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Abstract: Moment resisting concrete framed structures are often adopted as the structural system for
large footprint, open plan, low rise structures such as multi-storey carparks, shopping malls, hospitals,
and multi-storey warehouses. This is because these structures typically have small and eccentric
cores relative to the footprint of the building, making them ineffective to resist the lateral loads. The
repetitive grid layout of these structures also makes them ideal candidates for precast construction
due to the economies of scale and simplistic structural elements, however in-situ concrete is generally
adopted due to the limited economical and practical options for moment resisting precast

connections. This paper will review some of the traditional methods of achieving moment resisting
precast connections and introduce some alternative concepts which utilise existing proprietary
products that are already available in the market.
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1. Introduction

Precast concrete construction can offer a significant advantage overcast-in place alternatives,
providing higher quality control of the concrete members, increased speed of construction, and a
reduction in on-site labour and in-situ concrete (1). Furthermore, the adoption of precast concrete can
also pave the wave to lowering embodied carbon in buildings as the controlled environment of a
factory setting allows for alternatives to cement-based concrete such as geopolymers (2).

A misconception that buildings designed for in-situ construction can be simply converted to precast
provides a large barrier to realising its full potential (3). This approach can lead to designs where the
full continuity of the reinforcement is needed across all joints, which often results in in-situ wet-joints
and an in-situ topping layer, requiring on-site concrete, formwork, bracing, propping, and precast
members with exposed or protruding rebars making them difficult to cast, store, and transport (4).
Furthermore, this approach often leads to many one-off pre-cast members which does not capitalise
on the economies of scale, resulting in higher cost (5). In comparison, when the decision to adopt pre-
cast construction is made early in the design stage, the structure can be designed to utilise load paths
to limit the need for costly and time-consuming connections. The connections and members can also
be designed with the erection process in mind and reduce or eliminate the need for propping and
bracing. Furthermore, the structure can be proportioned to maximise the economies of scale whilst
limited the need for special transportation and additional joints due to oversized members.

When it comes to economies of scale, Moment Resisting Concrete Framed structures present
themselves as ideal candidates to realise the full potential of precast construction as they typically
contain a large footprint with a repetitive grid layout. These structures are also often low-rise buildings
which requires less crane time to install the precast members in place, a limiting factor for precast in
tall buildings (6). Moment Resisting Concrete Frames are often chosen as the structural system for
multi-storey carparks, shopping malls, hospitals, and multi-storey warehouses as these buildings tend
to adopt an open floor plan and often contain small and eccentric cores which are not as effective to
resist lateral loads and so frame action is needed. Although these structures offer many advantages
for precast construction, in-situ construction methods are generally adopted due to the limited
economical and practical options for moment resisting connections (3).

This paper will review some of the traditional methods of achieving moment resisting precast column
and beam connections and introduce some alternative concepts which utilise existing proprietary
products available in the market.



2. Precast Frame Systems

Precast framed structures can be divided into two main categories: Hinged Connection Frames and
Fixed Connection Frames

Hinged Connection Frames

As the name suggests, hinged connection frames adopt hinged beam to column connections.
Assuming the absence of any additional shear walls or bracing, these structures resist lateral forces
by the flexural mechanism of the columns which act as individual cantilevers. The columns are thus
required to have full continuity for the full height of the structure and are to be fixed to the foundation
with a moment-resisting connection (4)
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Figure 1: Idealised Model (A) and Bending Moment Diagram (B) for Hinged Connection Frames
subjected to lateral loads

The beam to column connections are simplified, often achieved using concrete corbels, however the
beams can only be designed as simply supported which may limit the span if head height is low. The
use of a concrete corbel is not desired by the precast manufacturer due to the complexity of the
mould, particularly when corbels are required on three or four sides. In this case, storage of the
column also becomes difficult.

The beams are required to transfer the diaphragm forces to the columns; thus, the connection typically
includes a dowel bar between the beam and corbel. When floor to floor heights are small, multi-storey
columns can be supplied which reduces the need for column-to-column connections.

Figure 2: Typical Example of Beam to Column Connection in a Hinged Connection Frame

Fixed Connection Frames

Fixed connection frames are joined together and to the foundations through moment-resisting
connections and lateral forces are resisted through frame action. This system offers a higher member
efficiency then hinged connections frames however it comes at a cost of increased connection
complexity. These structures are normally designed as fixed connection frames in both orthogonal
directions, although one-way fixed frames can be combined with shear walls or other lateral load
resisting systems in the other direction (3).
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Figure 3: Idealised Model (A) and Bending Moment Diagram (B) for Fixed Connection Frames
Subjected to lateral loads

Traditionally, beam elements are connected using an in-situ wet-joint and topping layer, requiring
protruding reinforcement from the precast elements, additional installation of rebar on site, as well as
temporary propping and formwork. To ensure adequate shear transfer, the interface between the in-
situ and precast concrete should be made intentionally rough o shear keys should be created.
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Figure 4: Typical Example of Beam to Column Connection in a Fixed Connection Frame

3. Column Connections

Most connection methods for precast concrete column to foundation connections, can be grouped into
the following three main categories: Pocket, Starter Bar, and Bolted connections.

Pocket connections utilise a penetration into the foundation which accommodates the column. Once the
column is installed, the pocket is grouted to secure the column in position. The surfaces of the column
and pocket are typically corrugated to increase the bond with the grout. Moment resistance at the column
base is achieved by a force couple of horizontal compressive forces in the foundation pocket. Additional
resistance can potentially be achieved from the vertical shear force couple acting along the compressed
vertical joint interfaces (3). Pocket connections offer a simple solution for moment resistance, however
the recess in the foundations may be difficult to construct, additional shimming to adjust the height
requires complete removal of the column from the pocket, and the column requires bracing while the
grout cures. Pocket connections are only suitable for connections with the foundation.

‘Starter Bar’ methods improve on the drawback of socket connections and provide a means of continuity
of the column reinforcement into the foundation and are also suitable for column-to-column connections.
The conventional methods typically use ad-hoc details utilising post-tension duct as a void former and



grout injection to facilitate a lapped spliced connection; Further improvements to this approach are
achieved using proprietary Grout Couplers which provide full continuation of the rebar independently of
the concrete. ‘Starter Bar’ methods are wet connections and require the column to be temporarily braced.
Adjustments in height and alignment is achieved by shimming and is performed while the crane is still
attached.

Bolted connections utilise structural steel end plates anchored into the concrete to form a composite
connection and provide immediate load transfer capabilities upon tightening of the bolts. Proprietary
methods such as Precast shoes are also grouped in this category and provide further benefits such as
concealed connections and adjustability without the use of the crane. Bolted solutions are favoured for
their ease of installation and their ability to resist temporary construction loads, eliminating the need
for propping, however they can be cost prohibitive for high load requirements.

The relatively new concept called the hybrid solution combines the advantages of both the ‘Starter
Bar’ and ‘Bolted Connection’, offering high moment capacity with adjustability and temporary load
resisting capabilities at an economical rate. It adopts a precast shoe in each of the corners of the
column which are used to eliminate bracing and to adjust the column. The remainder of the connection
uses duct void former or grout couplers to provide continuity of the column reinforcement. The precast
shoe can be designed to resist the temporary load as well as to provide continuity of the column
corner rebars. If the precast shoe is designed only to resist the temporary loads, often a smaller, more
economical size can be used, which would then be neglected in the final design. If continuity of the
corner rebars through the precast shoe is desired, the column rebars in the corners of the column can
be fitted with rebar couplers and connected directly to the precast shoe with a threaded stud and nuts.
When the hybrid solution is adopted with grout couplers, mass grouting techniques can be utilised
allowing the full grouting of the joint, precast shoe, and grout couplers, in a single process.
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Figure 5: Typical examples of (A) Pocket, (B) Starter Bar, (C) Bolted, and (D) Hybrid Connections

4. Beam Connections

Moment resisting beam connections are the most complex. In fixed framed structures, The beam to
column interface has the highest bending moment and shear force, making it an undesirable location
to form the joint, nevertheless, connections are often detailed at this joint and require full continuity of
the top reinforcement. Continuity of the bottom reinforcement may also be required to resist moment
reversal for structures subjected to seismic or patterned loads.

When a topping layer and half beam is adopted, as shown in figure 4A of section 2, continuity of the
top reinforcement is made by onsite placement of the top reinforcement. The installation of the column
above can only be performed once the topping layer is poured. An alternative is to move the wet-joint
outside the column, as shown in figure 6A, with rebars protruding from the beam and column. In this
case, the wet-joint needs to be wider and an additional lapping bar is added to avoid clashing during
placement of the beam. This connection can be improved by adopting rebar couplers so that the
starter bars can be installed after the beam is in position, eliminating the additional lapping bar
reducing the width of the joint [Figure 6B]. Both options require the beams to be propped until the
concrete reaches the required compressive strength, however it may be possible to install the columns
above if the temporary design of the structure permits it. The presence of a lap splice at the beam to
column junction is typically not desired which can limit the cases where this solution is used.
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Figure 6: Typical Beam to Column Wet-Joint connections with: A) Protruding rebars and Lapping Bar,
and (B) Rebar Couplers with Screw-in Lapping Bars

This detail can be improved with the use of proprietary full grout couplers installed in the wet-joint as
shown in figure 7A. In addition to providing full continuity of the reinforcement, the joint length is also
reduced to a minimum of 1.5 times the length of the grout coupler. The coupler is inserted fully over
one bar and then slid over the adjoining bar and grouted. Another improvement is to adopt a
telescopic grout sleeve in the beam and standard threaded rebar couplers in the column. In this
approach, the starter bar is inserted fully into the grout coupler and then rotated into the threaded
coupler in the column. For this, the grout coupler will need to have sufficient tolerance such that the
minimum bar insertion is maintained after the starter bar is screwed into the column. The advantage of
this approach is that the joint width can be limited to 100mm and be filled with grout rather than in-situ
concrete. Including a temporary steel corbel attached to threaded inserts in the column can also
eliminate the need for propping [Figure 7B]. A drawback of both approaches is the grouting process of
the grout couplers which can be time consuming as each coupler will need to be filled individually.
Congestion may also be an issue with these solutions. The option shown in Figure 7B would also
require special accessories to seal the grout couplers. This option does present a potential for mass
grouting provided the joint can be sufficiently sealed and a method of confirming that the grout
couplers are filled can be incorporated into the grouting process.
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Figure 7: Alternative Beam to Column Wet-Joint connections with: (A) Full Grout Coupler, and (B)
Telecopic Grout Coupler + Rebar Coupler

Proprietary precast shoes are another alternative for eliminating a wet-joint at the beam to column
junction and provide the added advantage of simplified installation, however this may come at a higher
cost which must be weighed against the potential time savings. Proprietary precast shoes also offer
immediate load bearing capabilities which can also be desirable as the moment resistance can be
utilised for the temporary load conditions. These products typically rely on bolt bending to resist the
shear force before the joint is grouted and only the bottom shoes where the shear force acts into the
element can be utilised (8). If the shear force is excessive, the addition of a full or half corbel, as
shown in figures 8A and 8B, can be adopted however the addition of corbels comes with the
drawbacks previously mentioned in section 1. Care must be taken when half corbels are used to
ensure adequate shear flow between the two halves is achieved such that the section can act
compositely after grouting. Roughening the horizontal surface or additional connectors may be
required if the vertical permanent shear load is relatively small compared to the bending moment.



Another variant of this approach is shown in figure 8C which adopts a temporary steel corbel to
provide additional shear resistance during the erection stage. The corbel can be removed and reused
for other connections once the grout has achieved sufficient strength. This approach relies on shear
friction as the force transfer mechanism for the permanent loading and an indented or sufficiently
roughened surface should be adopted. Full scale tests have shown that full shear resistance of the
beam can be achieved after the joint is grouted (7).
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Figure 8: Beam to Column Joint using Precast shoe with (A) Full Corbel, (B) Half Corbel, and (C)
Temporary Corbel

The solutions for beam connections presented thus far have created the joint at the beam to column
interface where the moment and shear forces are the highest. The ‘Lotus Root’ solution shown in
figure 9 incorporates a ‘beam-column’ junction which moves the vertical joint towards the inflection
point of the beam where the bending moment is lowest. The connection between the junction and the
column is achieved with an adaption on the conventional starter bar method where the starter bar from
the column below is passed through voids in the junction and grouted into the column above (9). The
connection of the junction to the beam is achieved using a lapped splice in a wet-joint similar to what
is shown in figure 6A. A major drawback of this solution is the reliance on wet connections which
would require temporary formwork and extensive temporary support of the junction and the connecting
beams, particularly for structures with large floor to floor heights such as multi-storey warehouses and
datacentres.
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Figure 9: Elevation of the traditional 'Lotus Root' Beam-Column Junction concept

An improvement of this approach can be made by adopting the hybrid solution presented in section 3
for the junction to column connection. The immediate load bearing capabilities of the hybrid
connection would eliminate the need for propping of the junction element. Propping of the beam and
slabs can also be removed by adapting the half corbel and precast shoe solution shown in figure 8B,
provided the temporary load capacity of the junction-column connection is designed for the
construction sequence.

The cost of the beam to junction connection can be further improved by curtailing the reinforcement or
adopting headed anchors inside the junction to shorten the development length of the rebars and
minimise the amount of reinforcement that needs to be continued across the joint. Alternatively, the
structure can be analysed with a hinge at this location and a simple half corbel with dowel bar can be
adopted for the connection; however, this may affect the lateral resistance capabilities for the system.
It is important to note that limiting the dimensions of the junction may be desired to allow the unit to be
transported flat on a truck and stacked. For structures with frames in two directions, it may not be
possible to locate the joint at the inflection point in the secondary direction due to the width of the
truck. In this case, moment resistance at the beam to junction joint is required.



In addition to removing propping and in-situ concrete, this solution also eliminates protruding
reinforcement, making storage and transportation of the elements more desirable. A drawback with
this approach is that the columns require two connections per level which increases cost and may not
be desirable for taller structures with small floor to floor heights. Simplifying the beam connections as
hinges may offset this additional cost, highlighting the importance of designing the structure with the
intention to construct it as precast.
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Figure 10: Elevation of Alternative Beam-Column Junction concept utilising Hybrid connections to
eliminate propping

If the decision to adopt precast is made early and the structure is designed accordingly, further
advantages can be made by adopting different concepts for each of the orthogonal directions. This
approach would provide an advantage for thin rectangular structures with smaller floor to floor heights,
such as multi-storey carparks. In these structures, a fixed frame can be adopted for the shorter
direction where lateral wind loads are larger and a hinged frame for the long direction where there are
more columns to distribute the lateral loads. [Figure 11].
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Figure 11: Example Structure with the potential to adopt different frame systems in each of the
orthogonal directions and simplify the connections

With this approach, the ‘beam-column’ junctions for the fixed framed direction can be incorporated into
the casting of the column and the column can also be supplied multi-level, eliminating many of the
costly connections. For the hinged frame connections, proprietary telescopic connectors can be used
to provide a pin support without the need of a corbel. This will allow the columns to be casted flat,
simplifying formwork, storage, and transportation. Furthermore, if the hybrid solution is adopted for the
column to foundation and column to column connections, the temporary capacity of the connections
can be designed to resist the forces induced during the constructions sequence and eliminate on-site

propping.
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Figure 12: Elevation of an example multi-story column with (A) incorporated Beam-Column Junction in
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the fixed frame direction and (B) Priority Telescopic Connectors in the Hinged Frame Direction

Discussion

Various solutions exist for precast moment-resisting connections; however, the viability of each
solution depends on the project objective. For projects with a time constraint, more costly
connections which reduce the construction time may desired over lower cost alternatives.

Comparisons of different solutions should also be performed from a project level. Often,
comparisons are made by simply analysing the cost of the materials in the connections; however,
this approach tends to favour conventional methods utilising wet-joints and duct void formers as
they use commodity materials. These solutions may not appear favourable if a true analysis at
project level is conducted, including time and costs such as labour, mould preparation,
transportation, propping, bracing and crane time. Costs associated with in-situ concrete pours
such as wastage, concrete pump, formwork, and lost time due to weather should also be included.
Hidden costs such as interest on loans and site costs may also influence the decision to adopt
solutions which speed up construction time. Lastly, if the analysis is performed at an early stage in
the project, the design can be adapted to maximise the benefits of precast construction.
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