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Abstract: A transfer structure (TS) is a structure that alters the load path of the gravity loads, shifting the line of thrust laterally to a 
different vertical alignment. TSs are introduced in buildings that feature discontinuities in some columns or walls and where a direct 
load path to the foundations is not possible. They usually represent major elements of the structure and their impact on building cost 
and construction time can be substantial. This paper presents an overview of existing transfer systems and provides guidance on 
their design and construction. Extensive research on buildings with TSs all over the world was carried out with the aim of developing 
a rational typology of these structures. The results can be broken down into five main types: BEAM, TRUSS, INCLINED STRUT, 
PLATE, and ARCH & CABLE. In addition, the design of transfer structures is often outside the scope of normal code guidance and 
may require a degree of interpretation and engineering judgement. The seismic performance of buildings with TSs remains subject 
to research especially since well-defined design procedures and code provisions are often scarce. This paper also addresses a host 
of other relevant topics including strength and serviceability requirements, deflection compatibility, robustness and disproportionate 
collapse, and construction methods. Finally, a comparative study between two different types of transfer structure for the same 
building was undertaken. For this purpose, an alternative composite scheme for the post-tensioned concrete transfer grid of the Saint 
Gabriel Tower (Lisbon, Portugal) was designed, and the most important factors are highlighted. 
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1 Introduction 

Functional, aesthetic, or planning needs predicate changes 
and discontinuities in the vertical load-bearing system of a 
building. These demands are often outside the boundaries of 
normal commercial development and create special and 
interesting engineering problems that are usually solved with 
some form of transfer structure. 

Transfer structures provide a means of redirecting gravity 
loadings when a vertical supporting member has to be 
interrupted and a direct load path to the foundations is not 
possible. There are several reasons for which discontinuities in 
the supporting system are desired. For example, mixed-use 
high-rise buildings that provide for two or more types of 
occupancies require a different arrangement of the supporting 
structure for each functionality. In densely populated cities, large 
column-free spaces for lobbies or shopping areas are also 
required at the lower levels of tall buildings, and the construction 
almost invariably involves working within severe site constraints. 
Moreover, the unused spaces above existing activities and 
structures (air rights) have become attractive development sites 
in city centres and other areas where space is at a premium. 

The position of the transfer structure in a building’s elevation 
may be influenced by various factors such as architectural 
constraints, the location of the mechanical plants, and 
construction speed and economy. Low-level TSs simplify the 
construction process – they can be built using normal techniques 
and the superstructure is supported on the transfer structure right 
from the beginning. On the other hand, the construction of 
transfer structures at the top of the building or at intermediate 
levels usually requires significant temporary works. TSs are 
usually composed of massive concrete or steel elements that 
occupy a lot of space and might not appropriately fit within a 
typical floor of a building. Therefore, it is usual to integrate these 
structures in the mechanical plant, making the least intrusion into 
usable spaces. Most modern tall buildings have sophisticated 
mechanical and electrical installations and, in general, the 
building is divided into several vertical zones, each served by its 
own mechanical plant. This means that the choice of the type 
and position of transfer structures throughout the building might 
not only be dictated by structural concerns but also has to be 
integrated with the building services. 

The choice between a single-storey transfer structure and a 
multitier transfer system also depends on factors usually 
unrelated with structural efficiency. The position and number of 
the mechanical plants, the construction method associated with 
each alternative and even architectural preferences are often 
important issues that the engineer must take into account when 
conceiving the transfer system. For example, in the case of a 
multitier transfer structure, benefits may arise from the 

simultaneous construction on more than one floor, as each 
vertical zone (that is, a stack of floors supported on each transfer 
level) is independent of the others. 

The possibilities for the configuration of the transfer structure 
are so wide that it may be positioned at a single level or, on the 
other hand, every floor can be part of the transfer system. Figure 
1 illustrates this as (a) represents a building with a single-floor 
transfer structure at a low level, (b) shows the same building with 
two transfer floors, each transferring a set of storeys, and, in (c), 
the structural frame manages to gradually transfer the loads from 
all the floors to the supports. 

 
(a) (b) (c) 

Figure 1: (a) Single-story transfer structure; (b) Multi-tier transfer 
structure; (c) Structural frame transfer system 

In general, transfer structures should not participate in the 
lateral load resisting system (as their function is to redirect gravity 
loads) but must maintain their load-carrying capacity through the 
full range of displacement that the building may be subjected to. 
Moreover, as TSs are very stiff elements of the structure, these 
will often attract considerable lateral loads and must be designed 
accordingly. Sometimes, it might make sense to combine the 
lateral stability system with the transfer structure. Most tall 
buildings require more than their central core to provide lateral 
stability when they reach the 40 to 50 storey range [1]. In such 
cases, a perimeter stability system can be integrated with the 
transfer structure to form a vertical Vierendeel frame or a braced 
façade [2]. 
 

2 Types of transfer structures 

The majority of the transfer structures can be rationalized 
into five generic forms. These are the BEAM, TRUSS, INCLINED 
STRUT, PLATE, and ARCH & CABLE, which are illustrated in 
simplified form in Figure 2. In most of these groups, all the three 
main structural materials – reinforced concrete (RC), prestressed 
concrete and steel – may be considered, as well as composite 
schemes. The following sections introduce each type of transfer 
structure and describe its main features, as well as illustrate them 
through a set of representative examples. 
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BEAM  TRUSS INCLINED STRUT PLATE    ARCH & CABLE 

Figure 2: Types of transfer structures 

2.1 BEAM 

For a wide variety of reasons, it is quite common that a 
column has to be interrupted at a certain level and cannot go all 
the way to the foundations. The load arising from that column 
must be transferred to nearby ones by means of a transfer 
element that may be a beam. The term beam is generally applied 
to structural members subjected primarily to bending stresses 
and also to shear stresses. The most common structural forms 
exhibiting beam behaviour that are employed as transfer 
structures in buildings are transfer girders and Vierendeel 
frames, as shown in Figure 3(a) and (b), respectively. 

The major difference between a transfer girder and a 
common beam is that the former resists much larger loads. 
Hence, the main characteristic of a transfer girder is its unusual 
depth. Due to the very large depths and substantial 
reinforcement quantities required for a reinforced concrete 
transfer beam, post-tensioning is usually employed as it is a very 
effective way to reduce both the depth and the reinforcement 
content [3]. Therefore, transfer beam elements are usually used 
as post-tensioned (PT) girders. The high strength of the 
prestressing steel compared to passive steel grades allows for a 
significant reduction of the cross-sectional area of reinforcement 
needed for flexion design. This, in turn, makes it possible to 
improve the detailing of the transfer element which can 
sometimes be a matter of concern. Prestressing also has the 
advantage of better controlling the deflections of the beam as it 
imposes upwards deformations. 

The Vierendeel frame comprises horizontal top and bottom 
chords and vertical web members. This design achieves stability 
through rigid connections between the members. Contrarily to 
the typical pin-connected truss, in which elements are only axially 
loaded, the members in a Vierendeel frame experience bending, 
shear and axial forces [4]. The system can be employed both in 
concrete and in structural steel. A Vierendeel beam is heavier 
than an equivalent truss equally loaded so its popularity is not 
attributed to structural efficiency but rather to the architectural 
and mechanical integration that the system provides. The 
absence of diagonals makes it suitable for storey-height 
construction without significant obstruction to openings. 

    
(a) (b) 

Figure 3: (a) National Bank House, Melbourne, Australia (Source: 
[5]); (b) Four Pancras Square, London, UK 

2.2 TRUSS 

Trusses are lighter in self-weight than concrete girders and 
can transfer loads over large spans. They are used in a broad 
range of structures and can also be found acting as transfer 
structures in buildings. As trusses are open web structures, this 
system provides a better integration with architecture and 
mechanical systems than an equivalent transfer girder. In fact, 
by increasing the truss depth to a certain number of floors, its 
members become so slim that they can be integrated into typical 
residential or office layouts. That is a major advantage of this 
type of transfer structure as the value of the net internal areas far 
outweighs the differences in cost of the structure. 

There are two main types of transfer system where the truss 
concept is applied: the transfer truss and the hanger. The first is 
a normal truss, usually spanning between RC walls or columns, 
and receiving load from the discontinued columns at node 
locations, as illustrated in Figure 4(a). The hanger transfer 
structure, on the other hand, is also composed of axially loaded 
members but it is a simplification of a normal truss, as it is only 
composed of an inclined member in tension and a bottom 
horizontal element in compression (Figure 4(b)). The clear 
distinction between these two transfer structures was motivated 
by the differences in the complexity of the systems, the materials 
used, and the types of connections and design procedures 
involved. Figure 5(a) and (b) show examples of the transfer truss 
and hanger system in buildings, respectively. 

 
(a)  (b) 

Figure 4: (a) Transfer truss; (b) Two possible arrangements for the 
Hanger transfer structure 

    
(a) (b) 

Figure 5: (a) The Standard Hotel, New York, USA; HSBC Main 
Building, Hong Kong, China 
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2.3 INCLINED STRUT 

The inclined strut is a transfer system that gradually migrates 
vertical load from the application point to the supports. It can 
appear in the form of an inclined column, a walking column and 
a wall or a deep beam. Inclined columns may be made of 
structural steel, reinforced concrete or composite systems, 
whereas walking columns and deep beams are always concrete 
elements. 

Adopting inclined columns is a way of transferring vertical 
load from one column location above to a different support 
location below. The eccentricity of the transferred load causes 
an out of balance moment that cannot be neglected, and, 
therefore, in order for the system to be in static equilibrium, a set 
of horizontal forces are required. This system can be applied to 
attain a small adjustment in the column locations, stepping the 
column positions incrementally over a number of floors to 
achieve the overall desired offset, or to undertake major transfers 
(Figure 6(a)), being a critical element of the whole building 
structure. In the first case, the lateral forces induced by the load 
eccentricity can often be resisted by tension and compression of 
the slabs at floor levels, and the system relies on the diaphragm 
action of the latter to distribute the lateral forces to the shear 
walls. In the second case, a specific structure to deal with the pull 
and push forces generated is usually required. (Figure 6(b)). 

  
(a) (b) 

Figure 6: (a) 150 North Riverside Plaza, Chicago, USA; (b) Inclined 
column transfer system 

A walking column is a tied-back shear panel transfer system 
in which the vertical load is shifted laterally by means of a vertical 
concrete wall loaded essentially in shear. A tie at the top of the 
panel and a compression strut at the bottom (or vice-versa), both 
connected to the building's main lateral load-resisting system, 
restrain the moment induced by the eccentricity of the gravity 
loads. This structural system is completely equivalent to that of 
an inclined column since the inclined strut, similar to the inclined 
column, is developed within the concrete wall. This design is 
widely applied to achieve small adjustments in column location, 
as shown in Figure 7(a). 

Finally, a deep beam is characterized by having a relatively 
small span-to-depth ratio, generally below 3 to 4 [6]. It has a 
shear dominant behaviour instead of a flexural dominant one, 
characteristic of normal beams. Deep beams are widely used as 
local transfer structures to interrupt a single column, however, 
they may also be employed to redirect load from several 
columns, as illustrated in Figure 7(b). Contrarily to the inclined 
column and walking column schemes, this system does not rely 
on external elements to achieve stability. 

  
(a) (b) 

Figure 7: (a) Walking column scheme; (b) Brunswick Building, 
Chicago, USA 

2.4 PLATE 

A transfer plate (TP) is a thick concrete slab (Figure 8) that 
can redirect loads in more than one direction and, therefore, is 
particularly suitable when a radical change in the building grid is 
required. This solution provides great flexibility to the architect 
and the structural engineer to modify the supporting system and 
the vertical load path. 

In high-rise buildings, the transfer plate is usually placed 
between the tower and the podium, 20 m to 30 m above ground 
level. The upper structure often accommodates offices or 
residential units whereas the podium floors house other 
functional spaces such as a shopping mall or a lift lobby, which 
require large column-free areas. Buildings with a transfer plate 
are usually composed of a shear wall system in the upper 
structure, mega-columns below the transfer floor, and the only 
continuous vertical element is a central core. Therefore, the 
transfer plate admittedly participates in the lateral load resisting 
system, as some of the transferred members may attract 
significant lateral loads. 

As the transfer plate usually extends the entire building 
footprint and has a thickness of up to several meters, it is a 
massive concrete structure with a substantial self-weight and 
large amounts of reinforcement. Post-tensioning of the transfer 
plate is an effective way of reducing the reinforcement quantities 
and the plate thickness and improving the cracking and 
deflection behaviour [7]. The reduction of the plate thickness, and 
thus of its self-weight, is also advantageous for the falsework 
system which has to support a lighter structure. 

 
Figure 8: Langham Place's transfer plate, Hong Kong, China 

The transfer grid is a variant of the transfer plate system. 
Instead of being a continuum concrete slab, it consists of an 
assembly of beams, usually in two orthogonal directions. While 
the transfer plate can redirect loads in virtually any direction, the 
grid system is not so versatile as it is restrained to the beam 
directions. However, the transfer grid has the following 
advantages over the transfer plate: it provides free space 
between the beams that often accommodates mechanical or 
electric installations; its structural behaviour is clearer and easier 
to model; and it is a lighter structure, which has direct 
implications for the design of the falsework system. The beams 
are usually prestressed to reduce their depth and reinforcement 
quantities. 

 

2.5 ARCH & CABLE 

The arch and cable structural systems are commonly used 
due to their efficiency, reduced self-weight, long-span capability, 
and ability to withstand lateral movement. This type of structure 
is usually required to span long distances and does not need to 
hold significant loads, unlike in general buildings. However, 
although it is not common to see arches and suspension systems 
in buildings, these elements can, in fact, be used as transfer 
structures. Figure 9(a) and (b) presents two examples where the 
arch transfer system was employed, representing a defining 
feature of the buildings. Likewise, Figure 10 shows a building 
where the cable element was applied as a transfer structure, 
which may be referred to as a suspension system. 
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Reactive forces will develop at the arch or cable ends, which 
have both vertical and horizontal components [8]. A basic design 
issue is whether to support the horizontal thrust involved directly 
through the foundations or to use a supplementary horizontal 
compression strut in the case of the cable or a tie-rod in the case 
of the arch. Designing the foundations to absorb both vertical and 
horizontal thrusts may not be practical due to the significant 
horizontal forces involved; hence, this solution is rarely used. In 
most cases, the horizontal thrusts are then resisted by 
compression struts or tie-rods. 

   
(a) (b) 

Figure 9: (a) Broadgate Exchange House, London, UK; (b) Ludwig 
Erhard Haus, Berlin, Germany 

 
Figure 10: Marquette Plaza, Minneapolis, Minnesota, USA 

2.6 Concluding remarks 

Extensive research on buildings with TSs all over the world 
was performed. Based on more than 100 examples that were 
analysed [9], a rational typology of existing transfer structures 
was developed based on their structural system, and the 
following conclusions may be drawn. 

Regarding the materials employed, any type of transfer 
structure can be materialized with either concrete or steel, 
although there appears to be a preference for a certain material 
in each type, as demonstrated in Figure 11. For example, 
transfer structures within the BEAM, INCLINED STRUT and 
PLATE types are mostly made of concrete or prestressed 
concrete, whereas structural steel is more popular for the TRUSS 
and ARCH & CABLE types. This is related with the structural 
behaviour of each transfer system, since concrete is clearly 
predominant in flexion or shear dominant structures (BEAM and 

PLATE), and steel is preferable for axially loaded elements 
(TRUSS and ARCH). It is interesting to note that, within the 
TRUSS and ARCH & CABLE types, composite steel and 
concrete solutions are quite common, contrarily to the other 
types of transfer structures, in which one material seems to be 
dominant.   

 
Figure 11: Materials employed in each type of transfer structure 

The evolution of transfer structures over time is represented 
in Figure 12. From the analysis of this Figure, it is noteworthy that 
some types of transfer structures were more popular in past 
decades and others are currently more widely employed. For 
example, most of the buildings within the BEAM type were built 
in the 1960s and ‘70s and there is only one representative 
example from recent years. In contrast, buildings using the 
TRUSS system are increasingly more common, and the majority 
of the examples shown are subsequent to 1990. Examples of the 
ARCH & CABLE type are relatively scarce, but there is no recent 
application of this system, and the INCLINED STRUT and 
PLATE types do not appear to be more common in any specific 
time period. It is clear that the ARCH & CABLE schemes are 
particularly suitable to achieve long span transfers. 

Furthermore, the overall most common type of transfer 
structure is the TRUSS and, judging by the past two decades, it 
seems that this scheme is going to prevail over the other types 
of transfer structures in the near future, and reaching for bigger 
spans. Also, TRUSS transfer systems almost always incorporate 
steel elements, either in all-steel schemes or composite ones. 
This means that the use of structural steel in transfer structures 
is increasingly more common, as this material is many times 
preferred over concrete due to its higher strength-to-area ratio. 
 

3 Design considerations 

3.1 Strength requirements 

The design of the members that constitute a transfer 
structure should follow the provisions of normal building codes. 
Care should be taken with the transfer structure’s dependency 
on the construction process, and, when appropriate, safety 
checks must be performed for intermediate stages of 
construction. Particular features of the ULS design of a transfer 
element will depend on the type of transfer structure. For 
horizontal concrete elements, such as transfer beams and 
transfer plates and grids, the design will probably be determined 
by flexion and shear verifications. Punching resistance may be 

 
Figure 12: Year of completion and main span for several buildings with global transfer structures (note: for cantilevered TSs, the adopted span was 

twice the cantilever length for a better comparison with normal span TSs) 
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crucial as well, especially for transfer plates. As regards axially 
loaded elements, such as the members of a truss, inclined 
columns or even an arch, the design will most likely be 
determined by the bearing capacity as well as the buckling 
strength. 
 

3.2 Serviceability requirements 

3.2.1 Deflection control 

The deformation of a transfer structure must be carefully 
assessed since a large part of the building (and sometimes the 
whole building) depends on it. As a guiding principle, a transfer 
structure should ideally lead to deflections similar to those that 
would occur if the vertical elements were continuous (or, in other 
words, if there was no transfer structure). This may be achieved 
through the use of post-tensioning, but in most cases, the 
transfer structure will deflect, and deflection criteria must be 
settled. 

In general, building codes refer span/250 as an appropriate 
limit value for the vertical deflections of beams and slabs, for the 
quasi-permanent loads [10]. Furthermore, span/500 is normally 
an adequate limit for deflection after construction, meaning the 
deflection which occurs after the addition of partition and finishes. 
Currently, there is not much guidance as to the deflection limits 
for transfer structures, although it is commonly accepted that 
their design should follow more severe criteria than normal beam 
or slab elements. This can be achieved either by imposing 
stricter limits or by designing for a more severe load combination, 
such as frequent loads or characteristic loads. Despite this, the 
serviceability criteria for global transfer structures must be 
specified for each project and agreed with the client. 

The control of deflections in post-tensioned concrete TSs is 
facilitated due to the ability of the prestressing tendons to impose 
upwards deformations. That way, deflections can be limited to 
any extent and can even be eliminated. It is common to design 
the prestressing tendons in a concrete element to balance a 
portion of the deflections or the loads, which provide similar 
results. For example, balancing 80% to 90% of the total service 
load or 100% of the permanent loads are design criteria usually 
employed [11]. The balancing of the loads in a quasi-permanent 
state also has the advantage of practically eliminating vertical 
deflections due to the effects of creep in concrete. 

In steel or composite steel and concrete transfer structures 
(mainly trusses) that do not involve post-tensioning, the control 
of the deflections may be achieved either by strengthening or by 
pre-cambering. The first approach consists in designing the 
transfer element stiff enough so that the deflection limits 
previously stated are satisfied. On the other hand, pre-cambering 
is a method of controlling the deflections by means of adjusting 
the structure geometry so that its unloaded form has an upward 
deflection. That deflection will be eliminated when the structure 
is loaded, and the long-term deformation may be reduced to any 
extent. However, pre-cambering is only useful to control 
deflections that may affect the appearance of the structure, since 
the non-structural elements (partitions, cladding, finishes) will 
deform the same irrespective of the use of pre-cambering. To 
control the deflections that impair the integrity of non-structural 
parts or the adequate functioning of the building, the designer 
may have no option but to provide sufficient stiffness to limit the 
deformation, thus reducing its effects to acceptable levels. 

3.2.2 Vibration control 

Dynamic effects must be considered in any structure to 
ensure that vibrations do not impair the comfort of the users or 
the functioning of the structural members. This is particularly 
important for transfer structures as they often comprise long-
span elements, in which the modes of vibration with participation 
of mass in the vertical direction may have natural frequencies 
prone to excitation by human action. Moreover, steel structures 
are even more susceptible to vibrations effects due to their 
reduced vertical stiffness (in general) in comparison with 
concrete structures, which reduces the natural frequencies. 

In a first approach, vibration control can be achieved by 
ensuring that the frequencies of the natural modes of vibration 
are kept above or below appropriate levels, which depend on the 
function of the structure and the source of vibration. Possible 
sources of vibration include walking, synchronized movements 
of people, ground-borne vibrations from traffic and wind action. 
When a structure is subjected mainly to pedestrian traffic, 5 Hz 
is often assumed as the minimum frequency of the vertical mode 
of vibration of a floor structure to ensure satisfactory behaviour 
[12].  However, if the frequency of the vertical mode of vibration 
is indeed below 5 Hz, this does not imply that problems will arise 
regarding users’ comfort. In this case, an appropriate analysis 
must be carried out to explicitly assess the effects of human-
induced vibrations. This analysis will often involve modelling 
human action (such as walking or synchronized jumping) and the 
measurement of vertical accelerations or other related 
parameters [13, 14].  

While the general procedure to account for the effects of 
vertical vibrations in serviceable conditions is true for all sorts of 
floor structures, global transfer structures may benefit from a 
scale effect. Normal activities that usually excite the vertical 
modes of vibration consist of movements of single individuals or 
groups of people; this is, therefore, the order of magnitude of the 
exciting mass. On the other hand, the mass associated with the 
transfer floor is not only its self-weight but also all the load that is 
being transferred by it. Thus, the exciting mass often 
corresponds to a very small percentage of the modal mass and 
intuition suggests that it is unable to excite a very heavy transfer 
system. 

 

3.3 Seismic action and design 

3.3.1 Conceptual design of buildings with TSs 

A transfer structure represents an irregularity in the 
supporting system of a building and discontinuities in the vertical 
load path are often associated with poor seismic behaviour. In a 
seismic zone, the conceptual design of a building must ensure 
that the transfer structure does not jeopardize or impair the 
seismic design of the building. This can be achieved providing 
that the transferred elements are completely secondary, 
meaning that their contribution to resisting the seismic loading is 
negligible. Ideally, the lateral load resisting system should be 
practically the same above and below the transfer structure, as 
all the primary elements must be continuous in elevation and the 
transferred elements are secondary. The discontinued elements 
should provide only vertical support and have insignificant lateral 
stiffness and shear and flexure resistance. Notwithstanding, 
these elements and their connections must be designed and 
detailed with appropriate ductility to maintain their load-bearing 
capacity under the displacements imposed by the seismic action. 

Given that the discontinued vertical elements should not 
have any relevant shear capacity, the transfer structure itself 
should not participate in the seismic resisting system by 
transferring lateral load. However, there are situations where the 
interaction between the transfer structure and the primary 
supporting elements does play a role in resisting lateral loads. 
This is the case, for example, when a very stiff transfer structure 
spans between two primary vertical elements with fixed supports, 
creating a frame behaviour, as illustrated in Figure 13(a). 
Likewise, Figure 13(b) shows the outrigger effect that the transfer 
structure may also induce by engaging a central core with the 
perimeter columns. If a building has several transfer levels along 
its height, it is possible to take advantage of the former effects, 
as the primary vertical elements and the transfer structures work 
together to form a vertical Vierendeel frame or a multiple-level 
outrigger system, respectively. 

An inevitable consequence of the use of transfer structures 
that impairs the seismic performance of a building is the fact that 
the continuous elements (that support the transfer structure) 
have to bear the additional gravity load redirected by the transfer 
structure. These supporting elements are usually concrete 
columns or shear walls and the increased axial loading reduces 
their available ductility. 
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(a)  (b) 

Figure 13: Examples of structural systems of buildings with transfer 
structures not covered by codes; (a) Frame effect; (b) Outrigger effect 

Soft-storey seismic provisions in building codes limit the 
permissible variation in stiffness or strength from storey to storey. 
The use of global TSs in buildings may result in the creation of 
soft-storey mechanisms because the transfer level is in general 
significantly more stiff and stronger than the storey below. This 
apparent contradiction is solved through an adequate conceptual 
design of the whole building. In fact, the mentioned code 
requirements are intended to avoid a uniformly stiff or strong 
structure having a soft or weak-storey, where deformations 
would concentrate resulting in an early collapse of the building 
under the seismic event. However, transfer structures should 
create the opposite situation: a uniformly stiff or strong building 
that is additionally stiffened and strengthened at the transfer 
level. That is achieved by providing that the transfer structure is 
connected to at least one primary vertical member that provides 
the majority of the inter-storey stiffness. 

In addition, prescriptive code seismic requirements of strong 
column-weak beam are intended to avoid the undesirable 
phenomenon of all columns in a storey yielding and developing 
hinges at top and bottom, potentially leading to storey collapse. 
In a building with a transfer structure, the strong column-weak 
beam provision does not appear necessary or appropriate at the 
transferred elements because the primary uninterrupted 
elements already provide a continuous strong spine desirable for 
favourable seismic performance. The strong column-weak beam 
philosophy should apply only considering the strong primary 
elements as the columns and the transfer structure as the beam, 
checking that the transfer structure does not develop forces large 
enough to cause the failure of the primary elements under the 
seismic event. Therefore, the discontinued vertical elements may 
develop plastic hinges at the top or bottom of the transfer level, 
but storey collapse cannot occur as long as the primary elements 
are standing. 

3.3.2 Design approach 

In general, seismic design according to codes is based on 
elastic analysis methods using global force reduction factors to 
address buildings with distributed stiffness and strength. 
However, current codes do not cover all structural types, and 
buildings incorporating global TSs often present structural 
systems that do not fit in any of the categories prescribed, as 
illustrated in Figure 13. In fact, in such buildings, different 
structural elements of the lateral-load resisting system might 
have very different ductility capacities and demands. For 
example, coupling beams between RC walls may experience 
high demand from storey shears and require high ductility, while 
transfer structures are usually designed to remain elastic under 
the largest seismic event required by codes. 

The choice of the force reduction factor for use in an elastic 
analysis must be adequately defined and justified. However, 
there may not be any rational and defensible way to derive such 
a factor for a given building. In fact, regarding high-rise or 
complex structures, it is simply not appropriate to design the 
building for the elastic seismic load effects reduced by a global 
force reduction factor, as this method cannot predict, either 
accurately or conservatively, force, drift and acceleration 

responses in building frame systems that undergo significant 
inelastic action [15]. For tall buildings, minimum base shear is 
typically greater than shear determined by linear elastic 
response spectrum analysis. As a result, the effective force 
reduction factor in prescriptive design should be lower than the 
value indicated in the building code for that structural system 
[16]. 

Thus, Performance Based Design (PBD) is more 
appropriate than code prescriptive design for addressing the 
seismic behaviour of buildings with complex structural systems 
incorporating global transfer structures. Non-linear time-history 
procedures, which are now widely used, should be applied to 
predict non-linear dynamic response characteristics including 
yielding mechanisms, associated internal forces, deformation 
demands and detailing requirements [15]. A comprehensive 
literature review was undertaken with respect to the performance 
criteria usually employed in the design of transfer structures, and 
the resulting conclusions are presented in Table 1. It is important 
to note that, as PBD is not yet fully adopted by building codes, 
the performance requirements defined for a given building might 
depend on the engineer’s judgment, and should be discussed 
between designers, owners, reviewers, and governing 
jurisdictions at the start of the design process [17]. 

Table 1: Performance criteria for transfer structures under the seismic 
action 

Seismic intensity 
Frequent 

earthquake 
Moderate 

earthquake 
Rare 

earthquake 
Transfer structure 

performance 
Code design 
requirements 

Elastic* 
No 

yielding** 
* The ‘Elastic’ requirement, for concrete structures, should be taken as: ‘No 
yielding of the reinforcement’ 
** The performance criteria for the rare earthquake may differ according to the 
location and importance of the building 

3.3.3 Capacity based design 

The capacity design concept may be applied to the seismic 
design of TSs, as an alternative to a thorough non-linear dynamic 
analysis as part of a PBD approach, to ensure that the transfer 
structure remains elastic under all seismic forces. It is also a way 
of taking into account the possible overstrength actions that may 
result from larger earthquakes than the design basis event. 
Although most transfer members may be able to develop ductile 
failure mechanisms capable of great energy dissipation, their 
post-yielding behaviour should not be explored for resisting the 
design code earthquake, as they are critical elements of the 
vertical supporting system of a building. 

The energy-dissipating plastic mechanism for buildings with 
transfer floors should involve all the coupling beams and frame 
beams reaching their ultimate plastic states, and plastic hinges 
appearing at the bottom of the upper shear walls. An example of 
such a mechanism is shown in Figure 14(a) for a typical building 
incorporating a transfer storey. The overstrength of the lateral 
force resisting system should be accounted for, considering the 
potential variation in material yield strength and strain-hardening 
effects. Moreover, when calculating the capacity of elements for 
this purpose, material strengths should not be reduced by 
capacity or resistance factors [18]. 

Mu
Vu Vu

Mu

E

Mu

Vu Vu

Mu
Nu Nu

 
(a) (b) 

Figure 14: (a) Energy dissipation locations for a building with a 
transfer structure; (b) Design seismic forces according to the 

capacity design philosophy 
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The ASCE 7-10 [19], for example, indicates the use of an 
overstrength factor which approximates the inherent 
overstrength in typical structures having different seismic force 
resisting systems. The seismic loads factored by the 
overstrength factor are an approximation of the maximum force 
the transfer elements are ever likely to experience. The seismic 
load combination for the design of transfer structures according 
to this standard is defined by Equation (1): 

 0 ED Ω Q   (1) 

where D is a specific load combination for gravity loads, Ω0 is the 
overstrength factor, and QE represents the effects of the seismic 
action. The values adopted for the overstrength factor vary 
according to the lateral force-resisting system above the TS, 
taking the value of 3.0 for moment frames, and 2.5 for shear walls 
or shear wall-frame interactive systems. 

However, this approach, also commonly applied in China 
[18], may be over-conservative, as the amount of seismic load 
that can be delivered to the transfer structure might be limited by 
the ultimate capacity of the upper elements. Hence, a more 
rational design of the transfer structure must account for the 
effects of five actions, namely: the gravity loads (SG), under a 
specific load combination; the bending moments (SMu) 
correspondent to the flexural overstrength of the upper structure; 
the shear forces (SVu) in equilibrium with the bending moments 
SMu; the tension-compression couple (SNu) that the coupling 
beams may be able to induce in the shear walls; and the effects 
of the earthquake on the transfer structure when it is part of the 
lateral load resisting system (SE). Thus, the formulation of the 
capacity design approach for application on the design of transfer 
structures is as follows (Equation (2)): 

 
u u uG M V N ES S S S S S      (2) 

where S corresponds to the combined actions imposed on the 
transfer structure. Figure 14(b) shows the design forces (except 
gravity loads) for the transfer structure of the same building 
considered in Figure 14(a), in accordance with the capacity 
design formulation outlined. 

3.3.4 Vertical component of the seismic action 

According to EN 1998-1 [20], if the design ground 
acceleration in the vertical direction is greater than 2.5 m/s2, the 
vertical component of the seismic action should be taken into 
account for structural members spanning 20 m or more or 
cantilevering more than 5 m, and for elements supporting 
columns. Thus, the vast majority of transfer structures come 
under these conditions which implies that the vertical component 
of the earthquake should not be neglected. 

While the earthquake-induced bending moments and shear 
forces due to lateral loading may be limited through capacity 
design, the effects of the vertical excitations may not be limited 
in this way. Current building or bridge design codes do not 
explicitly address the effects of the vertical component of the 
earthquake and the seismic design of buildings rarely takes into 
account the vertical ground motions. If vertical effects are 
included in the design, they are typically represented by a 
spectral shape obtained through scaling the horizontal response 
spectrum appropriate at the site and using an average vertical-
to-horizontal ratio (V/H) of 2/3 (2/3 rule) [21, 22]. Additionally, it 
is known that the frequency contents of the vertical and 
horizontal components of the earthquake are different. In fact, 
although the frequency content of the horizontal accelerations is 
larger than the vertical’s one, the latter has a tendency to 
concentrate all its energy in a narrow high-frequency band 
(usually between the 7 Hz and 20 Hz) [23]. The EN 1998-1 [20] 
approach, for example, provides a vertical response spectrum 
based on the correspondent horizontal one, yet it accounts for 
the aforementioned differences in the frequency content. For low 
periods, the vertical component is 8% higher than the horizontal 
one, which is in accordance with that stated above. 

However, recent studies of high-intensity earthquakes, 
supported with increasing numbers of near-field records, have 
clearly demonstrated that any of the former V/H ratios grossly 
under-estimates the severity of the vertical component in the 

near-fault region and at high frequencies, and it is over-
conservative at large epicentral distances [21, 23]. Table 2 
shows some landmark earthquakes with a significant V/H ratio, 
which demonstrates, that at high frequencies and near-source 
distances, the vertical component of the ground acceleration 
may be noticeably more severe than the horizontal one. In such 
situations, most existing code specifications must be considered 
unconservative [24]. 

Table 2: Landmark earthquakes with a significant V/H ratio (Adapted 
from [24]) 

Event Mw Station V/H 
Gazli, Uzbeksitan 1976 6.8 Karakyr 1.89 

Imperial Valley, USA 1979 6.5 El centro array #6 3.77 
Nahhani, Canada 1985 6.8 Site1 1.90 
Morgan Hill, USA 1984 6.2 Gilroy array #7 2.25 
Loma Prieta, USA 1989 6.9 LGPC 1.47 
Northridge,USA 1994 6.7 Arleta fire station 1.61 

Kobe, Japan 1995 6.9 Port Island 1.79 
Chi Chi, Taiwan 1999 6.3 TCU 076 2.07 

Mexico City, Mexico 2017 7.1 CH84 1.67 

The approach of the Recommended LRFD Guidelines for 
the Seismic Design of High-way Bridges [25] is currently the most 
sensible and prudent way to account for the vertical ground 
motion. The provisions in this document state the following: (i) 
the impact of vertical ground motion may be ignored if the site is 
greater than 50 km away from an active fault; (ii) if the site is 
located within 10 km of an active fault, then a site-specific study 
is required if it is determined that the response of the structure 
could be significantly and adversely affected by vertical ground 
motion characteristics. In such cases, response spectra and 
acceleration time-histories shall be developed and include 
appropriate vertical ground motions for the design and analysis 
of the structure; (iii) if the site is located between 10 km and 50 
km of an active fault, a site-specific study may be performed 
including the effects of appropriate vertical ground motion. 

 

3.4 Deflection compatibility 

3.4.1 Differential axial shortening between supporting 
members 

The long-term differential shortening between the supporting 
elements of a transfer structure may be regarded as a support 
settlement from the perspective of the transfer structure. In tall 
buildings, long-term differential shortening may result in 
distortion of the horizontal elements and cracking in non-
structural elements. This phenomenon is even more serious for 
transfer structures, as these usually possess large flexural 
stiffness. 

Thus, the design of the transfer structure must include the 
effects of differential shortening between the supporting 
elements, when these are found to be significant. Both elastic 
shortening and the shortening due to creep and shrinkage should 
be accounted for. If not specifically mitigated, the imposed forces 
and bending moments due to this differential settlement can 
become very large, especially in high-rise buildings. Since 
designing the transfer members and connections for these 
additional anticipated forces is a considerable penalty, 
minimizing the effect through adequate conceptual design of the 
solution (regarding the sizing of the TS supporting elements), 
proportioning (relative stiffness of the TS), construction 
sequencing, special detailing, or other methods is a worthwhile 
effort [17]. Construction techniques such as floor-by-floor 
construction and construction schedules have a substantial 
influence on the amount of differential shortening [26]. 

A construction-staged analysis, followed by a time-history 
analysis to further investigate changes over time of the structural 
response of the building, are highly recommended to correctly 
predict the shortening of the vertical elements [26]. Once the 
differential settlement is accurately estimated for a given target 
time, the structural designer must ensure that the transfer 
structure is able to resist the additional forces and withstand the 
imposed deformation without losing its bearing capacity and 
without compromising serviceability requirements. 
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3.4.2 Impact of the transfer structure’s deformation on 
the supported structure 

The support that a transfer member provides is not as stiff 
as a regular column. In other words, the flexural stiffness of a 
suitable transfer beam or truss for a given situation is much lower 
than the axial stiffness of a concrete column, for example. This 
condition should be properly addressed during the analysis and 
design of the structural members above the transfer level. The 
deflections of the transfer structure will lead to a redistribution of 
loads on the upper structure of the building. Therefore, allowance 
should be made in the design of the supported structure for the 
deflection of the supporting members. This will normally involve 
the design for settling supports and may require continuous 
bottom reinforcement at transferred columns. As for the analysis 
of the upper floors, care should be taken if the structural model 
above the transfer structure is analysed separately with the 
assumption that the supports offered by the transfer structure are 
rigid. If the deflections of the transfer structures are found to be 
significant, the load redistribution should be carefully examined. 
In addition, staged construction analyses should be carried out 
to correctly assess the differential settlements of these “softer” 
columns in order to adequately reinforce the slabs [27]. 

 

3.5 Robustness and disproportionate collapse 

Transfer structures are often regarded as critical elements 
for the overall stability of the building. As global TSs are major 
elements of the structure and play such a big role in the vertical 
load bearing system, considerations of robustness and 
disproportionate collapse are key to their design. The resistance 
to disproportionate collapse is achieved through providing the 
structure with adequate robustness, designing it to be able to 
redistribute load when a loadbearing member suffers a loss of 
strength or stiffness and to have ductile global failure modes, 
rather than brittle ones. There are four basic approaches to 
design for robustness in structural engineering, which are 
common to all the codes around the world [28]: (i) tie-force based 
methods; (ii) alternate load path methods; (iii) key element 
design; and (iv) risk-based methods. 

Building structures are generally categorized in the four risk 
classes (Classes 1, 2A, 2B and 3), and for each of these classes, 
design criteria for meeting the robustness requirements are 
prescribed in codes [28]. Large transfer structures such as 
concrete plates, grids or steel trusses are usually present in tall 
buildings, which are classified as Class 3. However, the definition 
of a Class 3 structure in current codes is not extensive and there 
are numerous other buildings that should be included under this 
class on account of the risks involved and the consequences of 
failure. That is the case of low-rise buildings that have some form 
of transfer structure that is vital for the overall stability of the 
building. 

The design for robustness of buildings with global transfer 
structures will often involve a systematic risk assessment of the 
structure, as recommended for Class 3 buildings. However, there 
is little practical guidance available on the expectations for risk-
based methods. Information on risk assessment can be found in 
the informative Annex B of EN 1991-1-7 [29] and in the 
Designers’ Guide to Eurocode 1 [30], but it is more suitable for 
analysing foreseeable hazards. Currently, the paper by Harding 
and Carpenter [31] is the only significant document that provides 
an approach to determine the requirements of a systematic risk 
assessment. Notwithstanding, as a minimum requirement, 
buildings with transfer structures should be no less robust than 
Class 2B buildings, and the alternative load path and key 
element design methods should be applied. The alternative load 
path methods are always preferable over the key element design 
and should always be the prioritized in dealing with 
disproportionate collapse [28]. However, since transfer 
structures are often single elements, the notional removal 
approach is unlikely to be a viable design strategy in many cases. 
Thus, the design of TSs and, as importantly, of their supports, 
may be based on the key element design. It should be stressed 
that the key element design as prescribed by codes might be 

insufficient, and transfer members that are vital to the stability of 
a large part of the structure should be designed for the loads 
arising from all normal and abnormal hazards, as predicted 
through a comprehensive risk assessment. 

 

3.6 Construction sequence 

The structural behaviour of a building, comprising its 
response in terms of movements, variations in internal forces, 
moments and stress distributions, and development of locked-in 
forces will gradually change during and after the construction due 
to varying loading conditions and time-dependent properties of 
the materials such as concrete creep, shrinkage and aging, and 
tendon relaxation [26]. Therefore, especially in tall buildings, it is 
highly recommended that a construction-staged analysis is 
performed to accurately estimate the final geometry of the 
building and the forces the elements must resist at each stage of 
construction. The effects of the construction sequence may be 
extremely important for the design of transfer structures due to 
the comparatively large stiffness of these elements and 
sequential built up of stiffness of structural framework above the 
transfer level [27]. Only through a staged construction analysis 
will the load transfer history be correctly incorporated into the 
design of a transfer structure. 

A comparative study between a staged construction analysis 
and a conventional lumped analysis [32] based on a 25-storey 
building with low-level transfer beams estimated that sequential 
analysis leads to increments of about 30% in both the deflections 
and the bending moments and shear forces on the transfer 
beams. This conclusion shows that the effects of the construction 
sequence cannot be neglected and demonstrates the 
importance of performing a staged construction analysis. 
 

3.7 Connection design 

Transfer structures usually deal with very high forces that 
must be transmitted to the supporting columns or walls. The 
magnitude of these forces requires large and often geometrically 
complex connections. When the same material is used in all 
members, the detailing is simplified – all-steel systems may use 
large bolted gusset plates, field or shop-welded joints, or a mix 
of approaches at different parts of the structure, whereas all-
concrete systems require sufficient space in all members to 
position reinforcing bars ensuring an adequate detailing, while 
permitting effective concrete placement. 

The use of different materials, such as a steel transfer truss 
spanning between concrete walls or columns, poses additional 
challenges regarding the connections of the transfer structure to 
the supporting members. When substantial forces must 
transition between different materials, it is important to establish 
an appropriate load path that must be practical and clear. The 
connection between the transfer structure’s steel members and 
the supporting RC walls or columns may involve pockets, 
corbels, flush embedded plates, embedded steel cores, 
embedded steel stubs, and embedded anchor trusses [17]. The 
most adequate solution will depend on the magnitude of the 
forces involved, the materials used, the geometry of the 
members, the erection equipment available, and local 
construction preferences. 

The general seismic design principle of providing 
connections stronger than members should be followed. This 
aims to maximize the ductile behaviour of the structure by 
distributing post-yield strains along a portion of the members’ 
length, rather than concentrating the yielding within the 
connections, leading to a potential fracture [17]. However, for 
large transfer structure members whose size is dictated by 
stiffness or other requirements, it may not be practical to design 
connections to be stronger than the maximum capacity of the 
members; thus, a conventional seismic design should be 
performed. In such cases, a non-linear dynamic analysis as part 
of a Performance Based Design can simulate realistic 
connection demands and demonstrate that lesser, practical 
connections will remain elastic under the design seismic event. 
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4 Construction considerations 

4.1 Transfer structure constructability 

Global transfer structures should always utilize the highest 
strength of materials that are locally available to a project in order 
for these elements to be the most effective and constructible. 
This includes using high-strength concrete (HSC), high-strength 
steel rebar (HSR), and high-strength structural steelwork (HSS). 
Notwithstanding, steel transfer structures that have their member 
sizes controlled by stiffness rather than by strength may not 
benefit from the use of HSS, as a minimum steel size may be 
required. There are several reasons why the use of high strength 
materials is crucial for improving constructability of transfer 
system, such as: (i) reduced congestion for large RC elements 
(transfer plates, deep beams, transfer girders); (ii) reduced rebar 
congestion for RC elements rebar anchorage; (iii) reduced steel 
members and connection plate sizes; (iv) reduced steel 
structures’ erection weights and RC elements’ formwork 
placement; and (v) reduced steel embedded shape sizes into RC 
walls and columns. 

 

4.2 Construction methods 

Global transfer structures are major elements of buildings 
and their effect on building cost and construction time can be 
considerable. The construction of buildings with TSs will always 
reflect location-specific preferences, abilities, and limitations. 
The existence of special members and heavy connections 
associated to transfer structures, along with the changes from 
typical floor framing at transfer levels, can significantly slow down 
the construction process. Low-level TSs have the advantage of 
concentrating all the most difficult construction work at the base, 
which allows for the use of normal building techniques, whereas 
high-level TSs may require substantial temporary support 
structures. In buildings with multi-tier transfer systems, it is 
possible to construct more than one floor simultaneously, which 
can be significant for finishing trades, possibly saving 
construction time. Another alternative is to construct the floor on 
the ground and raise it into its final position. 

As pointed out, for the construction of high-level transfer 
structures, a working platform is usually be needed. The 
structure of the platform will vary considerably depending on the 
type of transfer system used. When the transfer floor consists of 
in-situ concrete, the platform will have to be sufficiently stiff and 
strong to take wet concrete, whereas, when the floor is made up 
of precast units or steel frameworks, the platform will merely be 
a staging. In suspended structures, the construction of the typical 
floors may be made from the bottom up or downwards from the 
transfer level. In bottom-up construction, it is usual to design the 
hangers to act as columns during the construction stages. On the 
other hand, downward working on the external faces of the 
building will enable cradles to be used, eliminating the necessity 
of scaffolding, thus resulting in a financial saving and the saving 
of time due to dismantling the scaffold upon completion. 
Additional complications in the construction process may arise if 
the space below the structure is not available for the installation 
of the temporary falsework system, even for a low-level transfer 
structure. This kind of constraint is common, for example, in 
buildings constructed above active railway lines or an existing 
building. In these cases, the designer may be left with no choice 
but to conceive a secondary transfer system to assemble/cast 
and support the real transfer structure until it is activated. 

 

4.3 Mass concrete construction technology 

4.3.1 Early-age thermal cracking 

Mass concrete generally refers to elements with thicknesses 
higher than around 1.0 m. Some types of transfer structures, 
such as transfer plates and grids and large transfer girders, might 
be considered mass concrete elements and therefore, the 
provisions that follow are applicable. 

The key feature that distinguishes mass concrete from 
ordinary concrete works is their thermal behaviour. Once the 

cement-water reaction is exothermic, concrete elements 
generate heat as the cementitious materials hydrate. Therefore, 
the temperature increase within thick concrete elements, where 
the heat dissipates more slowly than it is generated, can be 
significant and may induce temperature differentials between the 
core and the surface. The high temperatures developed inside 
the mass and the consequent temperature differentials cause 
internal restraint, which is the main source of early-age cracking 
in mass concrete elements [33]. 

4.3.2 Mix requirements 

Mass concrete should incorporate low-heat cement such as 
slag portland cement, pozzolana portland cement and fly ash 
portland cement, and the cement content should be limited to as 
small an amount as possible in order to reduce the temperature 
rise [33]. The aggregate should be of high-quality, with a compact 
structure and adequate strength. In general, coarse aggregate 
should be adopted in the largest practical size to reduce the 
amount of cement required [34]. Selecting an aggregate with low 
thermal expansion will reduce the potential for thermal cracking, 
as it allows higher temperature differences than concrete made 
with high-thermal-expansion aggregates. On the other hand, a 
wide range of gradings for fine aggregate may be used to 
achieve satisfactory behaviour, and more detailed information 
about this topic can be found in [33]. Furthermore, chemical 
admixtures can be used to increase concrete workability and 
reduce the water content in the plastic state. They can also be 
used for retarding initial setting, modifying the rate or capacity for 
bleeding, reducing segregation, and reducing the rate of slump 
loss. In addition, chemical admixtures may provide relevant 
benefits to mass concrete in the hardened state by lowering heat 
evolution during hardening, increasing strength, lowering cement 
content and increasing durability. The chemical admixtures that 
are important to mass concrete are classified as air-entraining, 
water-reducing and set-controlling [35]. 

4.3.3 Planning pour sizes and construction sequence 

Concrete transfer structures such as transfer plates, transfer 
grids, large transfer girders and deep beams may have 
considerably high thicknesses (up to 5 m) and very large 
amounts of concrete. In these cases, it is usual to adopt a 
multiple layer construction concept, in which the transfer 
structure is divided into two or more horizontal layers, cast at 
different times [3]. The first layer is designed to support the 
subsequent layers through partial stressing of the permanent 
bottom layer cables, usually composed of horizontal tendons. 
This reduces the load on the falsework system, as the weight of 
the remaining layers is resisted by the bottom layer. Moreover, 
the concrete pours have more manageable sizes and the partial 
prestress also provides measures against possible early age 
shrinkage cracking in the concrete. The thickness of the bottom 
layer is usually 20% to 50% of the total thickness of the transfer 
structure, depending on the number of layers. Through this 
construction technique, the falsework system only has to be 
designed to support the self-weight of the first layer, which may 
have major implications on the overall economic performance of 
the solution, as well as on the construction time. 

4.3.4 Curing method 

In warm weather, mass concrete is best cured with water, 
which provides additional cooling benefits. When moisture is 
likely to be lost from concrete surfaces, mass concrete should be 
water-cured for at least two weeks, or up to twice that time if 
pozzolans are used. Surface insulation is often used (especially 
in cold weather) to warm the concrete surface and reduce the 
temperature differentials, which in turn minimizes the potential 
for thermal cracking [36]. This method does not significantly 
increase the maximum concrete temperature but is very effective 
in reducing the temperature differentials between the core and 
the surface. However, it decreases the rate of cooling, which may 
result in undesired delays. If insulation is used in elements cast 
by stages, it is recommended to maintain the insulation for as 
long as possible on the previously cast concrete layer. 
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4.3.5 Cooling and temperature control 

To control the width of early-age thermal cracking, it is 
common to specify allowable limits on the peak temperature at 
the core and on the temperature differentials during the post-
construction period. The values of 70 ºC and 20 ºC are usually 
adopted for the former limits, respectively. There are several 
methods and measures to control the temperatures in mass 
concrete, the most relevant of which are highlighted next. As 
previously mentioned, the choice of low-heat materials in the 
design stage is an effective way of controlling mass concrete 
temperatures. Currently, it is also common practice to precool 
mass concrete before placement, as its temperature before 
pouring has a significant influence on the maximum temperature 
developed [33]. Post-cooling of concrete through embedded 
cooling pipes may also be used in particular cases to control 
temperature rise in restrained zones where maximum 
temperatures cannot be limited by other, less-expensive cooling 
measures [36]. Surface insulation during curing is also a means 
of controlling temperature differentials between the core and the 
surface of large concrete elements. In addition, it is 
recommended that monitoring of concrete temperature and its 
effect on the long-term strength of the concrete should be carried 
out during the early construction stages [33]. Stress and strain 
measurements should also be made to verify design 
assumptions and calculations of critical elements such as 
transfer structures. 

 

4.4 Fabrication and assembly of steel structures 

4.4.1 Quality control and tolerances 

Transfer structures often involve complex steel frameworks 
and require a high degree of dimensional control and 
craftsmanship during fabrication and erection. Quality assurance 
during fabrication assumes utmost importance in ensuring that 
the completed structure behaves in the manner envisaged during 
the design stages. Any deviation from these design 
considerations as reflected in detail drawings may introduce 
additional stresses to the structural members and affect their 
strength and durability. A comprehensive system of tolerances 
for fabrication and erection and suitable allowances for member 
distortions should be carefully investigated and established for 
every particular project. In addition, the assembly order for each 
member component should be thoroughly planned, accounting 
for the influence of deformations due to welding shrinkage when 
its effects are found to be significant. 

4.4.2 Nodal connection approach 

For global transfer structures made of steel, member sizes 
and their connections are often heavy and complex. In order to 
simplify the construction process and improve the 
constructability of these connections, a “nodal” approach may be 
adopted. Such an approach means that the connection “nodal” 
assemblies can be all shop-constructed and then shipped to the 
site to be erected and field bolted. This not only provides 
logistical benefits but also allows for greater quality control of the 
fabrication of such critical members of the structure [19]. 
Furthermore, on-site welding requires very high levels of quality 
control, appropriate on-site testing, as well as carrying a fire risk. 
On the other hand, while field bolting of steel transfer structures 
is usually preferred to minimize the risk of poor-quality site 
welding, it may not always be possible for all connections due to 
the time-dependent differential movements between the 
supporting members, which may impose deformations that 
exceed bolting tolerances [37]. 

 

5 Case study: Saint Gabriel Tower 

Saint Gabriel and Saint Rafael Towers (Figure 15(a)), in 
Lisbon, Portugal, are two identical 110 m-tall buildings 
constructed in the year 2000. In each tower, the 25 residential 
storeys rest on top of a concrete transfer grid in order to free the 
space at ground level (Figure 15(b)). For architectural reasons, 
it was requested that the transfer grid be in the shape of a ship’s 

hull, with ellipsoidal geometry. The transfer grid, which receives 
the load from all the interrupted columns of the upper structure, 
is supported in the two cores of the building, with a central span 
of about 25 m and cantilevering approximately 15 m long beyond 
them [11]. It is composed of a set of orthogonal post-tensioned 
beams 1.2 m wide and up to 5.6 m deep [11]. 

An alternative transfer structure in the form of a composite 
steel and concrete truss system was designed for the Saint 
Gabriel Tower in order to compare these two types of transfer 
structure highlighting any real advantages and economic 
benefits to be gained from changing the structural material. The 
original scheme and the design of the variant solution are 
presented in detail in [9]. The design of the composite scheme 
developed was ultimately determined by the control of 
deflections, rather than by strength requirements. The 
disproportional collapse assessment and the control of vibrations 
stand out as the aspects that could potentially have a significant 
influence in the final design and that are not common issues in 
ordinary building structures. 

The cost estimations for both transfer systems and for 
current construction in Lisbon and London (UK) are presented in 
Table 3. Results show that the variant solution is 38% more 
expensive than the real solution for Lisbon’s scenario, whereas 
the solutions are economically very competitive considering 
construction in London. However, this comparison doesn’t 
account for some important factors such as the available space 
at the transfer floor and the construction time, which could be 
great advantages of the composite solution. A more detailed 
analysis is presented in [4]. This comparative study 
demonstrates that there does not exist only one suitable solution 
for a given transfer problem, and that the choice of transfer 
structure is greatly dependant on local construction conditions 
and preferences. 

Table 3: Cost estimations for the SGT transfer solutions 

 

Original post-tensioned 
transfer structure cost 

Composite variant transfer 
structure cost 

Lisbon 
(Portugal) 

London (UK) 
Lisbon 

(Portugal) 
London 

(UK) 
Total 
cost 

1 221 558 € 2 019 074 € 1 682 056 € 2 064 318 € 

Unit. 
cost 

1111 €/m2 1836 €/m2 1529 €/m2 1877 €/m2 

Note: The conversion rate adopted was: 1 GBP (£) = 1.15 EUR (€) 

   
(a) (b) 

Figure 15: (a) Saint Gabriel and Saint Rafael Towers, 
Lisbon, Portugal; (b) Structural elevation 

 

6 Conclusions 

Transfer structures provide a means of redirecting gravity 
loadings when a vertical supporting member has to be 
interrupted and a direct load path to the foundations is not 
possible. The need for TSs is evident, as adjustments in the 
structural grid are required for the most varied reasons, and the 
combination of several functionalities in the same building is 
increasingly more common. Transfer structures, especially in RC 
buildings, create construction logistical challenges related to 
sequencing, erection of heavy elements, as well as formwork 
complications. This paper presents a review of the principal 
structural systems employed as TSs in buildings and provides 
technical background information necessary to understand and 
address key issues associated with transfer systems use. 
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