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Plot 17-18 Project: Tall Building Design in “Moscow City”
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Emre Ekici has been providing structural services for high-rise
and special-use structures throughout the world for the past
8 years.

Since joining Renaissance Construction four years ago, Ekici
has gained structural engineering experience in a variety of
projects, which includes residential, office, hotel and retail
facilities. His responsibilities include direct involvement and
management of design and construction phase services in
connection with these projects.

He graduated from Istanbul Technical University with a
Bachelor of Science degree in Civil Engineering and a Master of
Science degree in Structural Engineering.
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Abstract | fFE

Renaissance Construction is one of the common development companies in Russia, planning
to build a mixed-use project within Moscow City, a new development area along the Moscow
River 5.5 km from the Kremlin. The Plot 17-18 project consists of office and residential towers to
be arranged on a triangular site, with a parking and retail podium at ground and below — for a

357,000 m2 total project area.

This paper studies the use of the outrigger and belt wall system for the Residential Tower
subjected to wind loads and progressive collapse scenarios. For the three dimensional 77—story
model, 70% maximum displacement reduction can be achieved by providing the first outrigger
at the 29th level and the second outrigger at the 49th level of the structure. Additionally, the
outrigger and belt walls create structural redundancy, which is beneficial in progressive collapse

scenarios.

Keywords: Moscow City, Outriggers, Progressive Collapse, Structural Engineering, Tall

Building, Wind Loads
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Moscow City

Moscow International Business Center, also
referred to as “Moscow City,"is a commercial
district in central Moscow, Russia. Moscow
City is currently under development, and is
expected to become the first zone in Russia
to combine business activity, living space
and entertainment in a single development
(Figure 1).

The Moscow government first conceived

the project in 1992. An estimated 250,000
300,000 people will be working in, living in,
or visiting the complex at any given time.
The project occupies an area of 60 hectares;
the territory chosen is the only area in central
Moscow that can accommodate such a
project. Before construction began, the

area had been an old stone quarry where
most of the buildings were old factories and
industrial complexes that had been closed
or abandoned. The total cost of the project is
estimated at $12 billion.
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Figure 1. Moscow International Business Center 2016 (Source: Renaissance Construction)
E1. EERIEFRES 02016 (K Renaissance Construction)

Europe’s tallest building, the Federation
Tower, is in the Moscow IBC. The complex
also includes the second, third, fifth, sixth, and
seventh-tallest buildings in Europe.

Project Information and Structural System
Determination

Renaissance Moscow Towers are located in
the center of Moscow, 5.5 km away from
Kremlin, in Moscow City — the finance,
business and entertainment center of Russia
and new CBD of Moscow. The Project’s
location combines living space, business
activity and entertainment together. One of
the strongest characteristic of the Project is its
over 8,000 sg. m of green area, which provides
residents with a green garden, including
walking, entertainment and leisure zones. The
natural setting of this green space serves as a
relaxation area for its residents.

The project comprises a 289 m 61-strory office
tower, a 336 m 77-story residential tower

and a four-story podium building of mostly
parking accommodation and retail (Figure 2).

Several variations on the tower’s structural
concept were studied such as “outrigger
systems”and “wing walls system. The goal of
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Figure 2. 3D view from conceptual design studies
(Source: Speech Architectural Design Office)
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Figure 3. System diagram of the residential tower.
Concrete core walls are linked to the perimeter columns
at mechanical floors. Outrigger elements (red) are
typically reinforced concrete walls (Source: Renaissance
Construction)
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the studies was to minimize construction cost
while allowing more flexibility in laying out
units and combining them after construction.
Outrigger systems are prevalent in the
structural design of tall buildings because
they efficiently increase structural stiffness
and thereby increase the structural width

of lateral system. By linking building cores
with perimeter columns to resist overturning
forces, the outriggers relieve overturning
stresses in a building’s core by sharing the
loads with the perimeter columns, all while
avoiding the architectural disruption of having
continuous fin walls or diagonal bracing
linking the core to the perimeter columns
throughout the height of the building.

The tower structures are also based on the
design and construction team'’s assessment
of the cost, constructability, speed of
construction, reliability and robustness of a
number of alternatives during the concept
design phase. A structural concept was
selected with central core wall structure
and columns supporting both gravity and
lateral loads. This system also minimizes the
structure’s impact on leasable floor areas.
The structural concepts for the two towers
are generally similar — both towers utilize
reinforced concrete walls around the core
elements with reinforced and post-tensioned

concrete floor framing. For both the office
tower and the residential tower, providing
the outriggers greatly relieves forces on the
core wall, allows the core to be more slender
and more efficient within the floor plate, and
minimizes total material usage.

In recent days, there are increased terrorist
attacks throughout the world and especially
in Europe. Therefore, progressive collapse
scenarios have become a very critical issue in
tall building design. The outrigger and belt
wall systems are very effective for progressive
collapse calculations, helping the rest of
structural elements after the critical elements
are potentially lost due to blasting effects,

or similar effects to blasting, as they provide
a mechanism for large scale load transfer
through the building.

The outrigger and belt wall systems of the
residential tower are located in mechanical
floors to adopt architectural and mechanical
design. The first outrigger system is between
29 and L30 at +123.9 m and the second
one is between 49 and L50 at +207.3 m
(Figure 3).The top one is not full height of
the storey in order to provide a leasable
residential floor at the top of the tower. The
top outrigger system is designed for not only
lateral stiffness, but also has very critical role in
progressive collapse scenarios.

Wind Tunnel Test Studies and TsNIISK
(The V.A. Kucherenko Central Scientific
Research Institute for Building Structures)

Rowan Williams Davies & Irwin Inc. (RWDI)
was retained by Halvorson and Partners,

PC. to study the wind loading on the
proposed Residential and Office Tower of
the Renaissance Mixed-Use Development
on Plot 17-18 in Moscow, Russia. RWDI
provided both structural loads and a cladding
wind load study of these two towers in
October, 2014. A 1:400 scale model of the
proposed development was constructed
using the architectural drawings provided by
Renaissance Construction. The model was
instrumented with pressure taps and was
tested in the presence of all surroundings
within a full-scale radius of 460 m, in the
RWDI's 2.4 m x 2.0 m boundary layer wind
tunnel facility in Guelph, Ontario (Figure 4).
The HFFB procedure was used to compute
the global static wind loads acting on the
tower while the HFPI procedure was used

to compute the local wind pressure acting
on the cladding of the building. The taps are
located every five floors with 33 sensors for
each floor, so that the total number of sensors
is about 1,060 in the model.
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Figure 4. Wind tunnel study model (Source: RWDI)
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In order to predict the full-scale wind
pressures acting on the building as a
function of return period, the wind tunnel
data were combined with a statistical

model of the local wind climate. The wind
climate model was based on the local
surface wind measurements taken at
Mikhelson Observatory, Vnukovo Airport, and
Sheremetyevo Airport.

Figure 5 shows a comparison of the strength
and directionality of the extra-tropical

wind climates for Moscow. These plots are
illustrative only and are not to be used directly
for predictions of wind loads (Figure 5). The
two plots show the directionality of common
and extreme winds. It can be seen that for the
extreme events, the Mikhelson Observatory
shows the winds from the northwest and
southeast are the strongest.

The design wind speed for Moscow, as
specified in the Russian Wind Loading Code
(SNIP) is a 5-year return period, 10 minute
mean reference wind pressure of 0.23 kPa
(19.4 m/s) at a height of 10 m in an open
terrain. This is multiplied by a factor of 1.5, on
pressure, as required for Moscow (Standards
of Building Construction in Moscow 4.04-94)
to obtain a 50-year return period, 10-minute
mean wind speed of 23.8m/s. This wind speed
is also shown in Figure 5, along with the
estimated 1- and 5-year return period wind
speeds. For the wind loading predictions in
this study, the wind climate model was scaled
to match the code wind speed at the 50-year
return period.

The V.A. Kucherenko Central Scientific
Research Institute for Building Structures,
also referred to as “TSNIISK,"is the main
organization of Russian construction science.
All large-scale construction projects in

Russia require TSNIISK's recommendations
and consulting. They have adopted RWDI
wind tunnel test studies to Russian norms
according to the requirements of SP
20.13330.2011. After their studies, TSNIISK has
decided the worst case of wind loading with
a = 250° angle for the office tower and a = 10°
angle for the residential tower (Figure 6).

The structural design of all high rise
buildings located in Moscow City has to be
completed with TSNIISK recommendations
of wind tunnel test studies. Applying the
TSNIISK recommendations is also one of the
main steps of design approval by Russian
authorities. The expertise of tall buildings from
Russian Government, always requests to see
that all recommendations of TSNIISK have
been applied on the wind load design of the
structure. As a result, TSNIISK is the first step
in tall building design in a non-seismic active

Figure 5. Directional distribution of local wind speeds (Source: RWDI)
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Figure 6. Wind loading case on the plan view (Source: TsNIISK)
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zone or a wind load dominant region such as
“Moscow City” of Russian Federation.

The Structural Design Stages of Residential
Tower with Consulting of “Halvorson and
Partners”

Halvorson and Partners has completed the
schematic design and structural optimizations
in further stages of the project. Several
options such as outrigger and belt walls,
beam/column frame with wing walls,
perimeter beam/column frame with lighter
outriggers and wing walls systems were
studied when deciding on the main structural
system of the towers. After all of the studies
were reviewed, the outrigger and belt wall
option was decided to offer minimal cost,
more constructability, higher speed of
construction and more leasable area — a key
architectural demand.

Analysis and calculations of the main lateral
structural system have been done in ETABS
structural analysis software by Halvorson
and Partners. Russian structural norms have
been used for loads, foundation design,
reinforced concrete design, structural steel
design and fire resistance while consulting
with American building codes. The Special
Technical Conditions document prepared by
“TsNIISK" for the Plot 17-18 project was also
considered in all steps of the structural design
and limitations.

For the foundation system of the residential
tower, the piles and raft foundation were
proposed by Halvorson and Partners for
sharing of load between the piles and the
rock substrata. The diameter of the piles is
1500 mm with 18 m length; 135 piles were
applied in the 2 000 sg. m raft foundation of
the77-story residential tower.

The residential tower consists of four
architectural zones: low-rise zone up to L29,
mid-rise zone up to 149, high-rise up to

L66 and top-rise zone up to the roof of the
building. The large part of lateral stiffness

is gained by vertical elements in the low-

rise zone and the rest of lateral stiffness is
provided by vertical elements in the mid-rise
zone of the building. The structural design
scheme uses smaller vertical elements in

the high-rise and the top-rise zones of the
building to provide less mass, reducing peak
accelerations. Total peak accelerations are the
main limitations in the lateral structural design
because the slenderness ratio of the core is
about 336/20 = 33.6:1, which is extremely
slender. RWDI has provided peak acceleration
limits according to ISO criteria, and TsNIISK has
confirmed acceleration limitations based on
SP 20.133330.2011.

The low-rise zone is the most important part
of the structural system in lateral stiffness and
peak acceleration limitations. By considering
this issue, the vertical elements are heavier
than the structural elements of the upper
zones (Figure 7).

Figure 7. The layout of vertical elements in low-rise and top-rise zones (Source: Renaissance Construction)
B7. REXATEXEEEM N (FJR: Renaissance Construction)
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Figure 8. 3d view of vertical elements from ETABS
analysis model of residential tower (Source: Renaissance
Construction)

E8. EEREETABSHHTIRALEHEMSDIE

(38 Renaissance Construction)

The thickness of the core wall of the
residential tower starts with 1100 mm from
the foundation to the ground level of the
building. Above the zero level, the core walls
of the residential tower are 750 mm thick

up to the 1st outrigger level - .30, 600 mm
thick up to the 2nd outrigger level - L50
and 400 mm thick up to the roof level of the
structure. The dimensions of the perimeter
columns of the residential tower are 800 mm
X 3900 mm in the low-rise up to L29 and 600
mm x 3000 mm in the mid-rise up to L49.
The dimensions decrease down to 400 mm
x 900 mm in the top-rise to provide more
leasable area in the upper floors.

The outrigger and belt wall systems are
located at Level 30 (+123.9 m) and Level
50 (+207.3 m) (Figure 8). The top outrigger
and belt walls are designed for progressive
collapse scenarios rather than lateral
stiffness of the structure. The effectiveness
of outrigger and belt walls systems can be
seen in the displacement diagram of story
diaphragms (Figure 9).

Structural Design Adaption to Russian
Authorities and Progressive Collapse
Provisions

For tall building design in Moscow City,

all foundation and substructure design is
completed and approved by one of Russia’s
government organizations — “NIIOSP'The
Gersevanov Research Institute of Bases and
Underground Structures (NIIOSP) is a world-
wide known Institute specializing in the field
of foundations and substructures, which is
dealing with the entire range of geotechnical
matters inclusive of surveying activities,
scientific research, design and construction
of foundations and substructures for
buildings of various functions without
limitation to the severe soil environment
and climate-relevant conditions. NIIOSP has
completed all pile calculations, foundation
settlements and slurry wall interaction with
the structure in PLAXIS analysis software
(Figure 10). NIIOSP has also provided all
documentation to Renaissance Construction
during the expertise submission of Russian
government authorities.
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Figure 9. The displacement diagram of story diaphragms in wind loading (Source: Renaissance Construction)
9. Xl s % ~EE (FF: Renaissance Construction)

Figure 10. Soil Stress Diagram with interaction of slurry wall and structure (Source: NIIOSP)
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All vertical elements of the tower have 240
minutes'fire resistance (REI240) in accordance
with the fire concept document provided

by OPB (Russian Fire Consultant). OPB

has prepared the technical specification

for the fire resistance of all structural and
non-structural elements for application in
design and construction. These technical
specifications are also based on SP and GOST
Russian building codes. Also, all controllers in
construction site request mesh reinforcement
in concrete cover to provide REI240 fire
resistance in the vertical elements of

the towers.

After finishing the three-dimensional model
in ETABS in consultation with Halvorson and
Partners, the structures were modeled in
another analysis software that has verification
and certification in Russian Federation.

The first structural analysis model was
completed in Ing(+) MicroFE software by the
structural design department of Renaissance
Construction in Saint Petersburg, Russia. This
model includes two towers and the podium
structure together with piles in one model
(Figure 11). Ing (+) modelling also calculates
the peak accelerations according to Russian
norms automatically by considering the
dynamic pulsation part of wind loads.

The calculations of progressive collapse

can also be completed by this software
automatically based on the Special Technical
Conditions document prepared by “TsNIISK”
for the Plot 17-18 project. The scenarios of
progressive collapse include removal of one
perimeter column, some part of the core
wall and 100 sq.m slab area with loss of one
tendon in the post-tensioned slab. After
removing structural elements, all design
loads were taken into account without any
load factoring coefficients, and the resistance
of structural materials such as concrete and
reinforcement are taken as tensile strength
for reinforcement and characteristic strength
of the concrete in the ultimate design of the
structure. The detailing of reinforcement is
also prepared by considering progressive
provisions for construction drawings. As

an example of reinforcement detailing, the
main bottom reinforcement of the beams is

provided continuously between the perimeter

columns to keep the beam above the
removed column safe. The outrigger and belt

wall systems are very effective to keep the rest

of the structural elements safe after removing
elements in progressive collapse scenarios
(Figure 12). All structural studies must be
approved by a Russian consultant for the

Moscow City region. Dr. Travush is well-known

in dealing with tall building design in Russia.
Dr.Travush and his team have completed
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Figure 11.The three dimensional model in Ing(+) MicroFE
software (Source: Renaissance Construction)
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Figure 12. Progressive Collapse Case Study (Source: Halvorson and Partners)
B2, EEIHBEGR (R Halvorson and Partners)
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all structural analysis in SCAD and prepared
a double check report to fit the results of
the model prepared in Ing(+) software by
Renaissance Construction.

Conclusion

This study demonstrates that the use of

the outrigger and belt wall system for tall
buildings in a non-seismic zone or a wind
load dominant region increases the stiffness
and makes the structural form efficient under
lateral loads. For the three dimensional 77—
story model, 70% maximum displacement
reduction can be achieved by providing the
first outrigger at the 29th level and the second
outrigger at the 49th level of the structure. On
the other hand, the concrete pouring cycle is
normally 5 days for one typical floor but the
construction process is slowing down for 60
days because of the floors including outrigger
and belt walls in Plot 17-18 project.

In addition to providing lateral stiffness, the
outrigger and belt walls provide an alternate
load path for the main structural elements in
progressive collapse scenarios. The belt walls
are especially effective as they are able to
support exterior columns if one is removed in
a progressive collapse scenario.

There are many steps related to the Russian
authorization for tall building design in
Moscow City, Russia. For foundation and
substructure design, all design stages and
calculations are provided and controlled by
NIIOSP. The results of the wind tunnel test
cannot be used in design directly because all
output of the test should be evaluated and
confirmed by TsNIISK. They also prepare the
document of the special technical conditions
for all tall buildings in Russia. And the approval
of full structural design of tall buildings in
Moscow City by the expertise of Russian
Government can only be possible with a well-
known Russian consultant such as Dr. Travush
for the Plot 17-18 project.

FEREE A5K, 1817-18SHIRINE KM
TRz T B e HETINTEATEE ML
KA 760K,
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TsNISKIFEFIRAIA, MURNHIRMERT
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