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Dirk Krolikowski is a lecturer in Innovative Technology and
Design at the Bartlett School of Architecture, University
College London. For more than a decade he worked for Rogers
Stirk Harbour + Partners on projects such as The Leadenhall
Building in London, where he was in charge of the design,
development and delivery of the unique external structural
stability system. Furthermore Krolikowski was involved in
high-rise designs in New York, Sydney, Taipei, and the BBVA
Tower in Mexico City, where he was responsible for the
design development of the structural system working in close
collaboration with ARUP.
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most notably The Leadenhall Building in London, Geneva
Airport in Switzerland, and BBVA Bancomer Headquarters in
Mexico, where he was part of a satellite based team working
with co-architects Legorreta + Legorreata in Mexico City.
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major projects. He has worked on the National Assembly
for Wales, T4 at Barajas Airport in Madrid and the Las Arenas
Bullring conversion in Barcelona.After his time in Spain James
moved to Mexico, where he worked as project architect for
RSHP on the detailed design and delivery of the BBVA tower.
James became an Associate Partner in 2016 and is currently
working on the International Spy Museum in Washington DC.
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Abstract | &

The objective of the paper is to describe the findings throughout the architectural design process
of the structural system of the Torre BBVA Bancomer in Mexico City, which reached completion
in early 2016. One focus of investigation will be on how key aspects like seismic design and
intumescent fire coating technology enable an architectural language that emphasizes legibility
within the system and its components. Also, downstream aspects will be explored, such as

how local fabrication, construction culture, and constraints inform the architectural decision
making process, and the emergence of a tectonic language that exposes the steelwork within
the assembly. Further investigation will be carried out into how the structural megaframe
enables an architecture with multi-story garden spaces as a notion of vertical realm and urban
densification. The paper will conclude with observations on the building as a tested prototype
representing a new generation of urban substance.

Keywords: BIM, Culture, Design Process, High-Rise Construction, Mega-Frame Structural

System, Urbanization
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The Project

The Torre BBVA Bancomer in Mexico City
reached completion in early 2016 and was the
result of an international competition won in
2007. Itis located on the gateway to the Paseo
de la Reforma from Chapultepec Park. The
new high-rise is the result of a collaboration
between architectural practices Rogers Stirk
Harbour + Partners and Legorreta +Legorreta
with ARUP as structural consultants

(Figure 1).

The 50 stories of office space for the new
headquarters accumulates to an overall height
of 235m and 78,800m? of prime office space
for BBVA Bancomer, and can accommodate
approximately 4,500 employees.

Further amenities such as social spaces for
employees and a large carpark with access
ramp are located in separate annexed
buildings, which are part of the development
next to the main tower building.

The tower has an open, accessible 12m
high reception space, which is partly open
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Figure 1. The External steelwork system - the so called
Megaframe - is clearly legible form outside, as are are
the garden spaces formed by the structure. (Source: Mark
Gorton, Rogers Stirk Harbour+Partners)
. SMNEPNAR ARG, BNEAUEZREEN, SNSRI
TIHE, XAEEMBIRL T IEE .

(3&8: Mark Gorton, Rogers Stirk
Harbour+Partners)

to the public and carries a helicopter pad
for executive access on top. The in-plan
organization comprises a soft core in the
central main area, with lift and mechanical
services as well a separate "umbilical”

core containing further raiser space and
vertical transportation.

The facade is a lattice with sun shading
panels that allow for varying levels of light
penetration to manage solar gain and glare.
The shading screen is a hung lattice that
carries perforated and colored screens. These
shades resemble local traditional sun screens
and are seen as a modern interpretation and
method of contextualization. The building
achieved LEED Gold through its exceptional
environmental strategies and performance
(Figures 2 & 3).

Cultural Drivers and the Architecture of
the Structural System

During the development of the building

it became clear that the building design
must respond to local construction culture
in Mexico. This meant that the team

had to be sensitive to local constraints

of building technology and preferred
methods of construction as well as delivery.
Demonstrating flexibility and a willingness
for the design team to reinvent themselves
was key to dealing with a range of specific

technical issues, such as seismic design and
fire protection particular to the context of

a high-rise building. This building typology
is still rare in Mexico City, and there is little
experience in the local market. The team had
to adapt to those constraints and use them
to create maximum value and innovative
solutions while placing strong emphasis on
buildability and constructability. Mexico's
construction culture is heavily influenced

by the United States. Codes are generally
derived from American codes such as

the IBC, which is a direct derivation of the
American NBC. However, this is not only true
for the code aspects of the design, but also
for preferred methods of construction. The
heavy bias of the North American building
industry towards welding on site, and
subsequently the local preference, meant
that the design team had to engage with this
technology as a fundamental constituent of
the architecture. Parameters like these had

a considerable influence on construction
sequencing, tolerance strategy, buildability,
safety considerations, and, foremost,
architectural approach.

The main stability system is formed by a
trussed steel tube with a hexagonal plan
and interior columns. Drivers for the plan
geometry were considerations of optimal
office layout, site constraints and structural
necessities. The stability system, the so called
megaframe, is subdivided into 17 megalevels
of 12.90m each. The short faces of the
hexagon are braced by K-shaped bracing
elements, which allow for protruding office
spaces to the north, while they are part of
access and connection to the umbilical core
to the south, which carries lifts and services.
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Figure 2. Typical floor plan showing the hexagonal
trussed tube with internal columns. The soft core and
umbilical core are not part of the structural stability
system but supply all services. Sky Gardens occur every 9
levels. (Source: Rogers Stirk Harbour+Partners)
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Figure 3. At ground floor, entrance and reception areas tie into the urban fabric with a garden that is partially
accessible to the public, offering break out spaces (Source: Rogers Stirk Harbour+Partners)
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The annexed core itself does not contribute
to the stability of the system, but only gains
lateral strength from the main trussed tube.
The four 50m long sides of the hexagonal
tube are braced on each megalevel.

Every megalevel contains five office levels,
which at mid span are hung off the upper
horizontal mega beam. Each floor plate
compromises a soft core in the center of the
building, which again does not contribute to
the building’s stability system.

Early studies of the structural system showed
that it would be ideally located on the outside
of the building to be most effective, which

led to the frame becoming a main element of
the architectural expression of the building,
clearly visible. The subdivision and hierarchy
of the overall system elements could become
a legible part of the architecture, which can
be experienced by the user and the passer-by,
but also as a graphic architectural element on
the skyline of Mexico City.

Intumescent Fire Protection as Key
Technology.

The architectural language of the structural
elements was dependent on further drivers,
which, in the case of passive fire protection,
were code related. They required in-depth
investigation by the design team. Previous
experience by RSHP employing two-
component epoxy-intumescent systems led
to extensive studies toward the possibility of
transferring gained insights onto the project
in the South American context.

Intumescent coatings as part of a passive
fire protection system undergo a chemical
change when exposed to heat and foam up
into a dense insulating and heat-deflecting
cellular char. Therefore, paint can replace
cladding to achieve fire protection. During
RSHP’s design and development of the The
Leadenhall Building, a high-rise development
of similar height in the City of London
(United Kingdom), extensive research into
the applicability of the technology in an
architectural context was carried out.

Traditionally, these high-end passive fire
protection systems did not reach architectural
standards particularly in external applications.
Advances in two-component intumescent
systems that are not hygroscopic and have a
sufficient design life have been made in the
last decade, particularly for their application
in offshore oil-industry projects. During the
making of The Leadenhall Building, many
application procedures and off-site handling

standards were developed to implement
external application of intumescent coating
as an architecturally sound system that

was proven to have reached technological
maturity. Fire classes up to 120 can be
achieved with a high-quality architectural
finish if considered thoroughly. The existing
trust in the technology enabled the team to
convince all stakeholders of the maturity of
the approach, and in turn enabled the team
to develop and directly express the tectonics
of the steel frame forming a highly visible
and important part of the architecture. If a
traditional approach would have been taken,
the structural system would have been clad
to achieve required fire protection and an
expression of an architectural language
directly derived from material and fabrication
logic would not have been possible.

Expression of the Seismic Fuse and the
Emergence of a Tectonic Language

Unlocked by the design team'’s experience in
the application of intumescent technology
on the large scale project in the United
Kingdom, further aspects of the architecture
of the structure could be explored. One of
the main aspects of developing a unified
tectonic language for the project - rooted in
material and process logic of the employed
technologies — was to enhance the legibility
of the workings of the structure and make
them a prominent part of the architecture
of building. The structural assembly and

its individual constituents now could be
expressed and clearly articulated.

One overarching technical parameter was
the seismic activity of the Mexico Valley
together with its particular geology. Mexico
City is built on the former basin of Lake
Texoco, which was a natural lake within the
Valley of Mexico. Through causes like artificial
drainage, the lake is not in existence anymore
but forms the base of the city. The proximity
of Mexico City to one of the most active
tectonic trenches in the world, the middle-
American trench, means that Mexico City is in
a highly active seismic region, with about 100
recorded tremors. In addition, the geology

of the former lake bed further amplifies the
impact of seismic shaking, resulting in a quite
unique and challenging seismic profile. To
deal with impact of tremors, the engineering
approach utilizes the capacity of steel to
absorb seismic energy with elastic and even
plastic deformation. The bracing system of
the aforementioned long megaframe flanks
spans over the typical megalevel height and
incorporates an eccentricity at the theoretical
node out. In fact, diagonals are not noding
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out, but are 2.5m off-set and connected via a
so called "Fuse!In case of an earthquake this
element experiences high stresses due to the
aforementioned eccentricity of the bracing
system. The induced stresses are transferred in
elastic — and depending on their magnitude
- plastic deformation of the fuse element,
which ultimately absorbs the seismic energy
and thus protects the structure from damage.
Architecturally, it was seen as important to
express the “Fuse” element as a legible part

of the structure of the building. By narrowing
the fuse-zone of the mega-horizontal, clear
articulation of the energy absorbing element
could be achieved. Expression of this key
element could be further emphasized by

thoughtful arrangement of stiffeners of
the incoming bracing diagonals and beam
horizontals (Figure 4).

The same architectural approach has been
taken for the connections of the floor plate
ring beam to the megaframe. The floorplate
itself is in-set and only engages with the outer
stability system at clearly defined connections
in the corners of the megacolumns (in

the case of the intermediate floors). The
geometry and stiffener arrangement of these
connections underwent as much architectural
as structural investigation and played a part
in coining the term “Crocodile Clamp. The
tectonic of the connection clearly expresses

Figure 4. The “Fuse.” Expression of this key element could be accomplished by thoughtful arrangement of stiffeners of
the oncoming bracing diagonals and beam horizontals. (Source: Rogers Stirk Harbour+Partners)
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Figure 5. The “Crocodile Clamp” shown here during construction. The tectonic of the
connection clearly express the flow of forces and “bites” into the main column. Itis a
legible part of the system. (Source: Rogers Stirk Harbour+Partners)
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the flow of forces and “bites”into the main
column. Itis a legible part of the system
(Figure 5).

Further considerations also evolved around
welding technology (i.e., preferred weld-types
and their impact on the architecture.) For
example, the in-plan plate arrangement of
the main columns was designed to allow

for simple fillet welds while allowing for a
desired sharp edge of the component. In
plan, the 1.8m megacolumns are intersecting
V-shapes as an architectural response to the
requirements of welding (Figure 6).

All given parameters and constraints led

to new and unprecedented solutions

that, enabled by key technologies, unified
architecture and engineering logic in a
carefully considered tectonic language.
Sculpted by forces, materials, and welding
process logic, the architecture of the structural
system enabled an emphasis on a kit-of-part
approach that interrogates and defines every
component of the system.

WL

At this point it should be mentioned that

a key part of the approach was the early
stage integration of sophisticated digital
technologies that were not yet integrated or
even known within the Mexican market. These
technologies, like digital prototyping, have
been used to validate design decisions. The
quality of conception and development of the
tectonics of the structure was dependent on
RSHP's use of digital technologies to forecast
design issues related to the engineering and
fabrication aspects of the project. A holistic
digital prototype, built and maintained by the
London-based design team, ensured quality
of development and information, which also
had a significant impact on the final delivery
of the actual building. It played a pivotal role
in helping to deliver results faster, better and
with a clear understanding of all processes
involved. The success of the digital strategy
on this project even helped to further RSHP's
robust in-house workflows and standards,
initially developed for The Leadenhall
Building. It enabled the team to deliver

the highest quality of design information
allowable to engage in a comprehensive and
interdisciplinary dialogue with significant,

El6. VAIEAERETIMA.

Figure 6. The V-Shaped main column assembly with a sharp edge. In plan, the

1.8m megacolumns are intersecting V-shapes as an architectural response to the
requirements of welding. (Source: Rogers Stirk Harbour+Partners)
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Figure 7. 3D Digital Prototype testing architectural
decisions and the mechanical services strategy. A holistic
digital prototype, built and maintained by the London-
based design team, ensured speed and quality of design
development. (Source: Rogers Stirk Harbour+Partners)
E7. =AU R R E AN AR S5 2R S
AR RNFRENSUERER, CBENTHEI
AP T 2EBFHEN.  (RF: Rogers Stirk
Harbour+Partners)

positive impact on quality of architecture,
construction speed, risk management, and
value while helping to bridge cultural barriers
(Figure 7).

The Structure Creating Garden Spaces

The structural system of the building further
enabled the implementation of very early
design concepts. The building is seen as an
exploration and innovation of traditional
office organization. It offers flexibility for
modern working but also acknowledges
the importance of less formal spaces like sky
gardens. These full-megalevel-height garden
spaces occur every nine floors. They bare

Figure 8.The color of the garden space soffits and
annexed buildings adds another layer of urban
contextualization and cultural relevance. (Source: Rogers
Stirk Harbour+Partners)
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similarity to the ground floor, where entrance
and reception areas tie into the urban fabric
with a garden that is partially accessible

to the public and offers break out spaces.

As such the gardens encourage quality
internal working culture, but also contribute
to the quality of vertical urban space and
densification. At the heart of the concept is
the idea that gardens cater to office villages
that are social subdivisions of the larger
community, embracing a rich public life and
an inherent value in Mexican culture, where
the outside is an important aspect of public
interaction facilitated by the climate.

The color treatment of the soffits of these
spaces, clearly visible from the street level,
is meant to add another layer of urban
contextualization and cultural relevance
(Figures 8 &9).

Conclusion

The project exemplifies the importance of
a cultural context that is urban as much it is
technological. RSHP's experience in high-
rise projects covers buildings across five
continents, and the practice has proven
sensitivity to local constraints of building
technology and preferred methods of
construction as well as delivery. While
dealing with a range of specific technical
issues (including the requirements of

W ARSI IR B B R AR,

XM FREAIE R, Bhr. BB

T RRINEHERSTR, BET2E

REMER. HEHEIBARAIHEZT L

FEEIRSHP# — 52 NER TAERYRAZEA
P, ZERSRYIREZRAAE (The
Leadenhall Building) IMB® T4k

K. TEERFRAMRERRTHE

B, JU#HTEEANEER ZEE,
EZMmE. BLERE. NRESENERN
EEB TENRMLEE, ERSTEBITES
XiER (E7) .

SE= AR

BIREMARAR SRR T RFEHENN
WIS, ZRFRAA T AELE
HIRZRMET. BRI TIES
R T REM, INTTBREE=EINE
BEX, Wsl#HZREE. SNUEME—
PeEENYEERTE. XEEES5—
RRHINOMIERRFOABE0L, ERERHW,
AT FIA AR RAE T (E. X
FERVTEEE MY AT AEMNER R THZ RS
NN, MEXEETEERHZT
[EHE— SR EN . NIRRT AITHY
A BIERNEEATLS, Ea—"
BEFELHEENREK. BSERMN
A ERERSXHARENERN—
E2HH, XERALEENHRA.

TlEmIEEEe, e B,
X E R AR AL K Ex
(B8. 9)

Figure 9. Stacked “villages” as social subdivisions of the larger office community are tied together with dedicated

garden spaces. (Source: Rogers Stirk Harbour+Partners)
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Figure 10. Overall shot of Torre BBVA Bancomer during construction. Its successful architecture proudly displays
cultural standards as well as civic virtues of Mexico City. (Source: Rogers Stirk Harbour+Partners)
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seismic engineering, prescribed methods

of fabrication, and assembly), the team

has proven to be well versed in adapting
constraints and using them to create
outstanding and innovative solutions, adding
to existing rich working cultures through the
implementation of the latest digital tools.

Torre BBVA Bancomer is seen as a tested
prototype representing a new generation

(&8 Rogers Stirk Harbour+Partners)

of urban substance in Mexico City. It is
proposing strategies for future models of
urban densification in the South Americas
while maintaining contextual relevance
through effective and attractive urban fabric.
Through its successful architecture it proudly
displays cultural standards as well as civic
virtue of Mexico City (Figure 10).
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