrofit of Wall Type Piers
Source: http://www.pwri.go.jp/eng
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E Anchor for Flexural Enhancement

(a) Steel Jacketing (b) Reinforced Concrete Jacketing

Figure 316
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Seismic Retrofit of Two-Column Bents
Source: http://www.pwri.go.jp/eng

Enhancement of Shear

o Enhancement of Ductility

Figure 317
Application of New Materials to Reinforced Column
Source: http://www.pwri.go.jp/eng

Tables are also provided which detail past bridge design methods and their evaluation, and charts to
determine seismic vulnerability (see Appendix 6). Although this article is related closely to bridge
retrofit, it does emphasise consideration of methods used in retrofit, application of new technology
and thorough analysis of the individual situation, which is very relevant to this report.

http://lwww.servicemagic.com/article.show.Retrofitting-Basements

The article at this web address has been written by Bill Brown, a specialty concrete contractor based
in Saratoga, California. He describes the retrofitting of basements in California, where owners wish
to build a new basement and due to height restrictions decide to add downward to create this extra
space. This article outlines step by step how a basement storey is built without major disruption to
site or structure.

Stitch piers are often used. “OSHA rules for shoring or sloping vary for different soil conditions. A
typical basement excavation in reasonable soil will allow the lower 5 feet of the cut to stand vertical
without shoring, with the balance to grade sloped back at a minimum of a 1-to-1 pitch. That's fine if
you have the room, but it can be a problem when the house has a narrow side or back yard setback.
If the excavation is 10 to 12 feet deep, for example, the back slope required is 5 to 7 feet -- an
impossible demand when the setback is only 5 to 6 feet.”™"" Dealing with tight lots, often the
process is to shore the face of the soil to allow the vertical distance of the excavation. Stitch piers
are placed around the perimeter of the foundation; these act as bearing points for the steel beams
that support the house during excavation. Once the basement is completed the stitch piers are
redundant.

™ http://www.servicemagic.com/article.show.Retrofitting-Basements
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The stitch piers are usually spaced four to five feet apart, allowing the installation of steel shoring
beams on eight to ten feet centres, with every second pier supporting the end of a beam. A house
moving sub uses heavy duty jacks under the beams to transfer the structural load from the original
foundation to the temporary piers (see Figure 318). Excavation then takes place (see Figure 319).
When the layout of the site does not allow for free span shoring, crib shoring will be used. This is a
square wood frame with interior diagonal braces, stacked under beams for support (see Figure 320).

Figure 318
The steel beams that temporarily support the structure are inserted into holes that have been jackhammered through the
stem walls. Once the beams have been raised into position with jacks and shimmed into place, the jacks are removed
and the original foundation is demolished
Source: http://www.servicemagic.com/article.show.Retrofitting-Basements

Tracked skid-steer loaders are preferred for working beneath the house because they're highly manoeuvrable and
provide excellent traction. The skid-steer pushes the excavated soil to an opening, where it's scooped up by an excavator
and loaded into a waiting dump truck
Source: http://www.servicemagic.com/article.show.Retrofitting-Basements
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Figure 320
Where full-length shoring beams are impractical, shorter beams are supported by cribwork as needed. No stitch piers
were required to support the solid soil forming the face of the excavation shown here. The concrete vault will eventually
house a sump pump
Source: http://www.servicemagic.com/article.show.Retrofitting-Basements

The area is then provided with drainage and waterproofing and the slab poured (see Figure 321).
Basement walls are formed and concrete poured or, if space is tight, shotcrete will be used (see
Figure 322 and 323).

Figure 321
A two-layer rebar grid reinforces the structural slab against seismic loads and eliminates the need for pad footings
beneath point loads. After the slab has been poured, drain mat and waterproofing membrane will be applied to the face
of the excavation -- which has been stabilized with stitch piers -- and shotcrete will be gunned against the bank. The
above-grade portion of the wall will be backed by a single-sided form. To avoid puncturing the slab membrane with
grade stakes, the screeds that will be used to level the slab are supported with temporary lumber braces nailed to the
overhead joists
Source: http://www.servicemagic.com/article.show.Retrofitting-Basements
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Figure 322
Gunning shotcrete against a single-sided form, rather than directly against the excavation, provides space for stone
backfill and affords more control over the waterproofing on difficult sites
Source: http://www.servicemagic.com/article.show.Retrofitting-Basements

Figure 323
Formed shotcrete walls are waterproofed with a layer of Paraseal membrane -- visible near the top of the wall --
followed by dimpled drain mat. The upper edge of the drain mat will be secured with a termination bar provided by the
manufacturer. The worker visible at top is standing in an excavated void reinforced with stitch piers
Source: http://www.servicemagic.com/article.show.Retrofitting-Basements

Although this article is an expensive retrofit measure to extend the home rather than earthquake-
proof it, it does explore methods to deal with tight spaces and privileges excavation to ease tight
subfloor areas.

http://lwww.sika.ca/con-bro-carbodur_composite_systems
Sika is a company which specialises in construction where building or maintaining a structure

requires specialist concepts and technologies. Integrated system solutions are emphasises, and these
solutions include concrete admixtures; supporting products; structural strengthening solutions;
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epoxy resins; waterproofing solutions; and tunnelling.*** The structural strengthening solutions are
covered in the Sika brochure, which firstly details reasons for strengthening, including corrosion of
reinforcement, corrosion of prestressing cables, inadequate design, modified standards and codes,
excessive cracking of concrete and seismic retrofitting.™ Sika suggest use of FRP fabrics, which
are “uni- and/or bidirectional fabrics with carbon, glass and aramid fibres.”""""" These are useful
for seismic retrofit and to increase shear strength. CFRP Plates are also suggested, which are
carbon plates produced by pultrosion processes and are useful for increasing flexural and shear
strength for dynamically loaded structures. Sika systems have been designed to incorporate these
products (see Figure 324 and 325). Sika is producing products specifically designed for retrofit
application and continue to conduct research and development in this area. This may be relevant to
seismic retrofit of New Zealand dwellings now or in the future.

Sika® Systems

Flexural Strengthening with

M Sika" CarboDur® CFRP plates
Sika® CarboHeater, haating
denica for rapid applicstion

m Sika" CarboDur” prestressed
CFRP plates

m SikaWrap® FRP fabrcs

Shear Strengthening with
M Sika" CarboShear" L CFFP plates
M SikaWrap® FRP fabrics

W SikaWrap"® FRP fabrics

+———— ssaWnp®

All Silea® Compesite materials are bonded with Siladur® High strength epoxy adhesives

Figure 324
Sika Systems
Source: http://www.sika.ca/con-bro-carbodur_composite_systems

5% http://www.sika.co.nz/home
" hitp://www.sika.co.nz/home
Ui hittp://www.sika.co.nz/home
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CFRP Plates System Components

Sika’ CarboDur Type § Type M Type H
CFRP plates Elastic modulus 165 000 M/mm 210000 Nmm 00000 Nimm
Tensile strength D00 N/mm 2800 N/mm 1350 Nfmm
Sika" Prestressing Frastressing of Sika” CarboDur” 200 kN (20 tons) with Sika® StressHead o
Systems Sika" LEOBA CarboDur’ pes ;
Sika' CarboHeater Fast apphcation (2 — 3 hrs) of Sika™ CarboDur” plates
Heating device
Sika" CarboShear’ L Min. tensile load 126 KN/AD mm width
L-shaped CFRP plates Elastic modulus 120000 Nfmm
Sikadur Sikadur-30 Sikadur-=30 LP Sikadur-41
Epoxy adhesives lication temperature 10-35°C 25-55°C 10-35"
and mortars 12 800 WN/mm 4000 N'mm
4 Nimm - 4 Nimm
(concrete failure) {concrete failure)
lise FPlate adhesive Plat Repair mortar
Fabrics System Components
SikaWrap Sen actorn, Unidirectional waven and non-
FRP Fabnics i irban
5 and 300 to 600 g/m’ for
ns are available on request
Sikadur fab : d Sikadur” impregnating resins that are all suited for the most
Epoxy impregnating resing common substrate types. are all suited for the most common substrate types

Figure 325
Sika Systems Components
Source: http://www.sika.ca/con-bro-carbodur_composite_systems

http://www.sika.co.nz/nz_con_conbro_sika tunnellingandmining_overview

This article explores Sika’s specialty groups concerning construction chemicals, equipment
solutions and waterproofing systems. Sika’s concrete admixtures and supporting products for
tunnelling include Sigunit —L53AF, SikaTard 930, Sika ViscoCrete 5-555 and Sika ViscoCrete SC-
305.

Sigunit —L53AF is a high performance alkali free accelerator for shotcrete in liquid form. Itis to be
used in applications such as shotcrete with high initial strength, in shaft and gallery construction, in
lining stabilisation and underground works and for rock and slope stabilisation.

SikaTard 930 is an admixture which controls cement hydration: it facilitates stabilisation of the
concrete mix for long periods. Its applications include shotcrete applications and where the
prevention of hydration is required.

Sika ViscoCrete 5-555 is a polymer based high range superplasticiser for ready mix and precast
concrete. It is used where extreme water reduction, excellent flowability and optimal cohesion is
required.

Sika ViscoCrete SC-305 is a superplasticiser with set retarding and mix stabilising properties. Its
use will result in a reduction in water and cement content, better pumpability and reduced pumping
pressures and a better dispersion of accelerators to increase early strengths.

Sika has also developed products for tunnel waterproofing, including SikaPlan, SikaSwell s2 and
Sika Waterbars. SikaPlan is a waterproofing membrane with a high resistance to ageing, natural
aggressive mediums in ground water and soil and mechanical impact. SikaSwell S2 is a
polyurethane sealant that swells in contact with water and is permanently water resistant. Sika
Waterbars are soft PVC or FPO waterbars which seal construction and expansion joints in concrete
structures.

Although not specifically related to retrofit, this resource is relevant as it details the development of
subterranean technologies and products which may in future be useful in foundations and basement
areas of dwellings.

Page 298 of 332


http://www.sika.co.nz/nz_con_conbro_sika_tunnellingand�

Retrofitting House Foundations to Resist Earthquakes

http://www.sika.co.nz/nz_con_conbro_sika tunnellingandmining_brochure

This brochure is a more in depth resource than the Sika Tunnelling and Mining overview
publication. It details the same Sika concrete admixtures for tunnelling, as well as some
additional products: Sika Rugasol C, SikaFilm and Separol WB230. Sika Rugasol C is used
to improve adhesion between concrete panels; SikaFilm retards moisture evaporation from
the concrete surface and acts as a finishing aid; Separol WB230 acts as a bondbreaker
between formwork or moulds and freshly placed concrete. Examples of tunnels that have
used Sika products are outlined in this brochure, including in Isilisberg, Switzerland, at NBS
Frankfurt, Germany, and at DMRC, India.

Sika tunnel waterproofing products are also covered in this resource, giving their
specifications also. Although this resource does not specifically relate to dwelling retrofit,
it does explore new products which may be useful to subfloor and foundation projects in the
future.

http://www.simpsonanchors.com

This website has been set up by Simpson Strong Tie Anchor Systems, a company specialising in the
manufacture of anchors for cracked and uncracked concrete, and utilised in many retrofit projects.
These anchors will be specified in a project if conditions exist that may cause the concrete to crack,
in line with the new 2006 International Building Code. These anchor systems include the Strong-
Bolt, the IXXP Anchor, the Titen HD anchor and SET-XP epoxy.

The Strong-Bolt is a wedge anchor, providing reliability in performance in cracked concrete under
static and seismic loading (see Figure 326). It has a tri-segmented clip which may be attached and
adjusted independently increasing follow-up expansion should the hole increase in size as a result of
a crack. Dual embossments on each clip segment allows the clip to undercut into the concrete
should a crack occur.

FREFERRE PR BERE FE T bbb
L T T T TR TR T T ey

ey

-

Figure 326
Strong-Bolt
Source: http://www.simpsonanchors.com
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The IXP Anchor is a torque-controlled adhesive anchor, used with Simpson Strong Tie SET-XP
epoxy. It has a conical shape (see Figure 327) which allows it to mimic the follow up expansion
behaviour of a torque-controlled expansion anchor when tension-zone cracks occur in the base
material and intersect with the placement of the anchor."""*V The shape also prevents the anchor
from unscrewing.

Figure 327
IXP Anchor
Source: http://www.simpsonanchors.com

Its test criteria are outlined, including:

Seismic and wind loading in cracked and uncracked concrete

= Static tension and shear loading in cracked and uncracked concrete
= Horizontal and overhead applications

= Long-term creep

= Static loading at elevated-temperatures

= Damp holes

= Freeze-thaw conditions

= Critical and minimum edge distance and spacing """

WY http://www.simpsonanchors.com
WY hitp:/lwww.simpsonanchors.com
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Its suggested specifications are also included (see Figure 328).

Nominal Anchor Diameter (inch)
Characteristic Symbol Units
» | v | w |
Installation Information
Drill Bit Diametar d in. 15 %4 3 4
Baseplate Clearance Hole Diameter d; in. 0438 0.563 0.638 0.875
Installation Torque Tt ft-lb 3n 60 100 160
Embed. Depth & Eff. Embed Depth Mo & et in. e 47 6% B
Critical Edge Distance Cac in. 5 TV 10 1214
Minimum Edge Distance [ in. 3 Lo 6% B
Minimum Spacing Smin in. 5 L] 6% 8%
Minimu Concrete i in. 6% 9% 13% 16%
Additional Data
Anchor Category category . 1
Yield Strength fra psi 105,000
Tensile Strength futa psi 125,000
Minimum Tensile Stress Area Hse in? 0.0424 ] 0.0886 0.1414 0.2064

Figure 328
IXP Anchor Specifications
Source: http://www.simpsonanchors.com

The Titen-HD is a heavy duty screw anchor for concrete and masonry (see Figure 329). The non-
expansive characteristics of this anchor make it ideal for structural applications, even at reduced
distances and spacings. It has a high load capacity and vibration resistance as the mechanical
interlock of the threads and the ratchet teeth on the underside of the head help prevent the anchor
from loosening. Less spacing is required as the anchor does not exert expansion forces on the base
material. Serrated teeth on the tip of this anchor facilitate cutting and reduce installation torque (see
Figure 330).

Figure 329
Titen-HD Anchor
Source: http://www.simpsonanchors.com
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Titen-HD Anchor Head
Source: http://www.simpsonanchors.com

SET-XP is a structural epoxy-tie anchoring adhesive, a high solids formula for cracked and

uncracked concrete. It is used in tension and seismic zones where there is rick that a crack may
intersect with where an anchor is placed. Its test criteria are outlined:

= Damp holes
= Freeze-thaw conditions

Critical and minimum edge distance and spacing

XXXXX

Its specifications are also given (see Figure 331).

Seismic and wind loading in cracked and uncracked concrete
Static tension and shear loading in cracked and uncracked concrete
Horizontal and overhead installations
Long-term creep at elevated-temperatures
Static loading at elevated-temperatures

Nominal Anchor Diameter

This website is very relevant to this report in that it details specific hardware utilised in retrofit

SET-XP Specifications
Source: http://www.simpsonanchors.com

projects and anchors designed for adverse seismic conditions.

http://www.soundseismic.com/live/page/project-impact

Project Home Retrofit Information Series, Booklet 1.

%% hittp://www.simpsonanchors.com
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ol Symbol | Units 790 [ we/#5 | %/#6 | w/e1 | 1/
Installation Information
Drill Bit Diametar il in. ¥ ¥ Ta 1 1'%
Maximum Tightening Torque Tirest ft-1b 40 90 130 200 300
. Minimum - in. 2% I 3% Fa 4
Permitted Embedment Depth (hy) Range? Maximum in. 10 1214 15 1712 20
Minimum Congrate Thickness Nexiin in. 2.25 x hy
Critical Edge Distance Cac in. 3 x hy
Minimum Edge Distance Cmiin in. 1%
Minimum Anchor Spacing Smin in. 3
Figure 331
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This booklet is an overview of the standard home earthquake retrofit plan, summarising the
information contained in each of the series booklets. It begins by introducing the Pacific Northwest
earthquake hazards as well as building codes and practices and how they are applied, earthquake
building practice for home construction and the benefits of home retrofit. The resource then
outlines the home earthquake retrofit plan. The goals of this are to encourage the understanding and
use of a standardised strengthening method, promoting home earthquake projects and expediting
building permits for projects qualifying t use the standard retrofit plan. However, an engineer or
architect will need to be contacted in certain situations, such as when other building deficiencies
need to be repaired before the provisions in the retrofit plan can be carried out.

The resource then briefly outlines the reasons to retrofit buildings in our community. This is very
relevant to the retrofit of New Zealand dwellings as it promotes retrofit and community awareness
of earthquake damage which too needs to be fostered in New Zealand.

http://www.soundseismic.com/live/page/project-impact
Project Home Retrofit Information Series, Booklet 2.

This booklet is a home assessment checklist. This is divided into two parts; part one details the
qualification requirements which determines the suitability of the home for the retrofit plan which
has been set out, and part two which identifies the retrofit needs for the home. The questions are
clear and concise and enable the homeowner to be directly involved in the retrofit process. The
home assessment checklist has been included in this report in Appendix 7.

http://www.soundseismic.com/live/page/project-impact
Project Home Retrofit Information Series, Booklet 3.

This booklet, the third in the series, was published by Project Impact Seattle: Building Disaster
Resistant Community. It is titled the Guide to Completing an Earthquake Retrofit Plan for Wood
Frame Residential Buildings. It forms the third and most comprehensive part of the home
earthquake retrofit information series.

It begins with a detailed introduction, covering if your home qualifies for this type of retrofit, if a
building plan is needed and how to obtain a building permit. How to complete the retrofit plan is
then explored. This is divided into five tasks: drawing the foundation outline, selecting the method
of replacing sections of damaged concrete foundation wall if necessary, selecting the method of
anchoring the sill plate to the foundation wall, selecting the method of strengthening the pony wall,
and selecting the method of connecting the floor framing system to the pony wall on to the
foundation wall. Figures are given to explain a retrofitted wall (see Figure 332) and the retrofitted
subfloor area (see Figure 333). Each task is then described in depth.
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* FRAMING

CONNECTIONS
Details 30, 3b

.‘-‘-

Stud wall

Sill plate

Joist blocking or
/ continuous rim joist

Floor joist (perpendicular
to perimeter wall)

« PONY WALL

BRACING
Details 20, 2b, 2¢, 2d

Double top plate

Cripple wall

Siding or wall finish

« SILL PLATE

ANCHOR
Details 1q, 1b, 1¢

Bolt, nut, and washer

« FOUNDATION

WALL

See detail F for replocement
of damaged section of
concrete foundation wall.

Sill plate

Concrete stem wall

= Concrete footing

Figure 332
Side View of a Typical Wall Section
Source: http://mww.soundseismic.com/live/page/project-impact
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—_— Froming ciips
Continuous rim st : Floor Jolsts
Sructural pane = ] ! Y —— Blocking

Venl hales (g} — Vo ; X

—— Typecd mailing
pallern

e ) A Retrofit s — Blocking ——— R M

' -_I".I ’f ) ploie bolis "",.__Hlj;f"
oo i
Foundation wall
Motes

L This sketch shows 9 somple wdl seclion thal hos undergone a picd sessmic
altwngthming ratrafit

2 Thig is o general skelch ond is nol infended lo supersede requirements contained in the
Hlandard Home Eorthquoke Retrofit Plan o in the specific instalotion datods,

FRONT VIEW (sometric)

Figure 333
Isometric View of a Typical Retrofit, showing foundation anchor bolts, pony wall bracing, and framing clips, from
inside the basement or crawlspace
Source: http://www.soundseismic.com/live/page/project-impact

Task one, drawing the foundation line, involves the measuring of each segment of exterior
foundation wall, marking on openings and the direction of floor and joist beams.

Task two involves the selection of the concrete foundation replacement method and reviewing
installation information.
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Task three involves identifying how to anchor the sill plate to the foundation. Several types of
manufactured side plates are designed for specific foundation and sill plate conditions (see Figure
334). The anchors used must also be selected, commonly an expansion bolt or a chemical anchor.

=
e

This retrofit series provides several different solutions for
most retrofit problems. The new FAP Plate is a foundation

anchor that connects the mudsill to the foundation. The
FA and HFA Foundation Anchors eliminate vertical
drilling by nailing into the top of the mudsill.

FAP—7 gauge, FA and HFA—12 gauge

FAP—painted; all others—galvanized

Use all specified lasteners. Refer to the
Connecilors for Wood Construction catalog
for General Notes and warranty information.

Select and install concrete anchor bolts following
the manufacturer's recommendations.

MATERIAL:
FINISH:
INSTALLATION:

CODES:

BOCA, ICBO, SBCCI No. NER-469;
City of LA No RR 25158 (FA only).

between ¥4 and
14" When space
i V2" use
the FA or HFA.
Ul Install screw
| at least 2'4"
Into sill plate.
Typlcal FAP
Installation
Foundation
to Mudsill
ASTENERS 0.C. SPACING TO | ALLOWABLE
MODEL 2 REPLACE ANCHOR |  LOADS
NO. | ANCHOR BOLT BOLT¥ O.C.
MUDSILL Fy F2
aTy | DiA 14" DIA | %" DIA
3- '-’4 x
FAP 2 "% |(2'%"s+shim thickness)| &’ 5 950 | 365
length lag bolt
FAS, FAB ] 7-10dx 1'% 400 | 515
HFAB, HFAS | 11-10d x 1'% 1350| 385
1. Aliowabis ioads have been increased 33% for wind or sarfhquake icading 4. Spacing is based
with no furfher increase allowed. Reduce where ofher load durations govern.  on Fy loading.

2. For redwood mudsills, reduce Fy on HFA 0 1215 Ibs and 840 bs on FAP,
3, Use the RFBA4xE with the Epory-Tie for the anchonage system.

Figure 334
Sample Manufacturer’s Sheet for Anchor Side Plates
Source: http://www.soundseismic.com/live/page/project-impact

HFAG
'/{HFM similar)

Task four involves strengthening of the pony walls (also known as cripple walls or jack-studs).
Structural panels will be installed on the exterior face of the pony wall studs. These panels must be
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reviewed in terms of their wood species, durability, intended us, span rating, and the number of
plys, or wood layers, in the plywood. The amount and location of panels for installation must also
be decided.

Task five involves the method selection to connect the floor framing to the pony wall. The repair
condition will often have lack of blocking above the pony wall and no framing elements on which
to install framing clips (see Figure 335). Framing modifications are thus necessary to provide the
required nailing surfaces for the framing clips and to ensure connections that complete the load path
between the pony wall and the floor system. Two methods can be used, method one when the joist
is perpendicular to the foundation wall, method two when the joist is parallel to the foundation wall
(see Figure 336, 337 and 338).

SUPETRTE

=
NO BLOUDSMNG PONY wALL
BETWEEN JOISTS (OR MUD SLL)
T PONY WALL
TOF r_-‘:‘wl nkr-:h
ar & mud sil)
—MD S
— COMCRET

N I &
R, | Y

Figure 335
Repair Condition of Pony Wall
Source: http://www.soundseismic.com/live/page/project-impact
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s rot shown )

3>~D VEW 8

Figure 336

Detail Showing Two Methods for Installing Framing Clips for a Cantilevered Floor with No Blocking above the Pony

Wall

Source: http://www.soundseismic.com/live/page/project-impact
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CANTLEVERED RI" JOST @ DO

FLOOR JOST % = CANTI ..—.,'-r.'.r =
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FLOGRNG \\—H"‘ | :
i ; -
1 ] "' ]

| METHCD 1 |
SO0 BLOCKING BETWEEN
JASTS WITH 2-3/2" VENT —&
HOLE, FRAMNG CLP @ 80T
DS OF DLOCK, & FRAMNG
CUP @ MUD Sl

LEH[ ATHIMG

oDE VEW
Cantiever Above Mud Sil
Figure 337

Repair Detalil for a Cantilevered Floor with No Blocking above the Sill Plate
Source: http://www.soundseismic.com/live/page/project-impact
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METHOD 1 |
SOLD BLOCKING BETWEEN
JOISTS WITH 2-1/2" VENT M ST @ BO
O, FRAMING GP @ B0 —y N ERt Bk
ENDS COF BLOCK, & FRAMNG .('1‘. | T
CANTILEVERED WP @ TOP PLATE OF /) \ FLOORNG— |
FLOOR JOIST \ Wi Wi iy
'! [ ‘]’ T N — - il
III "
NIETHCI} E £ . ']' '|'
CONTNUOUS 2 x & MEMEER | | }
NALED TO FLOCR JOISTS | | i
MITH THREE 160 NALS T\ | : | |
INTO EACH JOIST |
INSTALL FRAMING CLPS "—"ﬂ" ™
@ 16" o.c. - OVR \\ | -
PLYWOCD PANELS | |
. ’ T*-«— PONY WALL
\

SLE VIEW
Cantiever Above Pony Wdl

Figure 338
Repair Detail for a Cantilevered Floor with No Blocking above the Pony Wall
Source: http://www.soundseismic.com/live/page/project-impact

When there is no pony wall top plate (see Figure 339) and the rim joist rests on top of the pony wall
studs, framing modifications are necessary to provide the required nailing surfaces for the ply shear

panels. Framing clips and blocking can be used (see Figures 340 and 341)
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Figure 339
Repair Condition No Pony Wall Top Plates
Source: http://www.soundseismic.com/live/page/project-impact
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Figure 340
Repair Detail for Pony Wall with No Top Plate
Source: http://www.soundseismic.com/live/page/project-impact
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Figure 341
Repair Detail for Pony Wall with No Top Plate
Source: http://www.soundseismic.com/live/page/project-impact
If the parallel floor joists are too close to the sill plate or pony wall to allow access for the
installation of framing clips, framing modifications are necessary to allow access to the rim joist

and the mud sill to permit the installation of the required framing clips and/or mud sill anchors.

This resource then details the process to obtain a building permit and complete the required

inspections. This resource is very relevant in providing clear details which may be beneficial for

the retrofit of jack-stud foundations which occur in New Zealand dwellings.

http://www.soundseismic.com/live/page/retrofitting-basics
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This website details the process of retrofitting as carried out in the California area. A house is
analysed before the retrofit (see Figure 342) and after (see Figure 343).

Figure 342
1-Crawlspace - The space between the ground under the house and the floor. How much space there is to crawl in
depends on how tall the foundation and cripple wall are.
2-Floor
3-Foundation - This is the cement structure that supports the house and gives it stability. The primary goal of seismic
retrofit is to attach the house to the foundation so it doesn't “fall off” the foundation during an earthquake.
4-Mudsill - This is a timber piece that rests on top of the concrete foundation. When an earthquake hits, the mud sill
can be jolted off the foundation causing the house to collapse.
5-Cripple wall - Not all houses have a cripple wall. Un-reinforced cripple walls are the weakest part of a house because
they readily collapse in an earthquake.
6-Floor framing - also called floor joists. In an earthquake, the floor framing can be jerked off the cripple wall, causing
the floor of the house to collapse.
7-Top plate - This is made of 2x4 lumber lying on top of the cripple wall. The floor framing is nailed into this.
Source: http://www.soundseismic.com/live/page/retrofitting-basics
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Figure 343
After Retrofit
Source: http://www.soundseismic.com/live/page/retrofitting-basics

Bolts attach the mudsill to the foundation. These are long-threaded steel rods passing through the
mudsill and deep into the foundation. Mudsill plates are square washers, specially designed to
increase the strength of a bolt by around 60%. Plywood nailed to the cripple wall forms a shear
wall and shear transfer ties attach the floor framing to the cripple wall.

A sill plate is first secured by using a high powered roto-hammer to create a pilot hole for the sill
plate screws (see Figure 344). The sill plate bolt is then driven into the hole (see Figure 345). This
is followed by setting the bolts (see Figure 346) and drilling the final hole (see Figure 347). The
final bolt is then driven in (see Figure 348).
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Figure 344
Source: http://www.soundseismic.com/live/page/retrofitting-basics

Figure 345
Source: http://www.soundseismic.com/live/page/retrofitting-basics
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Figure 346
Source: http://www.soundseismic.com/live/page/retrofitting-basics
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Figure 3
Source: http://www.soundseismic.com/live/page/retrofitting-basics
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] @

Figure 348
Source: http://www.soundseismic.com/live/page/retrofitting-basics

This website is relevant to illustrate seismic retrofit concepts from overseas as well as providing a
step by step process of a particular fixing. This relates closely to the retrofit of New Zealand
dwelling foundations and subfloors to resist earthquakes.

http://www.strongtie.com
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This website has been developed by Simpson Strong-Tie Company, Inc., a corporation which has
developed and produces strong-ties for seismic retrofit. The company also produces resources
explaining their use. Details are provided on this website, including a retrofit sheet with details
based on the 2006 International Building Code (see Appendix 8). These details are for cripple
walls, which may be useful in jack stud foundations (see Figures 349, 350, 351, 352, 353, 354, 355
and 356).

POST INSTALLED ANCHOR SOLUTIONS

BIMPBON
BTRONG-TIE®

MUDSILL | HOLEDEPTH | STRONG-TIE®

THICKN IN FOUNDATION| TITEN HD & W3 BET-XP™
MmN Ny DA x ACHEBIVE
]
112 5 hiratd s RFBHOGEHDG
By st RFESeXAHDG
2 41 hiret s AFBROEHDG
I x 8" RFBEEXHEHDG
VT x812 | RABRX10HDG
212 412 5" x 812" | RFEBRIX10HDG
3 5 it RABIMX10HDG
B x 8" RFEFEX10HDG

NOTE SEE DETAL 2 FOR MINIMUM ANCHOR DIAMETER AND SPACING.
NOTCH BLOGKING AT ANCHOR BOLT.

212 ]
ANCHOR AND WASHER PLATE SELECTION FOR 3
DIFFERENT SILL THICKNESS .
Figure 349

Anchor and Washer Plate Selection
Source: http://www.strongtie.com

ENISTING STUDWALL
RIM JOISTBLKG PER il
DCETAL 85 OR 1048
AFFLES kN
L
TOP PLATES NEW BTRONG-TIE® A25, BEE DETAILZOR®
\ .
¥
B4 GOAMON GALVANDED NALS AT 4° G.G. GENTER
ik ON ALL EDGEE OF EACH INDIVIDUAL PEECE
e T R T BT S b sar v
NEWY 2x BLOCKING BETWEEN
STUDE WITH 4-10d COMMON NEW SIMPSON BTRONG-TE ® ADHESIVE ANCHOR OR -
HOT DIPPED GALVANIZED NALS ; TITEN HOM ANGHOR WITH B PLATE WASHER ETROET PATE EE DAL
EACH BLOCK TO BILL — BEE DETAIL 2 AND & FOR ADDITIONAL INFORMATION b FOR MORE INFORMATION
A L ot e
% B EXIETING GROUND LEVEL
1|
WOTE: BEE DETAIL E FOR I ; o
ADDITIGNAL INFORMATION
30 e i
ALTERNATE MUD SRL ANCHOR
CRIPPLE WALL BRACING ON INTERIOR FACE OF CRIPPLE STUDS 6.

Figure 350
Cripple Wall Bracing
Source: http://www.strongtie.com
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EXIETING STUD WALL

FIM JOIS T/
PER DETAIL 8,8,
DR 10 A8 AFPLIER

EXISTING FLDOR

TALYANIZED Bd COMMON
MNAILS AT 4" O.C.
1 —NEW 3MPEON STRONG-TIE®
A o pack wooo | assseEoerLaoRs
BEE DETAIL 1 FOR
PANEL LAYOUT ANO EXISTING TOP PLATES
DETAIL & FOR ADDITIONAL ETING CRIPPLE. STUD WALL
REQUAREMENTE
- NEW SIMPSON STRONG-TIE ® ADHESIVE
ANCHCR OR TITEN HD € ANCHOR 'WITH
GALVANIZED Bd COMMODN
NALE AT 4" 0.C. BP WASHER PLATE. SEE DETAL 2 ANC: 3 FOR.

ADDITIONAL INFORMATION
EXIETING MUD BILL PLATE

AT AL FDGES ﬂ
BEXI3TING
FOUNDATIDN WAL | R T

NOTE: 8FF DETAIL B FOR
ADDITIONAL INFORMATION

CRIPPLE WALL BRACING ON EXTERIOR FACE OF CRIPPLE STUDS ‘ 7.
Figure 351
Cripple Wall Bracing
Source: http://www.strongtie.com

-

EXISTING
STUDWALL
FLOOR I\J
|~ NEW SIMPSON STRONG-TE 0 ASE
-1 BTORY BUILDING: AT 32° 0.C.

N4
%%ﬂ“jmfg '\’F‘/z-zuﬂasmmmu& AT 16 0.

NOTE: BEE DETAIL 12 FOR

INFORMATICN
BEE GRIPPLE
'WALL BRACING
— DETAILB '\’
REA WY NAILING ELEVATION @
FLOOR JOISTS PARALLEL TO FOUNDATION 8.

Figure 352
Floor Joist Connection
Source: http://www.strongtie.com
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A' EXIETING RIM JOIBT N
CREXISTING BLOCKING
BETWEEN JOETS
EXISTING FLCOR
= / M |- NEW SIMPEON STRONG-TE ® A3E,
=1 BTORY BUILCING: AT 32" O.C.
=2 OR 4 STORY BUILDING: AT 187 0.8,
ProwTEe { < /'»-r‘( X <=
A3B .
| NCTE: 3EE DETAIL 12 FOR
@ FASTENER INFORMATION
EXISTING FLOOR JOIST
A xss CRIPPLE WALL 1\,
BRACING DETAILE
RIN WY NARLING ELEVATION (A})
FLOOR JOISTS PERPENDICULAR TO FOUNDATION 9
WITH EXISTING RIM JOIST OR BLOCKING '
Figure 353

Floor Joist Connection
Source: http://www.strongtie.com

A NEW 2X BOLID BLCCKING INSTALLED TO FIT

TIGHTLY BETWEEN FLOOR JOISTS.

1 - STORY BUILDING: AT EVERY OTHER JOIST BAY
2 DRI - BTGRY BUILDING: AT EVERY JOIST BAY

FLOOR JOIST PERPENDICULAR TO FOUNDATION 10
WITH NO EXISTING RIM JOIST OR BLOCKING )
Figure 354
Floor Joist Connection
Source: http://www.strongtie.com
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FIRaT FLQm—\\
e i
EXETING 217 |, q u
L FLOOR BEAM L ’
E :] SBEPEON ATRONG-TIE € AC POAT CAP
EXIITING
Rl e
ACTUAL POST
e __-_._.. EXETING "o Mo
; FIER A4 31z
0 g|=g=g=l ACIR 4
== ACH 512
TYPICAL INTERIOR POST DETAL AR, '
FLOOR BEAM TO POST {OPTIONAL) 11.
) Figure 355

Floor Joist Connection
Source: http://www.strongtie.com

SIMPSON STRONG-TIE ® SD SCREWS

SCREW OPFTIONS MODEL NO.

CONNECTOR
LDDEL NG, NAILS FMPRON HMPION
STRONG-TE® | STRONG-TIE®

Boda X 112" BODMOX 112

@

ASS B X1 L]

LT B X 1 12 »

A 18 COMMON -

NOTE

= DESKSNED TO REPLACE NAILS IN CERTAIN PRODLGTS, THE 506 AND
‘3010 HAVE BEEN DESIGNED AND TESTED FOR USE IN THE MOST
POPULAR BIMPSON BTRONG-TIE 8 PRODUCTE.

= GONTAGCT SIMPSON BTRONG-TIE 8 FOR ADDITIONAL PRODUCTS
APPRCVED FOR USE WITH 8D STRONG-DRIVE SCREWS.

ALTERNATE SCREW FASTENER TO REPLACE NAILS 12.

Figure 356
Screw Fastener Connection
Source: http://www.strongtie.com

Their website features a catalogue of their products, information on corrosion and a seismic retrofit
guide resource (see Appendix 9). This explains reasons to retrofit, the basics of earthquake
movement and how this impacts the home, and how to conduct a survey of your own home.
Diagrams illustrating pre- and post-retrofit are given (see Figure 357), as well as how to anchor a
mudsill to a foundation (see Figures 358 and 359), how to install blocking (see Figure 360), how to
install sheathing (see Figure 361) and how to install shear angles (see Figure 362). Instructions are
given alongside each detail (see Appendix 9).
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Sheathing

B e toe it
& Bearing Plate

Pre-retrofit . Post-retrofit
Non-reinforced Cripple Wall Reinforced Cripple Wall

Figure 357
Pre- and Post-Retrofit
Source: Seismic Retrofit Guide, http://www.strongtie.com, p 7.
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Installation Details EXISTING
WALL FINISH NEW 12 SHEATHING
- INSTA A R
Anchor diameter: 56 ln. NEW 2x BLOCKING nmll-]i:?:. i
« Drilled hole depth: Ses table for smbedment depth “‘Eo‘c‘; 'T'U‘QE
* Anchor length: This will be detarmined by the thickness of EXISTING 2-2x ———
the mudsill. Ses tabls, S DIA. ANCHOR
» Anchor spacing: & ft. on center (o.c.) for one and two-story homes :JEE-%F £R
310 on
= Washer: A 2 in. by 2 in. by ¥ in. thick stesl plate washer o for posert
(sold separately) is requirad in seismic areas WALL
(Simpson Bsaring Plate modal BPS&-2 fulfills this requirement.)
Table 1| Determining Titen HD Length Anchoring Mudsiii to
Mudsill Hole Depth Titen HD Foundation with Titen HD
Thitkness' | in Foundation® | Model No.
(in) (im) (Sizm)
14 5 T"me B’JH 1
THDE2600H [
2 41 h
e | b
THDE2800H
3 Sk (54" x 8
THDE2800H
i s (34" x8)
Note: 1. mjl may be l:z? thzm.l; ordosble if A—
1] or sne 0303, bateaan
2 u‘n‘..-.l:n u':i?rld nbdlrnl:a'wm- HD e archee and comac
n this application is 3¥0. Hale depths above @ 12 orgreaiar bateaan
hawve been adjusted for avaibble anchar sizes. archee and mddl break.
o Anthee spating mast
tes'T 0.c o0

Figure 358
Installing the Titen HD to Anchor the Mudsill
Source: Seismic Retrofit Guide, http://www.strongtie.com, p 10.
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Installation Details mﬁugg: —
* Foundation Plate: Modsl UFP10 NEW 22 BLOCING e
« Fastaners to mudsilk (5) - Simpson SDS % x3 scraws il | g
(included with the UFP10) a‘m:::lg / 7
« Anchors to foundation: (2) - % in. by 5 in. Titsn HD® screw anchors A
= Hole depth in foundation: 434 in. — ?S&M"
= Foundation plats spacing: 6 ft. on centar (0.c.) FOLRDATION

© 12 orgreiar betwoen
UFP asd mudsil break
Anchor spacisg must
ghl'd':lur .

Figure 359
Installing the Universal Foundation Plate
Source: Seismic Retrofit Guide, http://www.strongtie.com, p 11.

Installation Details
» Material: 2x material equal in width to existing studs
= Nailing: (4) - 10d nails par block

* Ses page 14 for instructions on determining how much blocking/
sheathing your house will need and whers it will be located.

Cripple Wall Prior to “Blocking™ Retrofit Cripple Wall with Blocking

Figure 360
Installing Blocking
Source: Seismic Retrofit Guide, http://www.strongtie.com, p 12.
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Installation Details
= Material: ¥: in. thick plywood or 0SB
* Nailing: 8d common nails
» Every 4 inches on cantar (o.c.) into the studs at the edges of the pansl
= Every 12 inches o.c. into the studs

= Ses pags 14 for instructions on determining how much blocking/
sheathing your house will need and whars it will be locatad.

Cripple Wall
with Sheathing

Figure 361
Installing Sheathing

Source: Seismic Retrofit Guide, http://www.strongtie.com, p 13.
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Installation Details
* Framing angle: Modal A35
= Fasteners: (12) - 8d x 1 Y2 in. nails
= Spacing: 16 inches o.c.

- & a8 A
o

A35 Framing Angles Connect the
Cripple Wall to the Floor System

Figure 362
Installing A35 Shear Angles
Source: Seismic Retrofit Guide, http://www.strongtie.com, p 15.

This resource is very relevant to this report as it describes a step by step retrofit approach for cripple
wall foundations which could be applied to New Zealand dwellings. Also, unusually, the website
emphasises a do-it-yourself approach, providing instructions for how to install their products to the
home owner.

Author’s Note:
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There is a conference to be carried out organised by the Applied Technology Council and the
Structural Engineering Institute of ASCE on December 8-11 2009 which may be relevant to this
report. The conference is focused on improving the seismic performance of existing buildings and
other structures. The conference proceedings were not available before the completion of this
report, however the reference has been provided (see Appendix 10).
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Appendices

Note: Electronic references have been omitted to reduce the length of this document,
but urls are provided below

Appendix 1
Source: http://www.ci.san-leandro.ca.us

Appendix 2
Source: http://www.helifix.com.au/masonry repair details.html

Appendix 3
Source: http://www.bayarearetrofit.com

Appendix 4
Source: http://www.bayarearetrofit.com

Appendix 5
Source: http://www.icomos.org/iiwc/seismic

Appendix 6
Source: http://www.pwri.go.jp/eng

Appendix 7
Source: http://www.soundseismic.com/live/page/project-impact

Appendix 8
Source: http://www.strongtie.com

Appendix 9
Source: http://www.strongtie.com

Appendix 10
Evaluation of the Performance of Existing Buildings and Other Structures: Reference
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Appendix 10
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ATC & SEI Conference on Improving
the Seismic Performance of Existing
Buildings and Other Structures

Organized by the Applied Technology Council and the Structural Engineering Institue
of ASCE

December 9-11, 2009

Welcome

Improving the Seismic Performance of Existing Buildings and Other
Structures

A state-of-the-art conference organized by the Applied Technology Council and the
Structural Engineering Institute of ASCE, December 9-11, 2009

Buildings are the backbone of the world's infrastructure - they house our families and
businesses, provide emergency shelter, provide places for education, enable our
industries, and bring about an improved standard of living for people throughout the
world. Without this backbone, civilization doesn't exist. Each year buildings and other
structures are designed and built with a continually improving understanding of their
performance during earthquakes, yet the vast majority of structures were built with
substantially less understanding of seismic actions than we currently possess.

The challenges to improving the seismic performance of existing buildings and other
structures are as broad and varied as the individual structures themselves. How should
they be evaluated and strengthened? What plans exist? What materials were used? What
assumptions were made? Were they built as designed, and if not, what modifications
were made but possibly (probably) not documented?

This inaugural conference, organized by the Applied Technology Council and the
Structural Engineering Institute of the American Society of Civil Engineers (ASCE), is
dedicated solely to improving the seismic performance of existing buildings and other
structures. The program is being planned to provide a forum for the presentation and
exchange of new information on the seismic evaluation and seismic rehabilitation of
existing buildings, including case studies, new discoveries, innovative use of new
technologies and materials, implementation issues, needed improvements to existing
standards and methods, and socio-economic issues. The goal is to provide an invaluable
opportunity to advance your understanding of the tools, techniques and innovations

http://atc-sei.org/ 23/11/2009
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available to assist you in meeting the challenges of seismic evaluation and rehabilitation.
For those new to the profession, the conference will also provide an opportunity to get
up to speed on core issues.

Whether you're a practicing engineer, an architect, involved with research or teaching,
make plans now to attend and participate in this premiere event. With 42 states having
some degree of earthquake risk and 18 of those having areas of high or very high
seismicity, meeting the needs of our clients by solving the challenges posed by existing
structures is paramount to protecting the life, safety and welfare of the general public.
We look forward to seeing everyone in San Francisco.

Barry Goodno, Steering Committee Chair

Christopher Rojahn, ATC Executive Director

James A. Rossberg, SEI Director

For additional questions please email us at: ate(@atcouncil.org
{mailto:atc@atcouncil.org)

Cooperating Organizations

[WESTERN]
STATES
SEISMIC
POLICY

| COUNCIL|

Exhibitors
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