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1 Introduction 

Grouted connections are widely used in precast concrete construction and are particularly common in panel-
to-foundation or horizontal panel-panel joints.  The use of precast panels for structural walls is widespread in 
New Zealand for both low-rise and multi-storey construction, resulting in grouted connections occurring in a 
wide range of buildings, as shown in Figure 1.  The SESOC Task Group on Grouted Connections was established 
in early 2020 and an introduction and scope of the task group activities and planned outputs was published in 
a previous SESOC Journal Issue (Brown 2021).  This guidance document outlines the design basis for grouted 
connections, focusing on their application in horizontal joints of precast panels.  The document should be read 
in conjunction with Guidance Document #2: New Buildings – Specification/Construction/Assurance (SESOC 
2022a).  Further guidance on the potential deficiencies in existing (legacy) buildings and proposed inspection 
methods are covered in Guidance Document #1: Existing (Legacy) Buildings – Investigation and Remediation 
(SESOC 2022b).  

 
a) Low-rise construction (Credit: Concrete NZ) 

 
b) Multi-storey construction 

Figure 1 Examples of precast panel construction 

1.1 Definitions 

As stated in the introductory paper by Brown (2021), grouted connections are defined and classified as the 
following: 

‘Grouted (reinforcing) connection’:- A connection between precast concrete elements formed by a starter 
reinforcing bar projecting from one element into a tubular recess in the adjoining element which is subsequently 
filled with grout. The connection enables a generic form of reinforcement splice to be made, and the recess can 
be formed in different ways, using different products e.g.: 

(i) ‘Drossbach Ducts’ being corrugated metal ducts formed by spiral winding of thin-gauge steel sheets, 
commonly referred to as Drossbach ducts in New Zealand. Drossbach splices are a generic design and 
are required to satisfy the lap-splice provisions of NZS 3101:2006. 

(ii) ‘Proprietary Grout Sleeves’ being connectors used to connect (‘couple’) reinforcing together using a 
short grouted length. Grout sleeves are typically a proprietary product that provides a mechanical 
connection to the bar on one side and a grouted connection on the other. Proprietary Grout Sleeves 
should be designed to satisfy the ‘mechanical connection’ provisions of NZS 3101:2006. 
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1.2 Scope 

The design basis of grouted connections is discussed with respect to relevant provisions of the New Zealand 
Concrete Structures Standard, NZS 3101:2006, as well as best practice as a result of industry experience and 
recent research findings.  When interpreting the design requirements for grouted connections there are three 
types of recommendations provided: 

(i) Application of specific design provisions in NZS 3101 that apply to the design of walls or precast 
components. 

(ii) Application of general design provisions in NZS 3101 to grouted connections where prescriptive 
design provisions are not provided. 

(iii) Recommendations for best practice design in accordance with industry experience and latest 
research to achieve the expected performance of precast walls with grouted connections. 

The design basis presented (including the three categories above) is primarily focused on a Verification Method 
compliance route (B1/VM1).  Some types of precast panel and connection design may fall outside of the scope 
of cited standards and as such would need to be considered as an Alternative Solution.  Because these 
connection types are in common use, they are evaluated against the cited standards on an equivalent deemed 
to comply basis. 

The design basis is described with respect to the flexural design approach, connection detailing for both 
Drossbach ducts and proprietary grout sleeves, joint shear transfer, joint detailing, and panel design.  Appendix 
A provides a summary the key design cases for precast panels with grouted connections. Lastly, worked 
examples are provided for flexure and shear controlled precast panel connections in Appendix B.   

2 Design Basis for Grouted Connections 

Precast concrete walls can be designed for a range of building types and seismic demands.  The design basis for 
different types of building or walls are discussed in relation to the Zealand Concrete Structures Standard, 
NZS 3101:2006 (Amendment 3 2017).  All clause references within this guidance document are to 
NZS 3101:2006 unless otherwise stated. 

Singly reinforced walls should be limited to low-rise building applications.  In accordance with NZS 3101:2006 
(Amendment 3 2017), buildings with singly reinforced walls shall be designed for nominally ductile actions (cl. 
11.3.1.5 and Table 2.5) and the strength reduction factor for in-plane flexural and shear strength shall be 0.7 (cl. 
2.3.2.2).  The lower strength reduction factor is intended to limit the response of singly reinforced walls to only 
limited inelastic deformations during the maximum considered earthquake due to concerns about their 
robustness and potential occurrence of non-ductile failure modes.  Doubly reinforced walls can be used in both 
low-rise and multi-storey buildings with a range of structural ductility assumptions.  However, splices in 
Drossbach connections are unlikely to meet the detailing requirements for plastic hinge regions unless they are 
appropriately staggered, and the deformation capacity of jointed connections should be carefully assessed (as 
discussed in later sections). 

As stated in NZS 3101:2006 all structures shall be designed with consideration to allowable inelastic mechanisms 
(cl. 2.6.6, 2.6.7, 2.6.8).  Furthermore, the precast concrete provisions in NZS 3101:2006 state that connections 
between precast elements shall be designed to develop failure mode by yielding of steel reinforcement or other 
non-brittle mechanisms (cl. 18.6.5).  Observations from the 2010/2011 Canterbury earthquakes showed that 
damage in precast panel buildings was primarily attributed to poor connection design and detailing (Henry and 
Ingham 2011).  As a result, the design and detailing of grouted connections should focus on ensuring satisfactory 
seismic performance in accordance with NZS 3101:2006 (Amendment 3 2017) and best practice that has 
developed following the Canterbury earthquakes and subsequent research. 
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Squat walls are more likely to be shear controlled, with squat precast wall panels susceptible to shear sliding at 
the joints.  Shear-sliding is an unreliable source of inelastic deformation when subjected to cyclic loading and 
not permitted as a mechanism for ductile or limited ductile structures in accordance with NZS 3101:2006 
requirements (cl. 2.6.6, 2.6.7, 2.6.8).  Squat walls in basement levels of multi-storey buildings may still be 
governed by the shear sliding strength, where sufficient capacity is available to permit the formation of a 
compliant inelastic mechanism elsewhere in the structure (e.g. plastic hinge in cantilever walls above the 
basement level squat walls).  Joints in multi-storey wall panels should be protected from shear-sliding failure 
using capacity design principles to ensure that a flexural response governs.  The joint shear-sliding strength is 
discussed in more detail in section 2.4.  The probability of the formation of an inelastic shear mechanism under 
ULS seismic demands can be significantly reduced by designing the structure for elastic design actions (μ = 1.0, 
Sp = 1.0) and appropriate strength reduction factors. This design methodology is outside of the scope of 
NZS 3101:2006, but could be considered as an Alternative Solution where the formation of a sliding mechanism 
is unlikely to affect the stability of the structure. 

A flow chart outlining some of the key design parameters that might affect the choice of grouted connection in 
precast wall panel design is provided in Figure 2, with further design requirements elaborated in the sections 
below. A summary of the potential design cases of grouted connections in both flexural and shear controlled 
precast panels is provided in Appendix A as well as worked examples in Appendix B. 

 

Figure 2 Flow chart of key design decisions 
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2.1 Flexural design approach 

NZS 3101:2006 (Amendment 3 2017) defines two broad categories for precast seismic systems, equivalent 
monolithic and jointed (cl. 18.8.4).  Equivalent monolithic systems are defined as having strength and toughness 
equivalent to that provided by a comparable monolithic reinforced concrete structure.  Connections in 
equivalent monolithic systems can either be strong and protected by capacity design to ensure that yielding 
occurs away from the connection region, or ductile connections can be used where longitudinal reinforcement 
in the connection is expected to yield.  In jointed systems the connections are weaker than the adjacent precast 
concrete elements and inelastic deformations are typically concentrated at the joints.  In reality these definitions 
are not as clear cut, and many designs may fall into the transition between equivalent monolithic and jointed 
when the joint and panel strengths are similar (see definition in 2.1.1). 

A review of recently constructed precast concrete panels by Seifi et al. (2016) revealed the following for current 
grouted panel connection designs: 

• 87% of surveyed panels that used grouted Drossbach ducts had connection reinforcement contents that 
were less than the panel vertical reinforcement content, indicating a jointed connection response. 

• Weaker connections were common when panel reinforcement was governed by minimum 
reinforcement requirements and connection reinforcement was sized to provide the required lateral 
strength. 

• Spacing of connection reinforcement is typically larger than panel vertical reinforcement, leading to 
non-contact lap splice connections. 

2.1.1 Joint classifications 
Based on the panel survey by Seifi et al. (2016) as well as subsequent full-scale wall tests (Seifi et al. 2017, Seifi 
et al. 2019), the broad categories for precast connections in NZS 3101:2006 were refined as follows: 

• Jointed:  Defined as a joint flexural strength less than the panel flexural strength.  Inelastic deformations 
will be concentrated at the panel joint and panel reinforcement should not yield.  For example, the test 
panel shown in Figure 3a met this requirement and rocking about the panel joint contributed to 
approximately 80% of the lateral deformations.  The concentration of deformations and reinforcement 
strains at the joint leads to unreliable cyclic behaviour and ductility.  As such, jointed connections should 
only be used in nominally ductile plastic regions unless a special study is conducted to verify the 
available ductility capacity via an Alternative Solution. 

• Equivalent monolithic – Transition:  Defined as a joint flexural strength approximately equal to the panel 
flexural strength.  Significantly joint opening still occurs but yielding of reinforcement and inelastic 
deformations also occur in the wall panel.  For example, the test panel shown in Figure 3b had equal 
connection and panel strength and rocking about the panel joint contributed to approximately 50-60% 
of the lateral deformations with panel flexural and shear deformations accounting for the remainder.  
In general, design provisions for monolithic walls are still applicable to such designs and they can be 
classified as equivalent monolithic in accordance with NZS 3101:2006.  However, the concentration of 
strains at the joint may still reduce the available ductility and caution should be adopted as plastic hinge 
lengths and material strain limits (Kd) in NZS 3101:2006 are not calibrated for such precast walls. 

• Equivalent monolithic – Strong connection:  Defined as a joint flexural strength greater than the panel 
flexural strength and protected by capacity design from yielding the connection reinforcement.  
Inelastic deformations will be concentrated in the panel similar to a plastic hinge region in an equivalent 
monolithic reinforced concrete wall.  Such connections are suitable for panel-to-panel connections in 
multistorey walls where joint opening up the wall height may lead to instability and reduced drift 
control. 
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(a) Jointed connection  

[Panel 2 from Seifi et al. 2017] 

.  
(b) Equivalent monolithic – transition connection 

[Panel 1 from Seifi et al. 2017] 

Figure 3 Examples of precast panel lateral-load behaviour 

2.1.2 Minimum reinforcement 
Minimum vertical reinforcement requirements for walls in NZS 3101:2006 (Amendment 3 2017) are intended 
to provide crack control and ensure a good spread of inelastic demands in plastic hinge regions (cl. 11.3.12.3 
and 11.4.4.2).  The NZS 3101:2006 clauses state that these limits apply at “any section of a wall” and so both 
panel and connection reinforcement should satisfy these minimum reinforcement requirements.  

Maximum spacing limits in NZS 3101 cl. 11.3.12.2(c) are interpreted as applying to the panel reinforcing and do 
not apply to the spacing of connection reinforcement across joints. 

2.1.3 Classification of singly reinforced walls 
As described earlier, NZS 3101:2006 (Amendment 3 2017) states that singly reinforced walls can only be used 
in structures designed for nominally ductile actions and with a strength reduction factor of 0.7.  Doubly 
reinforced walls with a single layer of connection reinforcement should follow the limitations placed on singly 
reinforced walls in NZS 3101:2006 (cl. 2.3.2.2, cl. 11.3.1.5, cl. 11.3.12.3(a)), unless a strong connection design is 
adopted where capacity design principles are used to ensure that the single layer of connection reinforcement 
does not yield.  Acceptable capacity design procedures could include designing the connection reinforcement 
to have a nominal flexural strength that exceeded either the overstrength moment capacity of the adjacent 
panel section or the moment envelop demand based on the overstrength moment capacity developing at the 
critical section in the plastic hinge region.  

The requirements in NZS 3101:2006 cl. 11.3.12.2(a) are interpreted as applying to the panel reinforcing and do 
not apply to the number of layers of connection reinforcement. 
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2.1.4 Ductility and drift capacity 
NZS 3101:2006 (Amendment 3 2017) does not explicitly limit the design ductility that can be used for precast 
structures, but requirements for splices and mechanical couplers in the joints are likely to govern the design 
ductility.  Grouted connections using Drossbach ducts lead to a splice between the connection and panel 
reinforcement.  In accordance with NZS 3101:2006 (Amendment 3 2017), splicing of vertical reinforcement in 
walls shall be avoided within the ductile detailing length, with only staggered splices permitted in ductile or 
limited ductile plastic regions (cl. 11.4.8.1).  Although staggering of splices is possible to achieve for Drossbach 
connections using different length starter bars, it is not common in practice with Drossbach connections 
typically used in panels with only nominally ductile plastic regions.  Alternatively, a “strong” Drossbach 
connection could be used that is capacity design protected to ensure inelastic demands are located away from 
the connection and spliced reinforcement (see Design Case 3 in Appendix A).  However, such a design is not 
recommended as it would require the plastic hinge to form at the mid-height of the wall panel which may 
increase the risk of instability and this approach has not been validated by testing.  Grout sleeves couplers are 
classified as mechanical connections and in accordance with cl. 11.4.8.3, must be staggered when used in ductile 
or limited ductile plastic regions unless they meet the stiffness requirements of cl. 8.9.1.3. 

Caution should be applied when assessing the potential ductility of jointed connections that may exhibit only 
nominal or limited ductility.  Limiting curvatures (Kd) for plastic regions in NZS 3101:2006 (cl. 2.6.1.3.4 and Table 
2.4) are derived from tests of conventional reinforced concrete walls and may not reflect the deformation 
capacity of precast walls, especially when jointed connection designs are adopted.  Full-scale panel tests have 
shown that drift capacity of commonly designed precast walls with grouted connections is often controlled by 
fracture of the connection reinforcement (Seifi et al. 2017, Seifi et al. 2019).  Kd limits for nominally ductile 
plastic regions in NZS 3101:2006 will still provide acceptable deformation limits for walls with grouted 
connections (and should always be checked), Kd limits for limited ductile and ductile plastic regions are not 
considered appropriate.  As such, it was recently recommended that grouted precast panel connections using 
jointed design approach should typically be limited to nominally ductile design actions unless tests and analysis 
can show that sufficient ductility can be achieved (Shegay et al. 2020).  Such jointed connection designs proven 
by tests or analysis to exhibit reliable ductility beyond the Kd limits for nominally ductile plastic regions would 
need to follow the Alternative Solution compliance pathway. 

2.2 Drossbach connection reinforcement 

The use of grouted Drossbach connections between panels effectively creates a splice between the connection 
and panel reinforcement.  The design of this splice must be in accordance with NZS 3101 requirements, while 
recognising the impact of the Drossbach duct on the structural performance of the joint.  The Drossbach 
connection also results in additional detailing requirements to address potential cracking due to non-contact 
laps and/or shrinkage cracking of the panel around ducts, as well as positioning and anchorage of horizontal 
reinforcement. 

2.2.1 Drawing details 
Detailing of the connection and panel reinforcement requires specific design of the placement locations.  
Drawings need to clearly show key details, including the position of connection reinforcement relative to panel 
reinforcement, edge distances, lap lengths, etc.  An example of an exemplar drawing is shown in Figure 4a.  
Simplified drawings, such as that shown in Figure 4b, are inadequate and may lead to misalignment of 
connection reinforcement relative to panel reinforcement, compromising the lap design.  This is especially true 
when connection reinforcement spacing is not equal to or a multiple of the panel reinforcement spacing. 

Detailed panel drawings may be carried out by a third party in lieu of the design engineer, for example at the 
shop drawing stage.  However, the design engineer should ensure that the joint reinforcing layout is compliant 
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with the design intent, and that the expected number of reinforcing bars are provided.  Small changes to 
reinforcing layout can affect the design and response of the panels. 

Accurate drawings showing starter bar positions must be provided for use by the contractor with clear 
references to building gridlines or features to allow for the correct placement of the starter bars for every duct.  
For complex reinforcing arrangements or where little construction tolerance is provided, templates may be 
required to be used by the contractor to place the starter reinforcing correctly.  Additional guidance on 
structural and precast shop drawings and construction monitoring is provided in Guidance Document #2: New 
Buildings – Specification/Construction/Assurance (SESOC 2022a). 

 
(a) Drawing with appropriate detail 

 
(b) Drawing with inadequate detail 

Figure 4 Examples of drawing techniques 

2.2.2 Connection reinforcement arrangement 
Where possible connection reinforcement should lap directly with panel reinforcement.  However, it is common 
for connection reinforcement to consist of larger diameter bars at a larger spacing than the panel reinforcement, 
often with unequal total areas or strength.  This creates challenges for understanding the tension load path and 
careful consideration of the connection and panel reinforcement positioning is required. 

Examples of recommended reinforcement arrangements are shown in Figure 5 for both singly and double 
reinforced panels.  Key points include: 

• Spacing of connection reinforcement should align with panel reinforcement as closely as possible.  For 
example, connection reinforcement should either be the same spacing as the panel reinforcement for 
a direct lap or a multiple (e.g. x2) as an indirect or non-contact lap. 

• The actual reinforcing spacing may vary from the intended or specified spacing due to the panel 
dimensions, required cover, or other constraints.  The actual spacing should be checked in the joint 
design (e.g. with detailed drawings) to ensure that the joint reinforcing laps can be achieved consistent 
with the design assumptions.  Specifying lap lengths longer than the minimum required can also provide 
a margin to accommodate construction tolerance of reinforcement positions. 

• Tension load transfer should be considered relative to the design approach.  For example, an HD16 (A 
= 201 mm2) connection bar lapping to 2-HD12 (A = 226 mm2) panel reinforcing bars results in a slightly 
weaker connection or jointed design approach. 

• Horizontal reinforcement and transverse stirrups and ties should be designed to enclose both the 
panel and connection reinforcement and to resist tension generated by the non-contact lap splices 
(described further in section 2.2.5). 
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Figure 5 (a) Single layer of connection reinforcement lapped to single layer of panel reinforcement with the same spacing 

(Note:  Horizontal reinforcement split into two layers at connection on either side of Drossbach) 

 
Figure 5 (b) Single layer of connection reinforcement indirectly lapped to single layer of panel reinforcement with x2 

spacing (Note:  Horizontal reinforcement in two layers at connection on either side of Drossbach) 

 
Figure 5 (c) Single layer of connection reinforcement lapped to double layer of panel reinforcement with same spacing 

 
Figure 5 (d) Single layer of connection reinforcement lapped to double layer of panel reinforcement with x2 spacing 

 
Figure 5 (e) Double layer of connection reinforcement lap to double layer of panel reinforcement with x2 spacing 

Figure 5 Examples of Drossbach connection reinforcement layouts 
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2.2.3 Lap length 
The connection reinforcement must be designed to lap with the panel reinforcement to ensure a tension load 
path exists to generate flexural capacity.  The lap length must be designed in order to correctly specify the 
extension of the connection starter bars and the length of the Drossbach duct.  The lap splice design must follow 
NZS 3101:2006 (Amendment 3 2017) provisions, with key assumptions including: 

• Lap splice lengths should be calculated in accordance with the provisions in cl. 8.7.2. 
• When calculating the development length of the connection reinforcement, the specified strength of 

the grout used to fill the Drossbach duct can be used in place of f’c.  However, it is recommended that a 
grout strength value of no more than 1.5 f’c. be applied (e.g. 60 MPa grout strength with 40 MPa 
concrete strength) as this is outside the scope of prior testing of such connections. 

• The αc reduction factor in cl. 8.6.3.3 should not be applied to thin precast concrete panels as cracking 
due to shrinkage around Drossbach ducts or spalling of cover concrete during seismic loading are 
possible. 

• In most reinforcement arrangements the connection and panel reinforcement are not directly aligned 
and so a non-contact lap occurs, as shown in Figure 6.  As such, the required lap splice length needs to 
be increased by 1.5 times the clear separation distance between bars being spliced (sL) in accordance 
with cl. 8.7.2.5. 

• The development length of both the connection and panel reinforcement should be considered to 
ensure a complete tension load path from one to the other (see Figure 6).  Either bar may govern the 
required splice length depending on the reinforcement arrangement and respective bar sizes and 
grades. 

• The grout joint or shim height between panels or between the panel and the foundation should not be 
included in the calculated lap splice length (i.e. connection reinforcement should extend a length at 
least equal to the required lap length plus the height of the grouted joint). 

• Constructability should be considered when specifying the length of connection starter bars and 
Drossbach ducts, including potential uneven starter bar lengths to assist with alignment during 
construction, additional Drossbach duct length required for complete grouting, etc.  Refer to GD#2 
(SESOC 2022a). 

• The specified started bar length should also allow for some variation in the joint grout thickness and 
any potential unevenness in the underlying floor or foundation surface. 

• The use of the rules above has been verified by tests of common designs used in New Zealand.  Caution 
should be taken for any unusual designs that are outside the scope of what has been previously tested.  
Such examples include the use of grout strengths in excess of 1.5 f’c, Drossbach ducts not made from 
steel, Drossbach duct sizes that are significantly larger or smaller than 2.5db to 3db, and large diameter 
connection bars in thin panels (max bar diameters should comply with cl. 11.3.12.2d). 
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Figure 6 Drossbach non-contact lap splice example 

2.2.4 Duct length and diameter 
The minimum length of duct should be specified based on the minimum development length required for the 
connection reinforcement with an additional margin to allow for construction tolerances and to make 
placement of the panels easier on site (~50 mm).  Additional duct length also allows for the development length 
to be maintained if some grout leakage occurs.  However, care must be taken to consider the impact on the 
ungrouted duct ends on the panel strength (esp. out-of-plane cracking strength). 

The duct diameter needs to be sufficient to allow for construction tolerances with the alignment of both the 
duct and connection bars.  Based on appropriate tolerances in NZS 3109, a duct inside diameter of 
approximately 2.5db to 3db is recommended. 

2.2.5 Horizontal and transverse reinforcement 
Horizontal reinforcement and transverse reinforcement in the form of stirrups or ties are required in the 
Drossbach connection region for several reasons: 

• To resist the tension forces that are induced due to the non-contact lap splice between connection and 
panel reinforcement (see Figure 6).   

• Provide confinement to mitigate spalling or crushing of concrete around the Drossbach leading to 
potential loss of lap splice strength.  This is especially critical for singly reinforced walls where testing 
has shown that spalling tends to result in complete loss of concrete section on either side of ducts. 

• Control potential shrinkage cracks that have been observed around Drossbach ducts in constructed 
panels. 
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Examples of precast panels with Drossbach connections that were tested with and without transverse stirrups 
around the ducts are shown in Figure 7.  The panel without stirrups suffered a complete loss of concrete 
surrounding the Drossbach duct leading to a failure of the connection lap splice.  The stirrups were successful 
at preventing spalling and loss of concrete around the duct, and the panel could reach its full capacity prior to 
the connection bar fracturing. 

 
(a) Without stirrups 

 
(b) With stirrups 

Figure 7 Precast panel tests with and without stirrups around Drossbach ducts (Seifi et al. 2019) 

Key details of the recommended horizontal and transverse reinforcement detailing include: 

• Transverse reinforcement in the form of stirrups, cross ties, and horizontal bars should be used to 
contain the Drossbach duct and lapped panel reinforcement in all precast walls with Drossbach 
connections regardless of structural ductility requirements. 

• Horizontal reinforcement in the panel should be detailed in two layers on either side of the Drossbach 
ducts regardless of the number of layers of panel vertical reinforcement. For example, singly reinforced 
walls with HD12 horizontal reinforcement should be configured as two layers of HD10 horizontal bars 
over the length of the Drossbach duct (as shown in Figure 8a). 

• The transverse reinforcement may consist of closed stirrups around all Drossbach ducts, or a 
combination of closed stirrups around the end Drossbach ducts with cross ties connecting horizontal 
reinforcement and through the central region of the connection. 

• The required area (Atr) and spacing (s) of transverse reinforcement with a yield strength of fyt can be 
determined based on the diameter (db) and yield strength (fy) of the connection reinforcement in 
accordance with Equation 1. 
 

𝐴𝐴𝑡𝑡𝑡𝑡
𝑠𝑠
≥
𝑑𝑑𝑏𝑏𝑓𝑓𝑦𝑦
72𝑓𝑓𝑦𝑦𝑡𝑡

 Equation 1 

 
Note:  Equation 1 is a modification of NZS 3101:2006 Eq. 8-18, with the coefficient increased by 
a factor of 1.5 to 72 based on the estimated tension forces induced by the non-contact lap splice. 

• Spacing of transverse reinforcement should not exceed the smaller of either the horizontal 
reinforcement spacing or 10db (where db is the diameter of the connection reinforcement).  

An example of the possible arrangement of transverse and horizontal reinforcement around the Drossbach duct 
connection is shown in Figure 8. 



GD#3 : DESIGN BASIS AND WORKED EXAMPLES 

DRAFT ISSUE #9 - 17 April 2022  Page 12 

 
(a) End view 

 
(b) Elevation 

Figure 8 Example of transverse and horizontal reinforcement arrangement around Drossbach ducts 

2.2.6 Deformation capacity 
As discussed previously, jointed wall designs lead to localised concentrations of inelastic demand in the 
connection reinforcement which may lead to premature buckling and fracture.  Tests have shown that the use 
of transverse stirrups may further promote jointed wall behaviour and reduce the drift at which connection bars 
fracture (Seifi et al. 2019).  If additional vertical reinforcement is used to position stirrups around the Drossbach 
ducts and non-contact lap this can further lead to a strengthening of the panel and increased concentration of 
deformations at the joint.  As such, tests or specific analysis needs to be undertaken if designing precast walls 
with jointed connections within limited ductile or ductile plastic regions.  Such designs are outside the scope of 
NZS 3101:2006 and must follow the Alternative Solution compliance pathway. 

2.2.7 Debonding reinforcement 
Following the Canterbury earthquakes SESOC ‘Interim Design Guidance’ recommended debonding connection 
reinforcement in order to improve ductility and deformation capacity of precast panel joints.  While debonding 
may work in principle, detailing of reinforcement debonding in jointed designs requires careful consideration to 
avoid premature shear sliding or bar buckling, as highlighted in recent tests (Blount et al. 2020).  It is therefore 
not recommended to debond connection reinforcement in Drossbach connections designed in accordance with 
NZS 3101:2006 (Amendment 3 2017).  Jointed connections designs intended for limited ductile or ductile plastic 
regions may still require consideration of debonding to achieve the required deformation capacity, but as stated 
previously such designs must follow an Alternative Solution compliance pathway. 

2.3 Grout sleeve connection reinforcement 

Grout sleeves offer an alternative to Drossbach grouted connections, with the key differences being that they 
act as a direct coupler between two reinforcing bars and that they are proprietary products where the certified 
design allows a much shorter length of connection starter bar.  Grout sleeves may suit more heavily reinforced 
panels that are too congested for Drossbach ducts.  The precast panel survey by Seifi et al. (2016) showed that 
grout sleeves were more common in multi-storey construction. 
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2.3.1 Connection reinforcement arrangement 
Detailing of grout sleeve connections can vary and include both direct coupling of vertical reinforcement from 
one panel to the next, as well as the use of a separate centrally located connection bar that is lapped to panel 
vertical reinforcement.  Examples of grout sleeve connection arrangements for both singly and doubly 
reinforced walls are shown in Figure 9.  Note that transverse reinforcement is not included in the example 
drawings but should be considered as discussed in section 2.3.3. 

 
(a) Singly reinforced with reinf. directly 

coupled 

 
(b) Doubly reinforced lapped with 

single layer connection 

 
(c) Doubly reinforced with reinf. 

directly coupled 

Figure 9 Examples of grout sleeve connection reinforcement layouts 
[stirrups and/or cross ties omitted for clarity] 

2.3.2 Performance and compliance 
Tests of precast panels with grout sleeve connections highlighted some specific concerns about their design and 
seismic performance (Seifi 2020).  Issues identified included slip at the threaded end of the grout sleeve reducing 
wall stiffness, premature failure at the threaded end of grout sleeve, pull out of reinforcement from the grouted 
end of the sleeve prior to the wall reaching nominal flexural strength (see Figure 10a).  The panel tests and 
follow up isolated connection tests showed that grout sleeves are more susceptible to grouting defects as the 
grout space available for the bonding of a reinforcing bar is narrower than in a Drossbach duct (see Figure 10b) 
and the consequence of incomplete grouting is greater due to the short lap length not having reserve capacity.   

 
(a) Pull-out of connection bar 

 
(b) Incomplete grouting  

Figure 10 Failure of tested grout sleeves (Seifi 2020) 
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Grout sleeves are a proprietary product and so the design and construction must be in accordance with the 
manufacture’s specifications.  Engineers should review compliance documentation to ensure that the grout 
sleeves meet the requirements of NZS 3101:2006 (Amendment 3, 2017) when following the Verification 
Methods compliance pathway or direct certification to the relevant New Zealand Building Code requirements 
(e.g. via CodeMark).  Engineers should take responsibility for checking product data and compliance 
documentation rather than relying on broad marketing statements from suppliers.  Additional guidance on how 
such checking might be approach is included in Guidance Document #2: New Buildings – 
Specification/Construction/Assurance (SESOC 2022a). 

2.3.3 Design and performance requirements 
Several key points should be considered during the design and construction of panels with grout sleeve 
connections: 

• Grout sleeves should be classified as a “Mechanical connection” in NZS 3101:2006 and so must comply 
with the requirements of cl. 8.7.5, 8.6.11, and 8.9.1.3 unless compliance is proven to the New Zealand 
Building Code via the Alternative Solution pathway.  Key requirements include: 

o Capable of developing the upper bound breaking strength of the reinforcing bar without 
damage to the connection (cl. 8.6.11.1). 

o No evidence of thread stripping or significant distortion of the threads at the failure (cl. 
8.6.11.3). 

o All mechanical anchorages and connections to possess resistance to brittle fracture and 
specifically ruling out products made from cast iron (cl. 8.6.11.4). 

o Stiffness requirements for the connector subjected to both monotonic (cl. 8.7.5.2) and cyclic 
loading (cl. 8.9.1.3). 

• The embedment length of connection bars in grout sleeves is typically much less than that required by 
standard development length calculations, relying on the confinement of the sleeve to enhance the 
bond strength.  The reliability of the grout sleeve development length must be proven from tests and 
appropriately certified (e.g. CodeMark) to demonstrate equivalent performance to standard 
development length requirements.  Note: Such confinement enhancement is not available in lapped 
splices within Drossbach ducts where lap provisions in NZS 3101 should be followed. 

• Tolerances are tight for grout sleeves and so careful construction monitoring is required both to ensure 
accurate positioning of grout sleeves and starter bars as well as correct grouting procedures and QA. 
See additional guidance provided in Guidance Document #2: New Buildings – 
Specification/Construction/Assurance (SESOC 2022a). 

• Care must be taken to design and check the required starter bar length to achieve full embedment and 
development in accordance with the manufacture’s specifications (note that there may be little to no 
tolerance allowed for the embedment length stated in the proprietary product literature).  Ensuring full 
insertion of the bar into the grout sleeve is typically of critical importance.  The starter bar length should 
account for the panel joint (e.g. shim height), positioning disc used to secure the grout sleeve during 
panel construction, and other construction tolerances, as per the example shown in Figure 11. 

• Even when grout sleeves are used to directly couple panel reinforcement, it is recommended to place 
transverse stirrups around them to mitigate the risk of shrinkage cracks and spalling which can be 
exacerbated due to the embedment of large rigid items like grout sleeves within thin concrete panels.  
Transverse reinforcement should be detailed in accordance with recommendations for Drossbach 
connections in section 2.2.5. 

• Although grout sleeves are technically permissible in limited ductile and ductile hinge regions (cl. 
11.4.8.3), deformation capacity needs to be carefully considered as this is not adequately addressed in 
NZS 3101:2006 (see discussion below). 
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Figure 11 Grout sleeve starter bar length 

2.3.4 Deformation capacity and debonding reinforcement 
As discussed earlier, jointed wall designs lead to localised concentrations of inelastic demand in the connection 
reinforcement which may lead to premature fracture of reinforcement.  In addition, grout sleeves may restrict 
yield penetration of the joint reinforcement which may further increase the inelastic strain demands.  Test 
results showed that panels with grout sleeve connections fail at lower drift demands than comparable panels 
with grouted Drossbach connections (Seifi 2020).  Debonding of connection reinforcement may offer some 
benefit to deformation capacity but its inclusion needs careful detailing to avoid premature shear sliding or bar 
buckling, as highlighted in recent tests (Blount et al. 2020).  As a result of these concerns, tests or specific analysis 
needs to be undertaken if designing connections within limited ductile or ductile plastic regions as per 
NZS 3101:2006.   

2.4 Shear transfer at joints 

Shear transfer at precast panel joints with grouted connections also requires careful attention to detail with the 
discontinuous nature of the joint leading to possible shear-sliding behaviour.  In accordance with NZS 3101:2006 
cl. 18.6.5, connection failure should be controlled by yielding of reinforcement (i.e. flexural actions) with non-
ductile failure modes such as shear-sliding being supressed. 

2.4.1 Shear-sliding controlled walls 
Shear sliding is unable to provide any level of reliable plastic mechanism.  Tests show that the shear-friction 
capacity and stiffness of a joint rapidly degrade once the initial cracking occurs and the panel begins to slide 
(Mattock and Hawkins 1972).  Cyclic displacement along the joint cause further degradation of the joint capacity 
with a severely pinched hysteretic response (Mattock 1977).  As the sliding deformation is concentrated at the 
joint interface, it can have a significant effect on other connected or close structural and non-structural 
elements.  Given these considerations, it is recommended that where shear friction is the critical mechanism 
controlling the wall capacity (e.g. Design Case 1 in Appendix A), the wall actions are derived with an additional 
overload margin by using µ=1.0, Sp =1 design actions. 
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2.4.2 Shear friction 
Joint shear strength design should consider the following factors: 

• For walls in nominally ductile structures, the shear friction provisions in NZS 3101:2006 cl. 7.7 should be 
applied. 

• Shear sliding strengths from NZS 3101:2006 may be non-conservative for flexure dominant walls 
subjected to inelastic cyclic demands, where axial elongation and forces resisted by compression 
reinforcement may reduce the compression force acting across the joint interface and resulting shear 
sliding strength (especially in walls with low axial loads).  See results from panel tests by Seifi et al. 
(2019).  An alternative method to estimate shear-sliding strength is presented by Crisafulli et al. 2002 
that may be suitable for such cases. 

• The shear stress limits in NZS 3101:2006 cl. 7.7.5 should be checked at the joint using the lowest 
compressive strength of the connected components e.g. the lowest strength of the panel, the joint grout 
or the underlying footing.  

• The panel and foundation surfaces at grouted joints should be roughened in accordance with cl. 7.7.9 
to increase the available coefficient of friction and shear friction capacity (µf = 1.0, cl. 7.7.4.3).  Many 
existing panels may have smooth surface finishes along the interface which results in a reduced 
coefficient of friction and increased risk of sliding.  The required joint roughness should be clearly stated 
on the design drawings. 

• Where items such as steel or plastic shims, steel channels or other items are used in the joint contact 
area, the ‘effective roughness’ of the joint is reduced.  Where these affect a significant portion of the 
joint contact area or the area at the extreme ends of the wall, the lowest shear friction coefficient of 
these items should be used for the shear friction capacity calculation.  Shims used for supporting the 
wall should be minimised and should preferably be placed outside of the compression region of the wall 
joint interface. 

• A large grout thickness may increase the risk of shear sliding and should be avoided. 
• The reliability of the axial load included in the shear friction capacity should be carefully considered.  In 

taller structures the axial load acting on walls during seismic actions can vary and have a significant 
impact on the available shear friction capacity.   

• In addition to checking shear-friction strength of joints, the shear strength of the panel itself must also 
be considered.  In accordance with NZS 3101:2006, squat walls should be designed using strut and tie 
methods in addition to shear-friction at the base joint. 

• Debonding vertical joint reinforcement may reduce the shear strength provided by dowel action.  In 
addition, any temporary foam used to create movement tolerances for positioning starter bars must be 
removed and the voids grouted with high strength concrete along with the joint.  

2.5 Joint detailing 

For structural precast panels connections, it is preferable that the joint surfaces have a flat profile with the joint 
across the full panel width.  Stepped or scarf joints that are partially grouted, such as that shown in Figure 12, 
may be used for cladding panels to assist with waterproofing requirements.  As noted in Guidance Document 
#1, water ingress at grouted joints can be an issue in existing buildings (SESOC 2022b), and so a joint detail needs 
to balance both the structural design, weathertightness, and durability design aspects. 

Careful consideration needs to be given if stepped or other asymmetric joint profiles are used in structural 
panels for the following reasons: 
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• The reduced bearing area as a result of the partial grouting of the joint interface will increase the 
compressive stresses in both the concrete panel and the grout, affecting the axial load capacity and 
compression block in flexural calculations.  

• The partial grouting required to achieve the weather effective tightness performance will likely reduce 
the shear-sliding capacity of the joint. 

• Eccentricities created due to the asymmetry of the joint and location of the panel and connection 
reinforcement need to be accounted for in the design, especially when considering out-of-plane loads 
and stability. 

• The concrete downstand nib is vulnerable to damage and needs to be adequately reinforced to avoid a 
large chunk of the panel spalling (esp. during earthquake loading). 

 

Figure 12 Steeped or scarf panel joint 

2.6 Panel thickness 

As noted in Guidance Document #2 (SESOC 2022a), care needs to be taken to ensure that the minimum cover 
depths are achieved at grouted joints in precast concrete panels.  There are many design requirements that 
potentially influence the required panel thickness, including the panel design for in-plane and out-of-plane 
flexure, shear, axial actions, and stability requirements.  Key aspects of the grouted connection design that 
should be carefully considered when checking panel thickness and cover depths include: 

• Outside diameter of the corrugated Drossbach duct. 
• Positioning of panel vertical reinforcement relative to the duct. 
• Positioning of panel horizontal reinforcement relative to the duct, including use of two bars on either 

side of the duct in singly reinforced walls and hook dimensions to anchor at ends. 
• Position of transverse stirrups and ties required around the splice connections, including seismic hook 

dimensions. 
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3 Seismic Assessment of Existing Buildings 

Guidance on the potential deficiencies on existing (legacy) buildings and proposed inspection methods are 
covered in Guidance Document #1: Existing (Legacy) Buildings – Investigation and Remediation (SESOC 2022b).  
In addition, discussion on observed defects and the implication to seismic capacity are described in the paper 
by Freeman (2021).  When considering the seismic capacity of an existing building, the influence of both designs 
that are not consistent with current design standards and the potential for the existence of construction defects 
need to be considered.  Detailed seismic assessments of such structures should be conducted in accordance 
with the guidelines for the seismic assessment of existing buildings (MBIE 2017).  Additional guidance regarding 
the treatment of grouted splices connection using either Drossbach ducts and grout sleeve couplers was 
included in the revised Section C5 (yellow chapter version) of the seismic assessment guidelines (MBIE 2018). 
Guidance on the treatment of design or construction deficiencies is briefly described with respect to the key 
design variables and recommended detailing, including lap length, shear friction, transverse reinforcement 
around connections, and grout sleeves. 

3.1 Lap length 

Insufficient lap length in Drossbach grouted connections may occur in existing buildings due to the design lap 
length being insufficient (e.g. failing to account for increased development length due to non-contact splice) or 
due to defective grouting with the duct only partially filled.  When the lap length is deficient, it may be necessary 
to determine the resulting tensile capacity of the as-built splice either to assess the seismic capacity of the wall 
or to determine if a repair is required. 

The use of NZS 3101:2006 lap splice provisions (as described in section 2.2.3) are appropriate for new design 
but may be conservative when considering the actual lap length required to fully develop the connection 
reinforcement.  Test have shown that the actual development length required to achieve the ultimate capacity 
of reinforcing bars grouted into Drossbach ducts in well confined large concrete members may be as short as 
25-50% of the calculated design development length.  Although some reduction may be justified in the length 
required to develop the connection reinforcement in existing buildings when compared to current design 
standards, caution should be taken when interpreting test results of bars in Drossbach ducts in large concrete 
elements where the potential splitting failure mode in thin panels may not be adequately captured. 

Section C5 (yellow chapter version) of the seismic assessment guidelines (MBIE 2018) provides a procedure to 
determine the maximum tension stress that can develop in splices where the development length is less than is 
provided in NZS 3101:2006 (clause C5.4.4).  While this expression is generic to all splices, it is suitable for splices 
in grouted connections as well.  An example of the C5 equation being implemented to assess the strength of 
defective grouted connections is presented in Freeman (2021). 

3.2 Shear friction 

As recommended in section 2.4.2, the panel and foundation surfaces at grouted joints should be roughened to 
increase the coefficient of friction.  In existing buildings, it should be assumed that surfaces are smooth unless 
the use of a roughened surface can be verified and accordingly a coefficient of friction of µf = 0.6 should be used 
as per NZS 3101:2006 (cl. 7.7.4.3).  Shear friction calculations rely on the tensile capacity of the connection 
reinforcement being full developed to generate the normal force across the joint interface.  As a result, joint 
shear strength is also affected by grouting defects as less connection reinforcement is available to generate 
shear friction capacity, as discussed in Freeman (2021). 

3.3 Transverse reinforcement 

The use of transverse reinforcement (e.g. stirrups) to confine the non-contact splice connection is likely to vary 
in existing buildings.  Many older precast panels would not have included the stirrups specified in section 2.2.5.  
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Although the use of transverse reinforcement is intended to address several potential issues and increases the 
robustness of the connection design, panels without transverse reinforcement can still exhibit sufficient flexural 
capacity and exhibit some ductility (Seifi et al. 2019).  However, the load paths are increasingly unreliable when 
transverse reinforcement is not present as the concrete tensile strength is being relied on to maintain the non-
contact lap-splice.  When assessing the seismic capacity of existing panels without the recommended transverse 
reinforcement the following points should be considered: 

• Horizontal reinforcement could be used to resist lateral tension forces that develop from the non-
contact lap splices (assuming two layers of horizontal reinforcement that are properly anchored at the 
ends). 

• Concrete spalling around Drossbach ducts leading to loss of the splice is most likely to occur at the ends 
of the walls and at compressive strains in excess of those required to generate the nominal flexural 
strength. 

• Test data on the performance of such connections is limited and existing tests may not account for some 
critical load cases, including walls with high axial loads or bi-directional loading demands. 

3.4 Grout sleeves 

As discussed in section 2.3.2, previous tests of precast panels with grout sleeve connections identified several 
potential issues including slip at the threaded end of the grout sleeve reducing wall stiffness, premature failure 
at the threaded end of grout sleeve, and pull out of reinforcement from the grouted end of the sleeve prior to 
the wall reaching nominal flexural strength (Seifi 2020).  All of these issues can impact on the assessed seismic 
capacity of existing buildings where grout sleeve panel connections are present. 

Section C5 (yellow chapter version) of the seismic assessment guidelines (MBIE 2018) provides detailed 
provisions to address the capacity of reinforcing bar mechanical couplers (clause C.5.4.5).  The capacity of a bar 
coupled with grout sleeves is limited to the probable yield strength of the bar (Table C5.5).  In addition, because 
the failure of couplers is often brittle, such connections are considered to be force controlled and so an 
additional 0.67 reduction factor should be applied to the probable member strength when grout sleeves are 
used in the connections (clause C5.4.5.1).  In reality the failure of walls with grout sleeve connections is unlikely 
to be brittle, with only a portion of the grout sleeve couplers at any wall section potentially defective.  As such 
a probabilistic approach may be appropriate to considering the proportion of defective grout sleeves and 
resulting impact of wall flexural strength and deformation capacity. 

3.5 Deformation capacity 

Section C5 (yellow chapter version) of the seismic assessment guidelines (MBIE 2018) also discusses the 
deformation capacity of connections in precast panels.  As discussed previously, jointed walls lead to a 
concentration of strains at the panel joint which can reduce the deformation capacity when compared to an 
equivalent monolithic wall.  In C5 such jointed walls are covered within the provisions for the plastic hinge length 
when deformation localises at a single crack.  In the case of both grout sleeves and Drossbach ducts the length 
of strain penetration is likely to be reduced and so a reduction factor is recommended (ksp in equation C5.52). 
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Appendix A: Design Cases for Grouted Duct Connections 

Case Joint Design Case Design Basis Assessment Basis Notes 

1 
 

Jointed 
Panel – 
Shear 

controlled 
 

Failure mechanism: Shear 
failure along the base joint 
interface causing sliding. 
Limited flexural deformations. 
 
Design ductility: µ < 1.25 
 
Typical configuration: Low-
rise buildings or basements 
with squat shear walls (singly 
or doubly reinforced). 
Typical for walls with aspect 
ratio (Height/Length) < 1, 
depending on configuration 
and loading. 
 

 
 

Proportion joint reinforcing to 
provide sufficient shear 
friction capacity for design 
actions (ΦVj > V*) [Note 1] 
 
Ensure that the building can 
form a plastic mechanism that 
is not governed by shear-
sliding of the wall or that 
design actions are applied 
that prevent inelastic 
deformations [Note 1] 
 
Check the allowable 
deformation limits for squat 
walls in NZS 3101:2006 cl. 
2.6.1.3.4(e) 

Check probable shear friction 
capacity of joints. 
 
Displacement based 
assessment is not 
recommended for these walls 
as yield occurs at very low 
displacements (typically<5mm 
sliding). [Note 2] 
 
Capacity is directly related to 
number of connection bars 
across the joint, so the impact 
of defective grouted duct 
connections can be assessed 
using the average splice 
capacity of all of the grouted 
ducts in the panel. 
 

[1] Joint shear failure must be avoided to meet the requirements 
of NZS 3101:2006 cl. 18.6.5.  In addition, as per NZS 3101:2006 cl. 
2.6.6.1 a permitted ductile mechanism must govern the response 
of the structure (e.g. plastic hinge in cantilever walls above the 
basement level squat walls). Alternatively, by designing the wall 
for elastic design actions (μ = 1.0, Sp = 1.0) including an 
appropriate strength reduction factor, the likelihood of the joint 
shear capacity being exceeded during MCE demands would be 
reduced. If the consequences of failure of the joint are carefully 
considered (no loss to structural gravity load capacity or stability of 
the panel), this type of design may be acceptable as an Alternative 
Solution. 
 
[2] Shear friction tests show a very limited range of reliable sliding, 
and rapid capacity reduction once the joint shear capacity is 
exceeded. Recommend using µ = 1.0 where shear friction is the 
governing plastic mechanism for the building.  
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Case Joint Design Case Design Basis Assessment Basis Notes 

2 
 

Jointed 
Panel – 
Flexure 

Governed 
 

Failure mechanism: Flexural 
yielding with a hinge forming 
along a single crack at the 
panel joint interface. 
 
Design ductility: µ=1.25 [Note 
1] 
 
Typical configuration: Low or 
medium rise buildings with 
singly or doubly reinforced 
walls.  
Typical for walls with aspect 
ratio (Height/Length) > 1, 
depending on configuration.  
Wall panel reinforcing 
quantity is greater than the 
joint reinforcing. 
 

 
 

Proportion joint reinforcing to 
provide sufficient flexural 
capacity under nominally 
ductile loads. (ΦMj > M*)  
[Note 2]. 
 
Check the allowable 
deformation limits (Kd) for 
nominally ductile plastic 
regions in NZS 3101:2006 cl. 
2.6.1.3.4. 
 
Check that the joint 
reinforcing has sufficient joint 
shear capacity to prevent the 
formation of a brittle failure 
mechanism (refer to case 1); 
recommend use of shear 
demand resulting from the 
joint flexural overstrength.  
 
Provide transverse 
reinforcement around all 
ducts to provide confinement 
for the non-contact splice. 

Assessment may find that the 
joint has some level of reliable 
ductile behaviour. 

Check joint rotation capacity 
using limited hinge length 
based on single crack 
interface. [Note 1] 

Capacity is dependent on the 
location and capacity of 
connection bars across the 
joint so the impact of 
defective grouted duct 
connections is not easily 
assessed unless every location 
is investigated. Carry out 
investigation of splices which 
are relied on in the assessed 
capacity. 

[1] Grouted connections adopting a jointed design approach 
with splices at a single section cannot typically be used in 
limited ductile or ductile plastic regions as per NZS 3101:2006 
cl. 11.4.8.  Use of jointed wall designs using grouted 
connections in structures with limited ductile or ductile 
plastic regions requires a special study to confirm the 
available deformation capacity and would need to be 
considered as an Alternative Solution. 
 
[2] Jointed design case covered in NZS 3101:2006 cl. 18.8.4.3, 
where the critical actions occur at the joint interface and a 
flexural mechanism is critical.  
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Case Joint Design Case Design Basis Assessment Basis Notes 

3 
 

Equivalent 
Monolithic 
Panel Joint 

 

Failure mechanism: Flexural 
yielding in the wall panel 
forming a distributed hinge 
within the panel.  
 
Design ductility: µ≥1.25  
 
Typical configuration: 
Medium rise or high rise 
building walls (doubly 
reinforced). 
Wall base joint or panel-to-
panel joints [Note 1] 
Typical for walls with aspect 
ratio (Height/Length) > 2, 
depending on configuration. 
 

 

Design joint for actions arising 
from the flexural overstrength 
of the wall panel. [Note 2] 
 
Check the allowable 
deformation limits (Kd) for 
plastic regions in NZS 
3101:2006 cl. 2.6.1.3.4. 
 
Check shear friction and 
flexural capacity at the joint 
interface using overstrength 
design actions. 
 
Provide transverse 
reinforcement around all 
ducts to provide confinement 
for the non-contact splice. 

Check that wall joint failure 
will not occur (case 1 or case 
2) by calculating probable 
joint and panel capacity 
hierarchy. Ensure that defects 
in the grouted ducts are 
accounted for in the splice 
capacity. 

Check panel capacity. 

Joint grouted connections are 
critical to maintaining the 
panel displacement capacity 
(due to greater hinge length) 
by supressing failure at the 
joint. As a result, the capacity 
of the grouted duct 
connections is critical. As-built 
joint capacity is dependent on 
the location and capacity of 
connection bars across the 
joint so the impact of 
defective grouted duct 
connections is not easily 
assessed unless every location 
is investigated. Therefore 
need to carry out an 
investigation of splices which 
are relied on in the assessed 
capacity. 

[1] Strong equivalent monolithic connections may be used to 
prevent yielding at the wall base and relocation of the plastic 
region into the wall panel away from the spliced connection 
reinforcement.  However, this approach is not recommended as 
the wall may be more susceptible to out-of-plane instability. 
Strong equivalent monolithic connections are also suitable for 
panel-to-panel connections to avoid yielding at panel joints in 
multi-storey walls. 
 
[2] Equivalent monolithic case covered in NZS 3101 cl. 18.8.4.2.2 
where the critical actions occur in the precast panel away from the 
joint interface. Requires capacity design of panel joint connection.  
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Appendix B:  Design Examples 
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B1 Design Case 1:  Shear governed joint design example 

 

B1.1 Design Assumptions: 

Summary of key design assumptions in accordance with flowchart design steps 
described in GD#3. 

Step 1: Inelastic mechanism Shear (for wall) 

Step 2: Design actions Nominally ductile, (𝝁𝝁 = 𝟏𝟏.𝟎𝟎,  𝑺𝑺𝒑𝒑  = 𝟏𝟏.𝟎𝟎)1 

Step 3: Wall reinforcement Single layer of reinforcing in panel 

Step 4: Plastic region Nominally ductile plastic region 

Step 5: Connection type Drossbach duct grouted splice 

Step 6: Connection reinforcing Single layer of joint reinforcing 

Step 7: Joint design Jointed/weak connection 

Step 8: Design requirements Singly reinforced wall requirements 
Notes: 

1. Shear mechanism does not provide any reliable inelastic displacement so 
(𝜇𝜇 = 1.0,  𝑆𝑆𝑝𝑝  = 1.0) should be used to limit to elastic design actions. Note 
that NZS 3101 defines nominally ductile as 𝜇𝜇 ≤ 1.25.  

Design actions at connection: 

 

 

 

 

Commentary 
(section of 

GD#3) 

 
Section 2 & 

Figure 2 
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B1.2 Wall panel parameters 

𝐿𝐿𝑤𝑤 = 8000 𝑚𝑚𝑚𝑚 

𝐻𝐻𝑤𝑤 = 3000 𝑚𝑚𝑚𝑚 

 𝑡𝑡𝑤𝑤 = 175 𝑚𝑚𝑚𝑚 

𝑓𝑓′𝑐𝑐 = 40 𝑀𝑀𝑀𝑀𝑀𝑀 

 𝜙𝜙 = 0.7    (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑑𝑑 −  𝑀𝑀𝑠𝑠 𝑝𝑝𝑟𝑟𝑟𝑟 𝑁𝑁𝑁𝑁𝑆𝑆 3101 𝑟𝑟𝑠𝑠 2.3.2.2) 

wall aspect ratio,  𝐻𝐻𝑤𝑤
𝐿𝐿𝑤𝑤

= 0.4, likely to be shear controlled 

 

B1.3 Joint design actions (μ = 1.0, Sp = 1.0): 

𝑉𝑉∗ = 600 𝑘𝑘𝑁𝑁 

𝑁𝑁∗ = 101 𝑘𝑘𝑁𝑁 

𝑀𝑀∗ = 1800 𝑘𝑘𝑁𝑁𝑚𝑚 

 

B1.4 Check maximum shear stress limit 

Check maximum shear stress at joint interface in accordance with NZS 3101 cl. 7.5.2: 

𝑣𝑣𝑛𝑛 < 𝑚𝑚𝑠𝑠𝑠𝑠 (0.2𝑓𝑓′𝑐𝑐, 6 𝑀𝑀𝑀𝑀𝑀𝑀) 

𝑣𝑣𝑛𝑛 =
600 𝑘𝑘𝑁𝑁

0.7�
175 𝑚𝑚𝑚𝑚 ∗ (8.0 𝑚𝑚 ∗ 0.8)

= 0.77 𝑀𝑀𝑀𝑀𝑀𝑀 < 𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚 (6 𝑀𝑀𝑀𝑀𝑀𝑀)   ∴ 𝑂𝑂𝑂𝑂 

 

B1.5 Check shear friction 

Determine joint reinforcing required for shear friction as per NZS 3101 cl. 7.7.4: 

Specify roughened joint surface (5mm amplitude): 

𝜇𝜇𝑠𝑠𝑠𝑠 = 1.0     (as per NZS 3101 cl 7.7.4.3) 

Joint shear capacity: 

𝜙𝜙𝑉𝑉𝑠𝑠𝑠𝑠 = 𝜙𝜙 ∗ 𝜇𝜇𝑠𝑠𝑠𝑠 ∗ (𝐴𝐴𝑠𝑠 ∗ 𝑓𝑓𝑦𝑦 + 𝑁𝑁) 

Where 𝑁𝑁∗is reliable permanent axial load only (as per NZS 3101 cl. C7.7.4) 

𝑉𝑉∗ < 𝜙𝜙𝑉𝑉𝑠𝑠𝑠𝑠  

Therefore:  (𝐴𝐴𝑠𝑠 ∗ 𝑓𝑓𝑦𝑦) > 𝑉𝑉∗

𝜙𝜙∗𝜇𝜇𝑠𝑠𝑠𝑠
− 𝑁𝑁∗ 

�𝐴𝐴𝑠𝑠 ∗ 𝑓𝑓𝑦𝑦� >
600 𝑘𝑘𝑁𝑁

0.70 ∗ 1.0
− 101𝑘𝑘𝑁𝑁 = 756 𝑘𝑘𝑁𝑁 
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Try HD16 reinforcing: 𝐴𝐴s ∗ 𝑓𝑓y = 100 𝑘𝑘𝑁𝑁 

𝑁𝑁𝑁𝑁𝑚𝑚𝑁𝑁𝑟𝑟𝑟𝑟 𝑟𝑟𝑓𝑓 𝑁𝑁𝑀𝑀𝑟𝑟𝑠𝑠 =
756 𝑘𝑘𝑁𝑁
100 𝑘𝑘𝑁𝑁

= 7.6 𝑁𝑁𝑀𝑀𝑟𝑟𝑠𝑠 

8 × HD16 bars required to resist design joint shear actions. 

Note that the NZS 3101 provides an alternative method in C7.7.4.1 that allows for 
contribution from the concrete capacity; this is appropriate for use with walls with 
limited axial load contribution and high levels of wall reinforcing. 

 

B1.6 Determine joint reinforcing spacing: 

Maximum permitted reinforcing spacing in wall panel is 300 mm (NZS 3101 cl. 
11.3.11.3.8), therefore a one-to-two lap splice with the vertical reinforcing will have 
a maximum 600 mm starter spacing.  

Check minimum reinforcing requirement (NZS 3101 cl. 11.3.12.3(c)): 

𝜌𝜌𝑚𝑚𝑚𝑚𝑛𝑛 =
�𝑓𝑓′𝑐𝑐
4𝑓𝑓𝑦𝑦

=  
√40𝑀𝑀𝑀𝑀𝑀𝑀

4 ∗ 500𝑀𝑀𝑀𝑀𝑀𝑀
= 0.0032 

𝑠𝑠𝑚𝑚𝑚𝑚𝑛𝑛 =  
201𝑚𝑚𝑚𝑚2

175𝑚𝑚𝑚𝑚 ∗ 0.0032
= 359 𝑚𝑚𝑚𝑚 

Increase joint reinforcing to HD20: 

𝑠𝑠𝑚𝑚𝑚𝑚𝑛𝑛 =  
314𝑚𝑚𝑚𝑚2

175𝑚𝑚𝑚𝑚 ∗ 0.0032
= 560 𝑚𝑚𝑚𝑚 

 

Try starters at approximately 550 mm centres, 15 bars total: 

𝐴𝐴𝑠𝑠 ∗ 𝑓𝑓𝑦𝑦 = 23 ∗ 201𝑚𝑚𝑚𝑚2 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀 = 2311𝑘𝑘𝑁𝑁 > 756 𝑘𝑘𝑁𝑁 
∴ 𝑂𝑂𝑂𝑂 𝑓𝑓𝑟𝑟𝑟𝑟 𝑗𝑗𝑟𝑟𝑠𝑠𝑠𝑠𝑡𝑡 𝑠𝑠ℎ𝑟𝑟𝑀𝑀𝑟𝑟 

 

Duct spacing is given by: 

(8000 𝑚𝑚𝑚𝑚− 100𝑚𝑚𝑚𝑚)
15

= 526 𝑚𝑚𝑚𝑚 

Assume 535mm centres 

Edge distance: 

 
 
 
 
 
 
 
 
 
 
 
 

Section 2.2.2 
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(8000 𝑚𝑚𝑚𝑚−535𝑚𝑚𝑚𝑚∗14)
2

=255 

ADOPT 15×HD20 connection reinf @ 535 mm centres, with 255mm end spacing 

 

B1.7 Check assumption that joint shear strength governs: 

Moment at first yield: 

𝑀𝑀𝑦𝑦𝑦𝑦𝑚𝑚𝑦𝑦𝑦𝑦,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡 = 10802 𝑘𝑘𝑁𝑁𝑚𝑚   (from moment-curvature analysis) 

Single storey panel so load applied at top, therefore: 

𝑉𝑉𝑠𝑠𝑦𝑦𝑦𝑦𝑚𝑚𝑓𝑓𝑡𝑡𝑦𝑦 =
𝑀𝑀𝑦𝑦𝑦𝑦𝑚𝑚𝑦𝑦𝑦𝑦,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡

𝐻𝐻𝑤𝑤
=

10802 𝑘𝑘𝑁𝑁𝑚𝑚
3.0 𝑚𝑚

= 3600𝑘𝑘𝑁𝑁 

 

𝑉𝑉𝑝𝑝𝑡𝑡𝑗𝑗𝑏𝑏,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡 = 𝜇𝜇𝑠𝑠𝑠𝑠 ∗ �𝐴𝐴𝑠𝑠 ∗ 𝑓𝑓𝑦𝑦 + 𝑁𝑁� = 1 ∗ (100 𝑘𝑘𝑁𝑁 ∗ 14 + 76 𝑘𝑘𝑁𝑁) = 2311 𝑘𝑘𝑁𝑁 

𝑉𝑉𝑝𝑝𝑡𝑡𝑗𝑗𝑏𝑏,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡

𝑉𝑉𝑠𝑠𝑦𝑦𝑦𝑦𝑚𝑚𝑓𝑓𝑡𝑡𝑦𝑦
< 1 

Therefore, shear is critical. 

 

B1.8 Select horiz reinforcing and duct size: 

Horizontal reinf. adjacent to ducts use 2/HD 12 in place of HD16, check reinforcing 
area is maintained: 

2HD12 (2 ∗ 113 𝑚𝑚𝑚𝑚2) > HD16 (201 𝑚𝑚𝑚𝑚2)    OK 

Check maximum clear space available for duct: 

 

Total space for duct is wall thickness less exterior environment class B1 cover, 2 layers 
HD12 horizontal reinforcing, 10 mm construction tolerance for cover for each layer 
(NZS 3109), and the interior environment A1 cover. Therefore, the maximum clear 
space available is: 

175 𝑚𝑚𝑚𝑚− (30 𝑚𝑚𝑚𝑚 + 2 ∗ 12 𝑚𝑚𝑚𝑚 + 2 ∗ 10 𝑚𝑚𝑚𝑚 + 15 𝑚𝑚𝑚𝑚) = 86 𝑚𝑚𝑚𝑚 
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Check minimum internal diameter (ID) required for duct to provide sufficient 
tolerance (Refer to NZS 3109 table 5.2 and section 3.9 for details of standard concrete 
construction tolerances): 

Assuming 3109 tolerances, take the minimum diameter of duct as the sum of wall 
duct tolerance in each direction and bar diameter (assumes starters are placed with 
a template provided by the precast manufacturer: 

(±12 𝑚𝑚𝑚𝑚) ∗ 2 + 20 𝑚𝑚𝑚𝑚 = 44 𝑚𝑚𝑚𝑚 

Suggested minimum practical size for grouting purposes is 3 ∗ 𝑑𝑑𝑏𝑏 = 60 𝑚𝑚𝑚𝑚: 

ADOPT 60 mm ducts (ID) with HD 20 reinforcing 

 

B1.9 Calculate duct and splice length requirement: 

Specify minimum 60 MPa grout 𝑓𝑓′𝑐𝑐_𝑔𝑔𝑡𝑡𝑗𝑗𝑓𝑓𝑡𝑡 = 60 𝑀𝑀𝑀𝑀𝑀𝑀 

𝐿𝐿𝑦𝑦 =
0.5 ∗ 𝛼𝛼1 ∗ 𝑓𝑓𝑦𝑦

�𝑓𝑓′𝑐𝑐
∗ 𝑑𝑑𝑏𝑏  (𝑁𝑁𝑁𝑁𝑆𝑆 3101 𝑟𝑟𝑠𝑠. 8.6.3.2) 

Panel reinforcing (HD16) development length:  

𝐿𝐿𝑦𝑦,𝑝𝑝𝑚𝑚𝑛𝑛𝑦𝑦𝑦𝑦 =
0.5 ∗ 1 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀

√40 𝑀𝑀𝑀𝑀𝑀𝑀
∗ 16 𝑚𝑚𝑚𝑚 = 632 𝑚𝑚𝑚𝑚 

Joint reinforcing (HD20) development length: 

𝐿𝐿𝑦𝑦,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡 =
0.5 ∗ 1 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀

√60 𝑀𝑀𝑀𝑀𝑀𝑀
∗ 20 𝑚𝑚𝑚𝑚 = 645 𝑚𝑚𝑚𝑚 

Therefore, joint reinforcing development length governs. 

Allow for non-contact lap bar spacing 𝑆𝑆𝐿𝐿 = 135 𝑚𝑚𝑚𝑚 (NZS 3101 cl. 8.7.2.5): 

𝐿𝐿𝑦𝑦,𝑡𝑡 = 645𝑚𝑚𝑚𝑚 + 1.5 ∗ 135𝑚𝑚𝑚𝑚 = 848 𝑚𝑚𝑚𝑚 

ADOPT 𝟗𝟗𝟗𝟗𝟎𝟎 𝒎𝒎𝒎𝒎 starter bar length in 𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝒎𝒎𝒎𝒎 duct, which provides 102 𝑚𝑚𝑚𝑚 and 
50 𝑚𝑚𝑚𝑚 construction tolerance for the bar length and duct lengths respectively. 

Note that for a panel supported on a foundation footing the total NZS 3109 minimum 
tolerances required is +5mm/-37mm. 

 

B1.10 Design transverse reinforcement  
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Specify lap slice confinement using Equation 1 recommended in section 2.2.5: 

𝐴𝐴𝑡𝑡𝑡𝑡
𝑠𝑠
≥
𝑑𝑑𝑏𝑏 ∗ 𝑓𝑓𝑦𝑦
72 ∗ 𝑓𝑓𝑦𝑦𝑡𝑡

   

𝑠𝑠 ≤
72 ∗ 𝑓𝑓𝑦𝑦𝑡𝑡 ∗ 𝐴𝐴𝑡𝑡𝑡𝑡

𝑑𝑑𝑏𝑏 ∗ 𝑓𝑓𝑦𝑦
 

Try R8 stirrup (Atr = 50 mm2): 

𝑠𝑠 ≤
72 ∗ 300 𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 50 𝑚𝑚𝑚𝑚2

20 𝑚𝑚𝑚𝑚 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀
= 108 𝑚𝑚𝑚𝑚 

Check max spacing:  10db = 200 mm 

ADOPT R8 stirrups around ducts at 100 mm c/c 

 

B1.11 Final panel configuration shown on drawing DC1 

 

 

 
Equation 1 

Section 2.2.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 2.2.1 
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B2 Design Case 2:  Flexural joint design example 

 

B2.1 Design Assumptions: 

Summary of key design assumptions in accordance with flowchart design steps 
described in GD#3. 

Step 1: Inelastic mechanism Flexural (permitted inelastic mechanism) 

Step 2: Design actions Nominally ductile (𝝁𝝁 = 𝟏𝟏.𝟐𝟐𝟗𝟗,  𝑺𝑺𝒑𝒑  = 𝟎𝟎.𝟗𝟗) 

Step 3: Wall reinforcement Two layers of reinforcing in panel 

Step 4: Plastic region Nominally ductile plastic region 

Step 5: Connection type Drossbach duct grouted splice 

Step 6: Connection reinforcing Single layer of joint reinforcing 

Step 7: Joint design Jointed/weak connection 

Step 8: Design requirements Singly reinforced wall requirements 

Design actions at connection: 

 

Commentary 
(section of 

GD#3) 

 
Section 2 & 

Figure 2 
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B2.2 Wall panel parameters 

𝐿𝐿𝑤𝑤 = 3500 𝑚𝑚𝑚𝑚 

𝐻𝐻𝑤𝑤 = 12000 𝑚𝑚𝑚𝑚 

 𝑡𝑡𝑤𝑤 = 225 𝑚𝑚𝑚𝑚 

𝑓𝑓′𝑐𝑐 = 40 𝑀𝑀𝑀𝑀𝑀𝑀 

 𝜙𝜙 = 0.7    (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑑𝑑 −  𝑀𝑀𝑠𝑠 𝑝𝑝𝑟𝑟𝑟𝑟 𝑁𝑁𝑁𝑁𝑆𝑆 3101 𝑟𝑟𝑠𝑠 2.3.2.2) 

wall aspect ratio,  𝐻𝐻𝑤𝑤
𝐿𝐿𝑤𝑤

> 3, flexure likely to be critical 

 

B2.3 Joint design loads (μ = 1.25, Sp = 0.9): 

𝑉𝑉∗ = 220 𝑘𝑘𝑁𝑁 

𝑁𝑁∗ = 600 𝑘𝑘𝑁𝑁 

𝑀𝑀∗ = 2100 𝑘𝑘𝑁𝑁𝑚𝑚 

𝑀𝑀∗

𝜙𝜙
=

2150 𝑘𝑘𝑁𝑁𝑚𝑚
0.7

= 3071 𝑘𝑘𝑁𝑁𝑚𝑚 

 

B2.4 Estimate reinforcing required for flexure: 

Calculate flexural strength from axial load: 

𝑁𝑁∗ = 𝐶𝐶 = 600 𝑘𝑘𝑁𝑁 

 𝑀𝑀1 = 600 𝑘𝑘𝑘𝑘
0.85∗40 𝑀𝑀𝑀𝑀𝑚𝑚∗225 𝑚𝑚𝑚𝑚

= 78 𝑚𝑚𝑚𝑚 

 𝑀𝑀1 = 600 𝑘𝑘𝑁𝑁 ∗ �3500 𝑚𝑚𝑚𝑚
2

− 78 𝑚𝑚𝑚𝑚
2

� = 1027 𝑘𝑘𝑁𝑁𝑚𝑚 

Flexural strength required from joint reinforcing: 

𝑀𝑀2 =
𝑀𝑀∗

𝜙𝜙
−𝑀𝑀1 = 1973 𝑘𝑘𝑁𝑁𝑚𝑚 

𝑀𝑀2 =
1973 𝑘𝑘𝑁𝑁𝑚𝑚
1027 𝑘𝑘𝑁𝑁𝑚𝑚

∗ 78 𝑚𝑚𝑚𝑚 = 150 𝑚𝑚𝑚𝑚 

𝑇𝑇 =
1973 𝑘𝑘𝑁𝑁𝑚𝑚

3500 𝑚𝑚𝑚𝑚
2 − 150 𝑚𝑚𝑚𝑚

2 − 78
= 1235 𝑘𝑘𝑁𝑁 

𝐴𝐴𝑠𝑠_𝑡𝑡𝑦𝑦𝑟𝑟 =
1235 𝑘𝑘𝑁𝑁
500 𝑀𝑀𝑀𝑀𝑀𝑀

= 2470 𝑚𝑚𝑚𝑚2 

Try HD20 at 450 mm c/c, 8 bars total: 

𝐴𝐴𝑠𝑠 = 2512 𝑚𝑚𝑚𝑚2 > 𝐴𝐴𝑠𝑠𝑟𝑟𝑟𝑟𝑟𝑟(2470 𝑚𝑚𝑚𝑚2)    ∴ 𝑂𝑂𝑂𝑂 
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Check minimum reinforcing requirement (NZS 3101 cl. 11.3.12.3(c)): 

𝜌𝜌𝑚𝑚𝑚𝑚𝑛𝑛 =
�𝑓𝑓′𝑐𝑐
4𝑓𝑓𝑦𝑦

=
√40𝑀𝑀𝑀𝑀𝑀𝑀

4 ∗ 500𝑀𝑀𝑀𝑀𝑀𝑀
= 0.32% 

𝜌𝜌𝑦𝑦 =
𝐴𝐴𝑠𝑠

𝑠𝑠 ∗ 𝑡𝑡𝑡𝑡
=

314𝑚𝑚𝑚𝑚2

450𝑚𝑚𝑚𝑚 ∗ 225𝑚𝑚𝑚𝑚
= 0.31% ≈ 𝜌𝜌𝑚𝑚𝑚𝑚𝑛𝑛(0.32%)     ∴ 𝑂𝑂𝑂𝑂  

Check maximum allowable bar diameter (NZS 3101 cl. 11.3.12.2(d)): 

𝑑𝑑𝑏𝑏 < 𝑡𝑡𝑤𝑤
7� = 32 𝑚𝑚𝑚𝑚     ∴ 𝐻𝐻𝐻𝐻20  𝑂𝑂𝑂𝑂   

 

B2.5 Design panel reinforcing:  

Panel > 200 mm so must be doubly reinforced (NZS 3101 cl. 11.3.3). 

Try lapping HD20@450 mm connection reinf to HD12@225mm c/c each face,  
i.e. four-to-one splice ratio, with connection reinf at x2 panel reinf spacing. 

 

Check panel reinf exceeds joint reinf (jointed design): 

𝐴𝐴𝑠𝑠,𝑝𝑝𝑚𝑚𝑛𝑛𝑦𝑦𝑦𝑦 = 4 ∗ 113𝑚𝑚𝑚𝑚2 = 452𝑚𝑚𝑚𝑚2 > 𝐴𝐴𝑠𝑠,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡 = 314 𝑚𝑚𝑚𝑚2     ∴ 𝑂𝑂𝑂𝑂  

Check minimum reinforcing requirement (NZS 3101 cl. 11.3.12.3): 

𝜌𝜌𝑚𝑚𝑚𝑚𝑛𝑛 =
�𝑓𝑓′𝑐𝑐
4𝑓𝑓𝑦𝑦

= 0.32% 

𝜌𝜌𝑦𝑦 =
𝐴𝐴𝑠𝑠

𝑠𝑠 ∗ 𝑡𝑡𝑡𝑡
=

2 ∗ 113𝑚𝑚𝑚𝑚2

225𝑚𝑚𝑚𝑚 ∗ 225𝑚𝑚𝑚𝑚
= 0.45% > 𝜌𝜌𝑚𝑚𝑚𝑚𝑛𝑛(0.32%)     ∴ 𝑂𝑂𝑂𝑂  

 

B2.6 Check flexural strengths: 

Single layer of connection reinf, so designed as per singly reinf wall provisions (Ø=0.7) 

Joint flexural capacity: 

𝜙𝜙𝑀𝑀𝑛𝑛,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡 = 2133 𝑘𝑘𝑁𝑁𝑚𝑚    (using Gen-wall or other calculation) 

𝜙𝜙𝑀𝑀𝑛𝑛,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡  (2133 𝑘𝑘𝑁𝑁𝑚𝑚) > 𝑀𝑀∗ (2100 𝑘𝑘𝑁𝑁𝑚𝑚)    ∴ 𝑂𝑂𝑂𝑂  

ADOPT 8×HD20 connection reinf @ 450 mm centres 

Section 2.1.2 
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Check jointed wall assumption: 

𝜙𝜙𝑀𝑀𝑛𝑛,𝑝𝑝𝑚𝑚𝑛𝑛𝑦𝑦𝑦𝑦 = 2730 𝑘𝑘𝑁𝑁𝑚𝑚    (using Gen-wall or other calculation) 

𝜙𝜙𝑀𝑀𝑛𝑛,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡  (2133 𝑘𝑘𝑁𝑁𝑚𝑚)
𝜙𝜙𝑀𝑀𝑛𝑛,𝑝𝑝𝑚𝑚𝑛𝑛𝑦𝑦𝑦𝑦 (2730 𝑘𝑘𝑁𝑁𝑚𝑚) =  0.78  ∴ 𝐽𝐽𝑟𝑟𝑠𝑠𝑠𝑠𝑡𝑡𝑟𝑟𝑑𝑑 𝑡𝑡𝑀𝑀𝑠𝑠𝑠𝑠  

ADOPT 2 layers of HD12 panel vertical reinf at 225 mm centres 

 

B2.7 Select duct size: 

Check maximum clear space available for duct: 

 

Total space for duct is wall thickness less exterior environment class B1 cover, 2 layers 
HD12 horizontal reinforcing, 10mm construction tolerance for cover for each layer 
(NZS 3109), and the interior environment A1 cover. Therefore, maximum clear space 
is: 

225 − (30 𝑚𝑚𝑚𝑚 + 2 ∗ 12 𝑚𝑚𝑚𝑚 + 2 ∗ 10 𝑚𝑚𝑚𝑚 + 20 𝑚𝑚𝑚𝑚) = 131 𝑚𝑚𝑚𝑚 

Check minimum internal diameter (ID) required for duct to provide sufficient 
tolerance (Refer to NZS 3109 table 5.2 and section 3.9 for details of standard concrete 
construction tolerances): 

Assuming 3109 tolerances, take the minimum diameter of duct as the sum of wall 
duct tolerance in each direction and bar diameter (assumes starters are placed with 
a template provided by the precast manufacturer: 

(±12 𝑚𝑚𝑚𝑚) ∗ 2 + 20 𝑚𝑚𝑚𝑚 = 44 𝑚𝑚𝑚𝑚 

Suggested minimum practical size for grouting purposes is 3 ∗ 𝑑𝑑𝑏𝑏 = 60 𝑚𝑚𝑚𝑚: 

ADOPT 60 mm ducts (ID) with HD 20 reinforcing  

 

B2.8 Calculate duct and splice length requirement: 

Specify minimum 60 MPa grout 𝑓𝑓′𝑐𝑐_𝑔𝑔𝑡𝑡𝑗𝑗𝑓𝑓𝑡𝑡 = 60 𝑀𝑀𝑀𝑀𝑀𝑀 

𝐿𝐿𝑦𝑦 =
0.5 ∗ 𝛼𝛼1 ∗ 𝑓𝑓𝑦𝑦

�𝑓𝑓′𝑐𝑐
∗ 𝑑𝑑𝑏𝑏  (𝑁𝑁𝑁𝑁𝑆𝑆 3101 𝑟𝑟𝑠𝑠. 8.6.3.2) 

 
 
 
 
 

Section 2.1.1 
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Panel reinforcing (HD12) development length:  

𝐿𝐿𝑦𝑦,𝑝𝑝𝑚𝑚𝑛𝑛𝑦𝑦𝑦𝑦 =
0.5 ∗ 1 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀

√40 𝑀𝑀𝑀𝑀𝑀𝑀
∗ 12 𝑚𝑚𝑚𝑚 = 474 𝑚𝑚𝑚𝑚 

Joint reinforcing (HD20) development length: 

𝐿𝐿𝑦𝑦,𝑗𝑗𝑗𝑗𝑚𝑚𝑛𝑛𝑡𝑡 =
0.5 ∗ 1 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀

√60 𝑀𝑀𝑀𝑀𝑀𝑀
∗ 20 𝑚𝑚𝑚𝑚 = 645 𝑚𝑚𝑚𝑚 

Therefore, joint reinforcing development length governs. 

 

Non-contact lap: 

Clear bar spacing 𝑆𝑆𝐿𝐿 = 132 𝑚𝑚𝑚𝑚 

𝐿𝐿𝑦𝑦,𝑡𝑡 = 645 𝑚𝑚𝑚𝑚 + 1.5 ∗ 132 𝑚𝑚𝑚𝑚 = 843 𝑚𝑚𝑚𝑚  

ADOPT 𝟗𝟗𝟗𝟗𝟎𝟎 𝒎𝒎𝒎𝒎 starter bar length in 𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝒎𝒎𝒎𝒎 duct, which provides 107 𝑚𝑚𝑚𝑚 and 
50 𝑚𝑚𝑚𝑚 construction tolerance for the bar length and duct lengths respectively. 

Note that for a panel supported on a foundation footing the total NZS 3109 minimum 
tolerances required is +5mm/-37mm. 

 

B2.9 Design transverse reinforcement 

Specify lap slice confinement using Equation 1 recommended in section 2.2.5: 

𝐴𝐴𝑡𝑡𝑡𝑡
𝑠𝑠
≥
𝑑𝑑𝑏𝑏 ∗ 𝑓𝑓𝑦𝑦
72 ∗ 𝑓𝑓𝑦𝑦𝑡𝑡

   

𝑠𝑠 ≤
72 ∗ 𝑓𝑓𝑦𝑦𝑡𝑡 ∗ 𝐴𝐴𝑡𝑡𝑡𝑡

𝑑𝑑𝑏𝑏 ∗ 𝑓𝑓𝑦𝑦
 

Use stirrup the encompasses connection reinf and duct and four lapped panel reinf. 

Try R6 stirrup (Atr = 28 mm2): 

𝑠𝑠 ≤
72 ∗ 300 𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 28 𝑚𝑚𝑚𝑚2

20 𝑚𝑚𝑚𝑚 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀
= 60 𝑚𝑚𝑚𝑚 

 

Try R10 stirrup (Atr = 78.5 mm2): 

𝑠𝑠 ≤
72 ∗ 300 𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 78.5 𝑚𝑚𝑚𝑚2

20 𝑚𝑚𝑚𝑚 ∗ 500 𝑀𝑀𝑀𝑀𝑀𝑀
= 170 𝑚𝑚𝑚𝑚 

Check max spacing:  10db = 200 mm 

ADOPT R10 stirrups at 150 mm c/c spacing 
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B2.10 Check shear friction 

Check joint reinforcing for shear friction in accordance with NZS 3101 cl. 7.7.4: 

Specify roughened joint surface (5mm amplitude): 

𝜇𝜇𝑠𝑠𝑠𝑠 = 1.0    (𝑀𝑀𝑠𝑠 𝑝𝑝𝑟𝑟𝑟𝑟 𝑁𝑁𝑁𝑁𝑆𝑆 3101 𝑟𝑟𝑠𝑠 7.7.4.3) 

Joint shear capacity: 

𝜙𝜙𝑉𝑉𝑠𝑠𝑠𝑠 = 𝜙𝜙 ∗ 𝜇𝜇𝑠𝑠𝑠𝑠 ∗ (𝐴𝐴𝑠𝑠 ∗ 𝑓𝑓𝑦𝑦 + 𝑁𝑁) 

𝜙𝜙𝑉𝑉𝑠𝑠𝑠𝑠 = 0.7 ∗ 1.0 ∗ (2512 𝑚𝑚𝑚𝑚2 ∗ 500𝑀𝑀𝑀𝑀𝑀𝑀 + 600𝑘𝑘𝑁𝑁) 
= 1299 𝑘𝑘𝑁𝑁 > 𝑉𝑉∗(220 𝑘𝑘𝑁𝑁)    ∴ 𝑂𝑂𝑂𝑂  

 

B2.11 Design horizontal reinforcement 

Check shear stress: 

𝑉𝑉∗ = 220 𝑘𝑘𝑁𝑁 

∴ 𝑉𝑉𝑛𝑛 =
220
0.7

= 314 𝑘𝑘𝑁𝑁 

∴ 𝑣𝑣𝑛𝑛 =
𝑉𝑉𝑛𝑛
𝑁𝑁𝑤𝑤𝑑𝑑

=
314 × 103

225 × (3500 ∗ 0.8)
= 0.50 𝑀𝑀𝑀𝑀𝑀𝑀 < 𝑣𝑣𝑚𝑚𝑚𝑚𝑚𝑚 (6 𝑀𝑀𝑀𝑀𝑀𝑀)   ∴ 𝑂𝑂𝑂𝑂 

Calculate shear capacity: 

𝑉𝑉𝑐𝑐 = 0.17�𝑓𝑓𝑐𝑐′𝐴𝐴𝑐𝑐𝑐𝑐 = 0.17√40 × 225 × (3500 ∗ 0.8) = 677 𝑘𝑘𝑁𝑁 

𝑉𝑉𝑐𝑐(677) > 𝑉𝑉𝑛𝑛(314)           ∴ 𝐻𝐻𝑟𝑟𝑟𝑟𝑠𝑠𝐻𝐻 𝑟𝑟𝑟𝑟𝑟𝑟 𝑠𝑠𝑟𝑟𝑡𝑡 𝑟𝑟𝑟𝑟𝑟𝑟𝑁𝑁𝑠𝑠𝑟𝑟𝑟𝑟𝑑𝑑 𝑓𝑓𝑟𝑟𝑟𝑟 𝑠𝑠𝑡𝑡𝑟𝑟𝑟𝑟𝑠𝑠𝑠𝑠𝑡𝑡ℎ 

Minimum required horizontal reinforcement: 

𝐴𝐴𝑐𝑐 >
0.7𝑡𝑡𝑤𝑤𝑠𝑠
𝑓𝑓𝑦𝑦𝑡𝑡

                                               [𝑁𝑁𝑁𝑁𝑆𝑆 3101 𝑟𝑟𝑠𝑠. 11.3.11.3.8] 

𝐴𝐴𝑠𝑠𝑠𝑠𝑁𝑁𝑚𝑚𝑟𝑟 𝑠𝑠 = 300 𝑚𝑚𝑚𝑚                               [𝑚𝑚𝑀𝑀𝑚𝑚 𝑀𝑀𝑠𝑠𝑠𝑠𝑟𝑟𝑡𝑡𝑟𝑟𝑑𝑑] 

∴ 𝐴𝐴𝑐𝑐 >
0.7 × 225 × 300

500
= 95 𝑚𝑚𝑚𝑚2 

Try 2-HD12: 

𝐴𝐴𝑐𝑐 = 2 × 113 = 226 𝑚𝑚𝑚𝑚2 > 𝐴𝐴𝑐𝑐 𝑡𝑡𝑦𝑦𝑟𝑟𝑓𝑓𝑚𝑚𝑡𝑡𝑦𝑦𝑦𝑦  (95)          ∴ 𝑂𝑂𝑂𝑂 

ADOPT 2 layers of HD12 @ 300 mm c/c for horizontal reinf. 

 

 

 

B2.12 Final panel configuration shown on drawing DC2 
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