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ABSTRACT: Seismic retrofits of unreinforced masonry (URM) buildings are often 
complicated by difficulties associated with unforeseen constructability issues and poor 
detailing considerations during the project implementation stage. Notable design and 
implementation obstacles originate from incomplete building information, unfamiliarity 
with URM building construction and materials, lack of knowledge about local council 
expectations, insufficient contractor experience, and poor understanding of health and 
safety and durability requirements. The aforementioned issues often result in urgent design 
changes, unexpected cost increase, project delay and potential reduction in effectiveness of 
the overall retrofit design. A range of issues that could be encountered during the seismic 
retrofit of URM buildings along with some recommended solutions are presented herein. 
While it is not possible to account for all types of issues and variations encountered during 
a retrofit project, it is expected that the presented information will assist practicing 
engineers to develop early predictions of potential issues and account for them accordingly 
in order to minimise their impact on the project. 

1 INTRODUCTION 

Observations from the 1931 Hawke’s Bay and 2010-2011 Canterbury earthquakes have once again 
highlighted that unreinforced masonry (URM) buildings perform inadequately during earthquake 
induced shaking. With territorial authorities now required to produce a policy plan for establishing how 
to differentiate between seismically prone buildings, many owners are choosing to seismically upgrade 
their buildings (see Figure 1 for flow chart).  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 Figure 1. Flow chart of the earthquake retrofit process and inputs from the various 
stakeholders (highlighted in red is the focus of this paper) 



However, design methods used in the seismic retrofit of URM buildings are a relatively new practice 
for many engineering consultancies, and the implementation of these designs can be unfamiliar to many 
construction contractors. As a result, the implementation and functioning effectiveness of retrofits can 
be jeopardised if not carefully managed and monitored. Detailing and construction techniques are 
presented herein that are applicable to the seismic retrofit of URM buildings with an aim to minimise 
potential project delays and assist practicing engineers and contractors to develop and implement cost-
effective and functioning retrofit details.  

2 CONDITION OF THE EXISTING STRUCTURE 

2.1 Corrosion of steel reinforcement in concrete members 

URM buildings typically feature highly perforated front facades and various sidewall penetrations to 
accommodate window and door openings. Concrete members can serve as gravity support structures 
over openings in the form of lintel beams or frames, or provide bearing support to timber floor joists in 
the case of ring beams. Longitudinal reinforcement is generally provided along the entire section while 
shear reinforcement may be present only in high shear locations or be entirely absent from the member. 
Where shear reinforcement is provided, the spacing typically exceeds half of the member depth and 
does not contribute to the overall shear capacity (NZS 3101 2006). 

Corrosion of steel reinforcement in URM buildings is generally the result of water intrusion inside of 
the member combined with the use of concrete aggregates with high chloride content. Over time a 
corroded rebar will expand and stress cover concrete, causing the cover concrete to crack and spall. 
Identifying steel reinforcement corrosion may be difficult if the concrete member is covered with a layer 
of plaster. Cracking of plaster may be caused by shrinkage or due to direct contact with an inner concrete 
section which is deteriorating. Removal of the plaster layer will quickly reveal any presence of concrete 
deterioration, but repair work will be needed to mend removed plaster. In the case where concrete spall 
is identified, it will be necessary to either repair the section or replace it entirely depending on the extent 
of corrosion. With each option, added delay and cost will result from this investigation, which cannot 
be avoided. It is recommended that engineers discuss the possibility of concrete repair works with the 
contractor and client preconstruction to scope and stage the project. Detailed site visits and localised 
investigation areas prior to the construction phase will also help determine the requirements for onsite 
testing and possibly allow the extent of intrusive works to be identified. 

It is important for the engineer to provide the contractor with a proprietary or custom specification for 
the repairs works, and to conduct regular site supervision during implementation to ensure that repair 
works are carried out in accordance with a deemed-to-comply procedure. The following section partially 
reproduces a methodology that is adapted from the SIKA Monotop guideline for carrying out repair 
works to a concrete member (SIKA 2014). This guideline was chosen as an overarching example and it 
is noted that a number of products and procedures for addressing such reinforced concrete related issues 
currently exist on the market, and the authors hold no preferential treatment towards any particular 
manufacturer. The original instruction method has been modified into a generalised format (presented 
below) to accommodate alternative mortar-based repair solutions and also includes key input stages by 
the engineer. 

1. Engineer to instruct contractor on locations required for opening up works. 
2. Install temporary propping below concrete members (if required). 
3. Remove plaster and concrete cover around longitudinal reinforcement bars until non-corroded 

steel is reached. 
4. Hold point - Inspection required by engineer to view extent of corrosion. If the member can be 

repaired then the following steps can be followed. Alternatively consider replacing the member 
entirely. 

5. Clean reinforcement in accordance with a proprietary method statement. 
6. Remove any remaining debris. 
7. Apply corrosion resistanct coating in accordance with a product guideline. 



8. Hold point - engineer to observe portion of the following works –  
a. Pre-wet concrete substrate surface (if required) 
b. Apply bonding primer to pre-wetted surface in accordance with a product guideline 
c. Apply mortar to the substrate in accordance with a product guideline. 

Figure 2 shows a concrete member historically repaired using approximately 120 mm of plaster to 
conceal the underside of the member. Temporary support was provided to the member during the 
breakout of concrete, which revealed corroded longitudinal bars and no shear reinforcement within the 
section. For this particular project it was more cost-effective and functionally desirable to remove the 
entire reinforced concrete (RC) section and replace with a new structural member. 

(a) Cracked plaster suggestive of expansive 
reinforcement corrosion 

(b) Severe reinforcement corrosion in moment 
resisting RC column 

Figure 2. Example of a corroded reinforced concrete beam  

2.2 Timber deterioration 

URM buildings often comprise timber construction in the form of roof trusses, rafters, purlins and floor 
joist members. These structural elements transfer gravity forces into URM load bearing wall elements 
through a direct bearing surface. Concrete bond beams or recesses within a URM wall are common 
forms of bearing support. Support onto URM walls is achieved by decreasing the wall thickness at each 
floor level or by having timber members pocketed into the URM wall where the wall thickness remains 
constant.  

In New Zealand, timber deterioration is primarily caused by fungi. Water ingress will initiate spore 
growth on the member surface leading to either wet or dry rot deterioration. Other causes of timber 
decay are weathering and wood boring insects (Wilkes & Page 2004). Dry rot describes a form of timber 
decay caused by fungi able to migrate over non-nutritional surfaces (Singh 2000). Wet rot requires 
higher moisture content than dry rot (Jenkins 2008), which can be supplied by deficiencies within the 
existing building envelope, namely leaky plumbing, gutters, poor ventilation (for cavity walls) and 
pervious masonry. Wet rot is characterised by cracking and softening of the member and usually 
indicates a loss of member strength and stiffness.  

Rotting of a timber member is usually confined to areas in contact with masonry, although it is possible 
for decay to manifest itself in other areas along the member as well (see Figure 3). Where connections 
are to be made near joist ends such as those needed for wall to diaphragm anchorages, particular attention 
needs to be given to the joist end condition in order to verify its suitability to sustain the connection 
forces. 

 

 



 

(a) Deterioration of floor joists orientated 
perpendicular to URM wall  

 

(b) Significant deterioration of roof 
rafters orientated perpendicular to 

URM wall  

 

(c) Significant  
insect damage to 
floorboards in a 
URM building 

Figure 3. Deterioration of timber members  
If multiple floor joists have deteriorated inside a floor structure, a practical repair solution is to cut away 
the rotted timber portion and install a trimmer beam orientated perpendicular to the joist. The length of 
timber to be removed will depend on the extent of rot, however a conservative approach is to cut away 
timber that is within a one metre distance of the rotted area (Department of building and Housing). This 
length may be decreased by taking samples along the member for laboratory analysis which will indicate 
where decay is not present. 

The designer will need to account for the new load path of the trimmer beam and temporary support will 
need to be provided to the underside of each floor joist during construction. For localised areas of repair 
work such as single floor joists, splicing is an alternative method to strengthening the member. Splicing 
should be carried out on one member at a time to avoid destabilising the floor structure. Figure 4 shows 
a typical timber splice detail.  

 

 
 
 
 
 
 
 
 
 
 

(a) Plan view of timber splice connection (b) Elevation of timber splice connection 

Figure 4. Example timber splice detail  

In each method of repair it is necessary to provide a damp proof membrane (DPC) along the interface 
between the timber member and URM wall to prevent future water ingress into the member. As an 
additional measure, timber members can be treated to hazard class H3.2.  

Wood boring insects primarily affect interior timber framing members, finishes and dry wood (NZ 
Wood 2016). Timber floorboards are often observed as being deteriorated due to insect attack, which 
may prompt replacement of the section. If the floorboards are historic, or are required to remain in the 



structure, then a treatment coating can be applied to the timber to prevent further insect intrusion. 
Additional strengthening to the timber floor board may be required for support under gravity loading, 
and can be confined to the underside of the timber floor board, between existing timber floor joists. 

2.3 Mortar repointing, URM surface cleaning and brick replacement 

Restoration of URM buildings may require repointing of mortar joints to improve the structural integrity 
of the building and protect the building from undergoing deterioration. Lime based mortar is particularly 
susceptible to water induced damage due to its porous and permeable structure. Water transportation 
and evaporation allows salt to crystalise within mortar pore space. Accumulation of salt will stress the 
limited pore space and cause the mortar to crack (Palomo et al. 2002) 

The chosen method to repoint mortar around a brick should consider the relative strength of materials 
used in the historic structure and their chemical composition. Mortar repointing should be completed 
using a similar mix to that historically used in the building. This solution will minimise the possibility 
of stiffness incompatibility between the existing and repointed masonry. A stiff element within a soft 
system will attract more load which could lead to undesirable effects such as localised crack 
development within masonry. If the constituents of the original mortar cannot be determined, a mix ratio 
of 1:2:9 - Cement: Lime: Sand should be considered because it produces a comparably soft and weak 
mortar with a reduced likelihood of stiffness incompatibility. In New Zealand, Portland cement and 
Lime-based mortar are most commonly used in URM buildings (Dizhur et al 2010). Lime-based mortar 
is generally more flexible than Portland cement based mortar and so less susceptible to cracking 
(Mitchell 2007). It is also more resistant to sulfate attack (which may be an issue near coastal areas) but 
generally of a lower strength. These factors should be considered before the engineer specifies the 
repointing material.  

URM surfaces can be cleaned using water, chemical or abrasive products. When water or chemical 
based cleaning products are used to improve the appearance of masonry, a test location should be sought 
before carrying out the entire work. Testing the agent on a small portion of the building will determine 
how sensitive the masonry is to the cleaning product and whether it is appropriate to use over a larger 
scale. 

Hydrochloric acid cleaning product should not be used on lime-based mortar. The reaction will dissolve 
lime-based mortar and leave salt deposits on the masonry surface (Mack & Grimmer 2004). 
Hydrochloric acid will also react with water on skin and so contractors should take adequate precautions 
to avoid direct contact. Furthermore, care should be taken to prevent accidental contamination on other 
building materials such as steel work, glass or paint. 

Abrasive cleaning techniques such as sand blasting can scour the brick leaving a pitted surface and may 
increase the number and size of cracks between the mortar and brick. This new exposure greatly 
increases the wall’s susceptibility to water ingress (Scolforo & Browne 1996). Soda and water blasting 
are alternative abrasive cleaning methods, which are less destructive to the masonry surface compared 
to sand. However, each method should only be considered once all other non-abrasive cleaning options 
have been explored. The abrasive material or fluid is usually shot through a nozzle close to the wall 
being cleaned. Rotating the nozzle away from the horizontal and increasing the spacing between the 
wall and nozzle will decrease impact force of grit and lower the rate of abrasion, which may provide the 
contractor with more control during the cleaning process. 

 

 

 

 



3 INSTALLATION OF NEW LATERAL LOAD RESISTING SYSTEMS 

3.1 Parapet bracing  

The design of a parapet bracing system may require steel sections to penetrate through the roof structure 
and to be fixed onto timber rafter members. To reduce the likelihood of future durability issues, it is 
desirable to minimise the number of penetrations through the roof structure. This objective can be 
difficult to achieve without prior knowledge of the layout and condition of structural elements within 
the roof structure. If the existing roofing iron has deteriorated it may be beneficial to suggest re-roofing, 
which will provide access to these structural elements. In this case, the new roof could be flashed around 
the bracing system, eliminating any need for penetrations. Alternatively, if the roof is in adequate 
condition, localised flashing will need to be installed to ensure water tightness. Circular penetration 
holes are typically the most ideal penetration shape for roofers to flash around; sharp corners present 
possible locations for water egress (see Figure 5 for example). 

The additional benefit of removing the roofing iron is that it provides access to the entire structure. If a 
timber plywood diaphragm or steel cross braces are required for transfer of seismic forces into the 
vertical lateral load resisting systems, then it will be easier to access through the top of the structure 
instead of opening up the ceiling structure which may be lined with a valued lining. 

Parapet bracing may use steel angle sections for horizontal railing members. It is important for the 
contractor to install this structural component with the horizontal section orientated above the vertical. 
This will ensure that water cannot pond within the section. It is also advised to drill holes within the 
flange at regular locations to redirect excess water. Figure 5 shows a typical parapet detail with one 
penetration through the roof structure. Horizontal equal angle sections span between vertical angle 
elements and are anchored into the upper and lower portion of the parapet structure using epoxy anchors. 
Anchors are embedded into the parapet approximately 200 mm deep and 300 mm below the top brick 
course. Moment generated by the eccentric load on the circular hollow section post should be designed 
for in calculations. Sufficient bolt distance needs to be provided for the plate section to prevent splitting 
of the timber rafter. 
 

 

Figure 5. Example parapet brace detail  
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3.2 Wall-diaphragm connections 

3.2.1 Detailing of wall-to-diaphragm anchors in cavity walls 

Adhesive wall-to-diaphragm anchors in cavity walls are required to bond to each brick leaf. Propriety 
systems do exist to transport epoxy between each leaf, however, obtaining a reliable connection is 
difficult to achieve as there is no control over the amount of epoxy lost within the cavity. When the 
anchor is placed into a drilled hole, epoxy within the inner most leaf will be displaced and leaked into 
the cavity, leaving limited epoxy to bond to the anchor in the external leaf. Ideally through-plate anchors 
should be used instead of epoxy anchors in a cavity wall to simplify detailing requirements,  
construction, and increase reliability. Figure 6 shows a reliable through-plate anchor connection detail 
for a cavity wall. The modelled design philosophy for this connection is to provide a pipe section filled 
with grout that provides a bearing surface for the inertial force generated by the outer leaf. The internal 
leaf seismic load is coupled with the outer leaf and transferred into the nogging member, which forms 
part of the diaphragm structure. For the opposite direction of seismic loading, the through-plate anchor 
will be tensioned and transfer seismic force into the nogging timber member. 

 

Figure 6. Example for cavity wall through-plate anchor connection for pocketed joists – elevation 
view (Modified from AS 3826 1998) 

3.2.2 Proof testing of adhesive wall-to-diaphragm anchors  

Many buildings retrofitted before the 2010/2011 Christchurch earthquake series were observed to have 
wall-to-diaphragm connection failure due to substandard installations of adhesive anchors. These failure 
modes were attributed to insufficient adhesive coverage around the anchor and inadequate embedment, 
resulting in loss of out-of-plane support to the URM wall element and the inability to transfer seismic 
wall forces into the diaphragm structure. 

In one building case study example, results from proof testing of forty new 12 mm diameter adhesive 
wall-to-diaphragm anchors showed that approximately 50% of the anchors failed before reaching the 
design tension load, with failure attributable to inadequate installation methods. Figure 7 shows the 
testing rig used to assess each anchor. From the investigation it was concluded that when a 14 mm 
diameter hole was drilled through the wall (i.e. rod diameter + 2 mm) epoxy resin was unable to cover 
the entire anchor section, thus only a portion of the anchor was effectively bonded to the wall. 
Subsequently, when a 16 mm diameter bolt hole was drilled more coverage was achieved around the 
anchor and a higher tension load could be resisted by the connection. It is recommended that holes 
drilled for epoxy anchors should have a hole diameter of d+4 mm, where d is the diameter of the epoxy 
anchor rod. Additionally, previous research has shown that 16 mm anchors provide greater bond 
strength to surrounding masonry over 12 mm and 20 mm anchors (Dizhur et al 2013). 



(a) Close-up of hydraulic testing rig (Note the 
clear span of reaction frame to allow cone type 

failure) 

(b) Anchor partially coated with epoxy  

Figure 7. Testing of epoxy anchors  

3.2.3 General installation considerations 

The tensile pullout capacity of epoxy anchors is influenced by the amount of overburden provided by 
URM above the anchor (Dizhur et al 2013). During installation it is necessary to install wall-to-
diaphragm or parapet anchors at least 300 mm below the upper most brick course to prevent spalling of 
the masonry course while drilling and provide sufficient confinement to the anchor during seismic 
loading. Similarly, wall-to-diaphragm anchors should not be installed directly next to pocketed timber 
floor joists, as the wall section is locally reduced at this location. If the original design shows limited 
edge distance between anchor and joist member, it should be revised to show an increased horizontal 
spacing between each element.  

Where through-plate type anchors are to be used, it is recommended using an incrementally larger drill 
bit diameter to prevent spalling or splitting of the brick material. It is suggested that the initial drill bit 
size should be 10mm smaller in diameter compared to the final required diameter. If the final diameter 
needs to be 20 mm then a drill bit of 10 mm should be used initially followed by the final drill bit size. 

3.2.4 Mechanical ties 

Cavity wall construction usually comprises two leaves of masonry separated by an air cavity. Historic 
brick ties may be present to provide lateral stability against low lateral forces and allow differential 
movement about the major axis of the wall. Over time brick ties can corrode, rendering them incapable 
of resisting inertial forces of the wall. The lack of any local connection between each wall means that 
each leaf must span vertically with a single leaf thickness, significantly reducing its out-of-plane 
capacity. Mechanical ties provide means to bond each leaf together which increases the effective section 
of a wall. This type of connection relies upon a bearing surface generated by the helical engraving in 
the anchor and can be installed using a drill.  

3.2.5 Interconnection of infill with existing URM structure  

Where structural design specifies existing openings to be in-filled with URM, it is important to provide 
adequate interconnection between existing and new masonry (see Figure 8). Merely filling brick work 
within the opening boundary does not eliminate potential failure planes around its perimeter and 
ultimately limits the seismic performance of the wall. 

For two or more brick leaves with a solid wall cross section, provide a bond pattern to match the existing 
structure with header courses at a maximum interval of every second brick course. A header course will 
bind each leaf together to provide an integral out-of-plane seismic response. 



It is recommended that recycled vintage solid clay bricks are used as infill with a compatible mortar 
mix. Ensure that the surfaces are well cleaned of mortar and bricks are pre-soaked prior to reuse. This 
procedure will provide a flat, workable surface during installation and reveal any damage to the brick. 

  

Figure 8. Interconnection of infill with existing URM structure  

3.3   Temporary propping of URM wall elements 

3.3.1 Cast-in-situ reinforced concrete wall construction 

Cast-in-situ RC shear walls may be constructed parallel to a URM wall to improve the in-plane seismic 
performance along its gridline and provide out-of-plane support to the existing wall. An RC shear wall 
can be formed around existing openings and in contact with the adjacent masonry wall to provide a 
discrete retrofit solution. 

In-situ shear wall casting against existing URM walls should be staged into a series of separate pours to 
prevent deformation or collapse of the existing wall structure. Before the concrete has cured it will apply 
a horizontal thrust onto the URM wall requiring it to bend about its minor axis. This overturning force 
needs to be checked against the restoring force provided by the wall to minimise the risk of masonry 
blow out.  The following bullet points highlight key stages of the cast-in-situ concrete pour procedure 
and identify variables which will influence the concrete pour height. 

 The allowable pour height will depend on the thickness of the wall, overburden load and 
whether temporary propping has been provided along the exterior wall face.  

 The engineer will need to specify the maximum pour height and time between each pour to 
allow the concrete to develop sufficient compressive strength.  

 Incremental lifts will also provide an opportunity to vibrate the concrete at regular locations 
throughout the cross section. 

 Allowing a concrete pour to proceed above a specified height will have severe implications on 
the structural integrity of the URM wall element and global structure. Wall instability will also 
present a safety risk to occupants inside and outside of the building.  

 Bulging and cracking are key indicators of an overstressed URM wall and may result in the 
need for further strengthening measures to account for the weakened portions.  

 Furthermore, if the wall holds architectural value or has been severely cracked, repair work may 
be required to address any durability or cosmetic issues, leading to additional unforeseen costs.  

3.3.2 Needling  

Introducing new openings into a URM wall element will invariable decrease its ability to withstand in-
plane seismic forces, and may disrupt the gravity load path. A common approach to rectifying this issue 



is to install steel portal frame members around the proposed opening to resist lateral seismic forces or 
to install lintel beams to redistribute gravity forces to adjacent piers.  

Needling is a method used to provide temporary vertical support to a URM wall element while it is 
being undermined. This method utilises the ability of URM to arch between support points, allowing 
the structure below to be removed without causing loss of gravity support (CIRIA 2005). 

Beam members are installed at regular intervals, perpendicular to the wall and are simply supported by 
vertical propping members (see Figure 9). Brick is then removed between each beam to form an 
approximate arch. The maximum spacing between each beam member is primarily dependent on the 
overburden load, location of concentrated forces, wall thickness and depth of arch. If no proprietary 
specification is available or suitable for the proposed needling, then an engineer should advise the 
contractor on a maximum spacing for beam members and arch height to avoid loss of confinement.  

 

  

(a) Example of needling arrangement (front 
elevation) 

(b) Section view of a needling example 

Figure 9. Needling configuration (Adapted from BRE 1992) 

A detailed inspection of the wall should be carried out prior to construction of the needling system to 
identify any brick or mortar deterioration. Any discontinuity in the wall structure will inhibit the wall’s 
ability to arch, in which case an alternative temporary support system should be considered. 

3.3.3 Foundation underpinning 

The arching ability of URM can be relied upon to provide temporary redirection of gravity wall loads 
during foundation underpinning. CIRIA recommend a maximum arching length of 1.4 m, which should 
be reduced if the quality of the brickwork appears poor (CIRIA 2005). This idea can be extended to 
include construction of a ground beam, however it is noted that an additional support system may be 
required to accommodate typically longer spans of ground beams. As an additional measure, 
foundations need to be shored to prevent soil collapsing into the excavation. Figure 10 shows a 
continuous URM strip footing subjected to foundation underpinning. The numbering system used in the 
figure indicates the order in which excavation needs to be carried out to prevent collapse of the overlying 
wall structure. The URM wall is still able to transfer gravity loads through arching into soil either side 
of the excavated portion. Pad foundations are usually shorter in length than ground beams and so it may 
not be necessary to follow this procedure if the masonry is able to arch over the foundation.  



 

Figure 10. Excavated walls supported by shoring (Adapted from CIRIA 2005) 

The load path of the existing structural system should be analysed before relying upon the arching action 
of masonry for underpinning of foundations. Pier elements supporting concentrated loads should not be 
underpinned using this approach and instead an alternative support system should be implemented 
(CIRIA 2005). 

5 OTHER CONSIDERATIONS 

Canopy maintenance, chimney strengthening, façade retention, bearing support to new structural 
members, asbestos removal and maintaining tenancy operation have been excluded from this discussion 
paper. Each topic will have an influence on life safety or structural integrity and needs to be addressed 
during the seismic retrofit design and implementation process.   

6 CONCLUSIONS 

Selective construction and detailing issues requiring consideration are presented for the seismic retrofit 
of URM buildings.  

 Durability and structural integrity were the primary considerations for concrete and timber 
members in need of repair and methods are postulated for each material type.  

 Mortar repointing should be completed using a similar mix to that historically used in the 
building. 

 Abrasive cleaning techniques such as sand blasting should not be used on URM as they will 
leave a pitted surface on the brick and may increase the number and size of cracks between the 
brick/mortar interface. 

 The importance of proof testing and detailing was examined for wall-to-diaphragm anchors. 
Recommended installation practice for adhesive anchors is detailed - requiring the drilling of 
an anchor hole that is 4 mm greater in diameter than the anchor. This dimension will provide 
sufficient bondage between anchor and wall to improve out-of-plane seismic performance of 
the connection. 

 Wall-to-diaphragm connections should be installed at least 300 mm below URM to provide 
sufficient confinement to the anchor.  



 The connection between separate leaves of a cavity wall can be improved using a circular hollow 
PVC pipe filled with mortar around each anchor. 

 Needling is proposed as a suitable temporary wall support method which relies upon the arching 
action of masonry.  

 Where structural design specifies existing openings to be in-filled with URM, it is important 
to provide adequate interconnection between existing and new masonry. For two or more 
brick leaves with a solid wall cross section, provide a bond pattern to match the existing 
structure with header courses at a maximum interval of every second brick course. 

 It is recommended that recycled vintage solid clay bricks are used as infill with a compatible 
mortar mix. 

 Construction of cast-in-situ concrete shear walls against URM should be carried out in stages 
to allow the concrete to cure and prevent blow out of adjacent URM walls. 

 When installing parapet braces it may be practical to remove the existing roof cladding to 
provide access to the underlying roof structure. This method should be undertaken when the 
existing roof cladding is noticeably deteriorated.  
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