








SEISMIC SPLENDOUR

THE SALES FORCE TOWER
SETTING NEW STANDARDS IN
SAN FRANCISCO

INTRODUCTION

With the number of tall buildings in the United
States and around the world increasing to an awe-
inspiring race for height; they pose challenges
to innovative structural engineering design,
enhanced performance objectives, analyses,
construction  materials, and construction
techniques. The structural innovations required
to create this objective are expected to be
scrutinized to provide requisite dynamic behavior
and performances during extreme events,
such as strong winds and shaking caused by
earthquakes that originate from near and far
seismic sources.

Standing at 326 meters height, Salesforce Tower,
is one such 61 storey super-tall building that
advances the state-of-the-art of high-rise seismic
design through the implementation of a number
of frst-ever design and analysis methods that
push limits and set new industry benchmarks.
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GEOMETRY AND SHAPE

The Salesforce Tower shows a unique obelisk
design that becomes narrower toward its
elevated height. The building design achieves
both functional and aesthetic benefts and
improves its seismic performance. The tapered
design minimizes wind loads acting on the
structure and reduces lateral forces on the
building by limiting the wind-exposed surface
area as elevation height increases. The building’s
stability increases through this geometric design
because the lowered centre of gravity helps
reduce overturning moments during seismic
events.

The curved and tapering design of the building
enables the smooth distribution of seismic forces
throughout its entire structure. The sculptural
crown on the building’s top serves to reduce
upper-level mass while improving dynamic
response thus decreasing seismic forces during
earthquakes.

STRUCTURAL DESIGN AND SEISMIC RESILIENCE

Given the scale of Salesforce Tower, the calculated number of building occupants will far exceed
the building code threshold of 5,000 people, triggering the building’s consideration under Occupancy
[or Risk] Category Il (buildings requiring additional safety for wind and seismic demands), thus
prompting new challenges for the engineering team.

A rigorous Performance-Based Seismic Design (PBSD) approach was implemented to allow for,
quantify, and control desired building performance at an enhanced level compared to other commercial
offce buildings.

The project’s structural engineer, Magnusson Klemencic Associates (MKA), brought to the project
decades of leadership in seismic design in San Francisco. After assessing the more stringent Category
Il code-defned performance objective, and evaluating that intent and application relative to PBSD
methodology, the design team targeted a reduction to 6% (from 10%) of the probability of collapse
under a Maximum Considered Earthquake (MCE) ground shaking, consistent with ASCE 7 related to
Occupancy Category Il buildings.

The structural design of Salesforce Tower includes more stringent acceptance criteria for MCE shaking

as explicit performance objectives, including the following:

e Reduced story drift

e Reduced coupling beam rotations

 Reduced tensile/compressive strains in shear walls

+ Reduced shear demands on shear walls

 Risk Category Il acceptance criterion was typically modifed to be more stringent by applying a
factor of 0.8

The structural system features a gravity load-resisting system with structural steel columns and
foor framing supporting steel composite deck. The building’s seismic force-resisting system
comprises special reinforced concrete shear walls, 600 to 1200 millimetres thick, at the central
elevator and stair core.
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Although wind-loading conditions for the building are not trivial, wind tunnel testing confrmed that

demand levels fell below seismic demands, and that occupant comfort standards would be met as

judged against international standards. Hence, the lateral design of Salesforce Tower was driven by

seismic loading conditions for three levels of ground shaking:

e Elastic performance targeted for service-level shaking (with a mean recurrence interval of 43 years)

e Moderate structural damage expected for design-level shaking (taken as two-thirds of code-
defned MCE shaking)

e Collapse prevention, with a reduced probability of collapse consistent with Occupancy Category
1, targeted for MCE shaking

The nonlinear time-history analyses used to confrm the structural response to MCE shaking employed

two suites of 11 pairs of acceleration history. Two suites of ground motions were developed considering

a Conditional Mean Spectra approach, targeting the frst and second modes of vibration of the tower.

This approach was deemed to more rigorously and appropriately test the building’s design. The results

of these 22 earthquake simulations
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FOUNDATION

The Salesforce Tower site is underlain with a complex soil stratum including fll, sand, San Francisco’s
“old bay clay,” and weak bedrock. These geotechnical conditions are subject to potential liquefaction,
lateral spreading, excessive settlement, and inadequate foundation support. Given the poor soils and
the sheer weight of Salesforce Tower, supporting the building on anything but bedrock was not feasible.
Gravity loading and overturning demands at the foundation level from MCE shaking dictated a piled-
mat solution.

Two foundation systems were considered during the design process. As the depth to rock from existing
grade was approximately 76 meters, and socketing into the rock would require drilling even deeper, the
limits of available drilling equipment would be tested for a drilled shaft foundation. The alternate LBE,
or “barrette” foundations, were not subject to the same depth limitations as the equipment used to
excavate the shafts was a combination of a line-supported clam shell and hydro fraise. Ultimately, the
LBE foundation system was selected as the most appropriate for the project.

An extensive analysis of the LBEs, considering extreme seismic demands, was performed. Reinforcing
detailing was incorporated to resist the high tensile, fexural, and shear stresses imposed on the LBEs
by MCE ground shaking. Confnement reinforcement was also specifed in the upper zones of the
LBEs where compressive demands were the highest. Two full-scale Osterberg Load Cells tests were
conducted to confrm that the design parameters for the skin friction on the LBEs were appropriate.
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The fnal foundation confguration for Salesforce Tower included 42 LBEs interconnected by a thick mat
foundation to enforce compatibility (Figure 6). The mat varies in thickness from 4.3 metres at the core to
1.5 metres at the perimeter. LBEs extend into the underlying Franciscan bedrock, some reaching more
than 91 metres feet below existing grade with rock-sockets of up to 21 metres.

ADVANCED SSSI ANALYSIS
The Structure-Soil-Structure Interaction (SSSI) analysis made on Salesforce Tower created a
groundbreaking evaluation of both the tower’s seismic safety traits and its building-to-building
connectivity. The analysis served as

a vital step to verify that the tower’s | egeuwsro
contact with neighbouring structures | ="
including the new Transbay Transit

Center would remain unaffected
during seismic occurrences. The
SSSI  analysis required extensive
development of nonlinear computer
models through CSI-Perform and
LS-DYNA software which processed
multiple seismic ground motions. The
comprehensive assessment through
this complex method verifed that TreTEpomS
Salesforce Tower and the Transbay
Transit Center operated satisfactorily.
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CONCLUSION

Among the many innovative elements that make up Salesforce Tower, perhaps the most impressive
is the new structural system created for the tower. The Structural Engineers designed a system that
eliminates the need to use the exterior columns for anything other than carrying the weight of the foors
to the foundation. The building uses a High-Performance Core in high-strength concrete and creates an
extremely strong structural spine. This eliminated the need for dense structure at the exterior window
line and allowed for the use of only three columns on each side of the building to create panoramic
views for occupants.
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DRAFT IS 1893-PART 4 ON
INDUSTRIAL STRUCTURES-A REVIEW
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INTRODUCTION

Industrial structures often have irregular mass
and stiffness distribution due to functional
requirements, making them highly vulnerable
to seismic forces. Failure or collapse of
such structures may lead to severe hazards,
endangering lives and may cause signifcant
fnancial losses. Earthquake-resistant design
is crucial to ensure life safety by preventing
catastrophic failures and protecting workers
and nearby communities. It also helps maintain
operational continuity by minimizing structural
damage and downtime, ensuring that critical
industrial processes remain functional after
an earthquake. Additionally, it safeguards
expensive equipment, infrastructure and
inventory, reducing economic losses.

In India, the earthquake-resistant design of
industrial structures is governed by IS 1893
(Part 4). The frst version of this code was
introduced in 2005, followed by revisions in
2015 and 2024. Recently, the Bureau of Indian
Standards (BIS) has circulated a draft code
titled “CED 39 (27624)WC - Third Revision of IS
1893 (Part 4)” in month of February (2025) for
comments.

This document shall be read in conjunction with
the draft document of IS 1893 (Part 4).

ALIGNMENT WITH GENERAL
PROVISIONS

A key focus of the draft revision is its alignment
with the anticipated 2025 versions of IS 1893
(Part 1) — General Provisions and IS 1893

(Part 5) — Buildings. This update aims to ensure
consistency across Indian seismic design
codes by integrating common defnitions,
earthquake hazard assessment methods, and
general design criteria. The draft document
frequently references IS 1893 (Part 1) & IS 1893
(Part 5). At certain places, the draft document is
also referring to IS 13920.

While preparing this article, the published
versions of IS 1893 (Part 1): 2025, IS 1893
(Part 5): 2025, IS 13920 (Part 1): 2025 and
IS 13920 (Part 5): 2025 were not available.
As a result, changes related to these
standards, along with potential practical
diffculties, are not covered in this
discussion. However, wherever possible,
references have been made to the draft
versions of IS 1893 (Part 1) and IS 1893
(Part 5) to provide relevant insights.

MAJOR CHANGES IN THE DRAFT
DOCUMENT

The major changes in the draft revision are
briefy summarized below. The categorization
of industrial structures has been updated
to align with IS 1893 (Part 1), ensuring
consistency across seismic design codes.
Importance factors have been adjusted
to refect revised earthquake hazard
considerations. The Response Reduction
Factor has been renamed as the Elastic
Force Reduction Factor, with updated values
for certain structural systems. Provisions for
primary and secondary system interaction
effects have been revised. The inclusion of
In-Structure Response Spectra (ISRS) for
design of secondary systems. Additionally,
Operational and Functional Components
(OFCs) have been defned along with their
design procedures. The draft also introduces
guidelines for estimating the natural period of
stack-like structures. Revised provisions for
chimneys and stacks are added.
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The above-mentioned changes, along with
several other updates in the document,
are outlined below. Additionally, potential
practical diffculties associated with these
changes are highlighted from the author’s

perspective.

REVISED CATEGORIZATION AND
IMPORTANCE FACTORS

The draft revision updates the categorization of
industrial structures to align with the upcoming
IS 1893 (Part 1) - 2025, leading to corresponding
adjustments in importance factors based on
the revised earthquake hazard assessment.
The draft classifes industrial structures into
four categories, with Category 1 representing
the most critical structures and Category 4
covering normal industrial buildings.

As the category number increases, the
relative importance of the structure
decreases. However, the draft code assigns
a uniform importance factor of 1.0 across
all categories, irrespective of their criticality.
This approach requires reconsideration, as it
effectively diminishes the signifcance of the
importance factor in seismic design.

QUICK SUMMARY FOR BASE

SHEAR CALCULATION (PARA NO. 6)

e Revised Seismic hazard map to be
considered as per IS 1893 (Part 1)

e Return period for strength design and
serviceability check will be mentioned in
IS 1893 (Part 1) for different categories of
industrial structures.

e Design earthquake zone factor to be
considered based on earthquake zone and
return period from IS 1893 (Part 1)

e Elastic force reduction factor to be read
from IS 1893 (Part 4)

< Importance factor to be considered from IS
1893 (Part 4)

e Site classes (A to E) for estimating
normalized PSA from IS 1893 (Part 1)

e Elastic Horizontal PSA & elastic vertical
PSA to be read from IS 1893 (Part 1)

e Multiplication coeffcient for damping to be
considered as per IS 1893 (Part 4)

RELEVANT DESIGN STANDARDS
As per para 5.1.1 of the draft document,
the design philosophy of the standard
emphasizes maintaining the structural integrity
of all industrial structures and components
by ensuring forces and deformations remain
within specifed limits. Additionally, critical
systems required post-earthquake, such as
electrical supply, communication towers, and
frefghting systems, must be designed to meet
the prescribed force and deformation limits in
relevant design standards.

In this para, reference is given to the relevant
design standards. The relevant design
standards may be mentioned here for more
clarity.

IN-STRUCTURE RESPONSE
SPECTRA (ISRS)

The response spectra generated from the
dynamic response of the structure at selected
locations in a structure. In-structure response
spectra are used for design of systems and
components supported within a structure.
As mentioned in para no. 5.1.3, equipment,
mechanical systems, and machinery supported
at various foor levels of an industrial structure
will experience different motions at their support
points. In such cases, obtaining In-Structure
Response Spectra (ISRS) may be necessary
for analysis and design of the equipment.
Containers and vessels storing hazardous or
toxic materials in the form of solids, liquids, or
gases shall be analyzed using the applicable
In-Structure Response Spectra (ISRS). For the
generation of ISRS, para 9.7 is referred.

In para no. 9.7, piping is also mentioned as
one of the secondary system for generation
of ISRS. It is necessary to clarify whether
piping should also be considered a secondary
system for the generation of In-Structure
Response Spectra (ISRS). For equipment,
also it may be clarifed that generation of
ISRS needed only for equipment storing
hazardous or toxic material.

As per para no. 9.7, there are two methods
defned for generation of ISRS, i.e. response
history method and direct spectra-to-spectra
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method. Generally, method of direct spectra-
to-spectra will be used in absence of availability
of multiple ground motion records for a local
region. As per parano. 9.7.2.2, obtained ISRS to
be broadened by at least +15%. Requirement of
frequency interval, smoothening & broadening
peaks for ISRS are mentioned in para no. 9.7.3
and 9.7.4 respectively.

The method outlined in the document can
only be effectively implemented using
software. To assist practicing engineers in
interpreting and validating software results,
the inclusion of worked-out practical
examples along with clearly defned criteria
would be benefcial.

CONSIDERATION OF OPERATIONAL
SCENARIOS AND MASS

IRREGULARITIES (PARA NO. 8.2.2)
Equipment supported on a structure can
have multiple operational scenarios such as
empty, partially full and full. These operational
scenarios may result in mass irregularities
that shall be duly accounted for. In case of
multiple equipment supported on a structure,
various possible combinations of operational
conditions shall be considered.

In industrial projects, three distinct conditions
are generally considered: empty, operating,
and testing. During the operating condition,
the full capacity is typically assumed,
while the partially full condition is often not
considered. However, partially full conditions
can lead to an increased number of load
combinations, variations in seismic mass,
and complexities in analysis. To address
this, the document could provide further
clarifcation by establishing specifc criteria or
mathematical limits defning when the partially
full condition can be reasonably ignored.

NONLINEAR RESPONSE HISTORY
ANALYSIS FOR CATEGORY

1 STRUCTURES

In parano. 8.2.5.1, itis mentioned that nonlinear
response history analysis to be carried out for
category 1 structures to verify the collapse
mechanism. It is suggested that the specialist
literature shall be referred.

Nonlinear response history analysis is highly
complex, involving numerous sensitive
parameters that can signifcantly infuence
the results. Given this complexity, it is crucial
to reference the appropriate specialist
literature to ensure accurate modeling and
interpretation. A well-curated list of relevant
literature should be provided in the document,
enabling engineers to refer to the correct
sources. This will not only aid in conducting
rigorous analyses but will also be invaluable
in the proof-checking process, ensuring
reliability and consistency in seismic design.

LOAD COMBINATIONS

As per para no. 8.3.1.1 (d), additional load
combination is added for shear design of
vertical members and for connections. In the
load combination, earthquake force will be
multiplied by the overstrength factor which is to
be referred from IS 1893 (Part 5). In the earlier
draft version of IS 1893 (Part 5), overstrength
factor was not mentioned. Hopefully, the same
will be mentioned in the published version of
the document.

With this new load combination, the
connection design for industrial structures
may be more critical as compared to the
present codes.

As per para no. 8.3.1.2 (c), for uplift check,
dead load is multiplied by factor of 0.7.

The same will result in more critical design for
the uplift check as compared to the present
code. Additionally, EEd is mentioned as
design earthquake forces to be considered
for strength design (para no. 8.3.1.1). For
check of bearing pressure demands on soil
and pile capacities, EEd should be based
on serviceability check. The same may
be mentioned or clarifed in the document
accordingly.

It is also mentioned in para no. 8.3.1.2 (c) that
increase in the net allowable bearing pressure
on soils and pile capacities are not permitted.
The same will result in higher demand for check
of bearing pressure on soil or for pile capacities.
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DAMPING RATIO

Table 4 provides damping ratios for different
materials, specifying 0.02 for steel and 0.05 for
concrete.

Since 2016, there has been ongoing debate
regarding the variation in damping ratios in
the current versions of IS 1893 (Part 1) and
IS 1893 (Part 4). As a result, the multiplying
factor for Sa/g exceeds 1.0 for industrial
steel structures, whereas for normal steel
buildings, it remains 1.0. This distinction
does not appear to be a rational approach,
as it creates inconsistencies in seismic
design considerations. It is anticipated that
the updated documents will provide further
clarifcation and standardization on this
issue.

In the frst part of Paragraph 9.4, a formula is
provided to calculate the multiplying factor for
determining the horizontal and vertical PSA for
industrial structures when the damping value
differs from 5%. In the second paragraph, the
multiplying factor values are also referenced
based on the time period. However, this
paragraph refers to Table 5 for these values,
while Table 5 actually pertains to the type of
structural analysis.

To avoid confusion, the correct table
reference should be provided in the updated
document. Also, it is essential to clarify how
the two values of the multiplying factor—
one derived from the formula and the
other based on the time period—should be
correlated. The document should provide
explicit guidance on whether these factors
are to be used independently, combined,
or applied under specifc conditions. Clear
instructions will help avoid ambiguity and
ensure consistent application in seismic
analysis for industrial structures.

As per Paragraph 9.4.1, for combined structures
composed of more than one material, the
damping ratio must be determined using well-
established procedures.

To avoid ambiguities in real projects and
to serve as a reliable reference for proof-
checking, the document should explicitly
detail these established procedures.
Providing a clear methodology will ensure
consistency in seismic analysis and design,
minimizing  discrepancies in  practical
applications.

MODELLING STIFFNESS
As per para no. 9.2, deformation of the structure
is to be checked using cracked section
properties as per IS 1893 (Part 5).

More clarity is needed on whether cracked
section properties should be considered
exclusively for deformation checks or
also for strength design. If they are only
required for deformation checks, a separate
analytical model would be necessary—
one for strength design and another for
deformation verifcation.

For industrial structures, using cracked
section properties for strength design
may not be appropriate, as it increases
the fexibility of the structure, leading to
a reduced time period and consequently
lower seismic forces. Unlike buildings,
where empirical formulas for natural periods
allow for the scaling of earthquake forces,
industrial structures lack such provisions.
Therefore, applying cracked section
properties for strength design in industrial
structures could lead to an underestimation
of seismic forces, potentially compromising
structural safety. More clarity on the same
may be included in the updated document.

SOIL STRUCTURE INTERACTION
(PARA NO. 9.5)

Soil-Structure Interaction (SSI) is not required
when a structure is founded on rock (Class A or
B as per IS 1893 (Part 1)). However, for all other
soil types, SSI must be considered, accounting
for two primary effects: the fexibility of the
underlying soil strata and the inertia forces of the
soil-foundation system. The methodology for
SSI analysis will be outlined in IS 1893 (Part 1).
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In the draft version of IS 1893 (Part 1),
the modulus of subgrade reaction (K) was
specifed to vary within a general range of
0.5K to 2.0K. Instead of defning a broad
range, it would be more practical to specify
discrete values, such as 0.5K, 1.0K, and
2.0K, to ensure consistency and ease of
application in seismic design.

The document mentions that specialist
literature may be referred to for Soil-
Structure  Interaction  (SSI)  analysis.
However, to eliminate ambiguities in the
selection of appropriate references, it would
be benefcial to explicitly list the relevant
literature within the document. This would
provide a standardized reference framework,
ensuring consistency in analysis and proof-
checking while preventing misinterpretation
or reliance on conficting sources.

The maximum reduction in base shear due to
soil-structure interaction (SSI) and pile-soil-
structure interaction (PSSI) shall not exceed
20 percent of the base shear obtained from a
fxed-base analysis.

To verify compliance with this limitation,
separate analyses must be conducted—
one with fxed-base support and another
incorporating SSI effects.

INTERACTION EFFECTS

BETWEEN PRIMARY AND
SECONDARY SYSTEM

If a coupled analysis does not increase the
response of key design parameters of the
primary system by more than 10% compared to
a decoupled analysis, then performing a coupled
analysis is not required (para no. 9.6.4.3).

The question arises that how to fnd out %
difference between key design parameters
without performing coupled analysis. Does it
mean that coupled analysis is required for all
structures or it might be possible to determine
this directly from Fig. 1 of the draft document
without performing a coupled analysis. To
avoid ambiguities, the updated document
may provide clear guidance on when a
coupled analysis is mandatory and whether

verifcation from Fig. 1 alone is suffcient.

To enhance clarity and facilitate practical
implementation, it would be benefcial
to include worked-out examples
demonstrating the interaction effects
between the primary and secondary systems
under different scenarios outlined in the
document. These examples would serve as
valuable references for engineers, ensuring
a better understanding of the requirements
and aiding in accurate application in real
projects.

INFILLED BRICK WALL

When masonry infll walls contribute to the
in-plane stiffness of a structure, two different
mathematical models are required for
analysis. The frst model includes the stiffness
contribution of infll walls and is used to
determine the natural period, drift, and base
shear of the structure. The second model
excludes the stiffness of infll walls and is used
for estimating forces in the structural members.
The base shear obtained from the second
model to be enhanced to match the base shear
value derived from the frst model.

As mentioned above, two separate models
need to be generated for inflled brick wall.

OPERATIONAL AND FUNCTION
COMPONENTS (OFCS)

OFCs are those components housed inside or
attached to the industrial structure which are
not part of the main load-resisting system and
that are required for the function and operation
of the industrial structure. As mentioned in para
no. 12.9, there are two approaches for design
of OFCs.

If the specifed requirements mentioned in Para
12.9.1 are met, the Operational and Functional
Components (OFCs) should be designed by
considering the Interaction Effects between
Primary and Secondary Systems as outlined in
Para 9.6, along with the In-Structure Response
Spectra (ISRS) as specifed in Para 9.7.

OFCs which do not fall under the cases specifed
in para 12.9.1 then the same may be designed
as per the procedure detailed out in IS 1893
(Part 1) for architectural elements and utilities.
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Including sample worked-out examples
for OFCs will aid in proper implementation
of requirements. These will help engineers
interpret provisions, validate software results,
and apply them appropriately in real projects.

CONCLUDING REMARKS

The third revision of IS 1893 (Part 4) introduces
signifcant changes that will have a profound
impact on the seismic design of industrial
structures in India. The proposed modifcations
align this part of the standard with the updated
versions of IS 1893 (Part 1) and IS 1893 (Part 5).
Key updates such as the revision of importance
factors, introduction of in-structure response
spectra (ISRS), detailed considerations for
operational and functional components
(OFCs), SSI effects, etc. bring the code in
line with evolving engineering knowledge and
global best practices. Additionally, the revised
provisions for soil-structure interaction (SSI)
and the interaction effects between primary and
secondary systems will signifcantly infuence
seismic response evaluations and design
methodologies.

While these changes enhance the robustness of
seismic design, their practical implementation
requires further clarity. Concepts like ISRS,
OFCs, and interaction effects between primary
and secondary systems, SSI are relatively new

to the Indian code framework, and their correct
application in real projects necessitates more
illustrative worked-out examples. Detailed
examples demonstrating these provisions, along
with validation of software results, would be
immensely benefcial for practicing engineers.
Without such practical guidance, there is a risk
of misinterpretation or improper application of
the new provisions, which could impact the
safety and reliability of industrial structures.

WAY FORWARD

Given the far-reaching implications of these
revisions, it is crucial for structural engineers,
consultants, and industry professionals
to actively review the draft document and
share their feedback with the Bureau of
Indian Standards (BIS) before the due date.
Constructive  inputs from  experienced
professionals will help refne the document,
ensuring that the proposed revisions are both
technically sound and practically feasible.

The ongoing revision of IS 1893 (Part 4)
represents a signifcant step forward in
strengthening  earthquake-resistant  design
for industrial structures. However, successful
adoption will depend on widespread industry
participation, practical interpretation of the
provisions, and continuous learning through
real project applications.
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TOKYO SKYTREE

A MODERN MARVEL IN THE
HEART OF TOKYO

INTRODUCTION

May 2012 saw the completion of the world’s
second tallest structure, the Tokyo Sky Tree
television transmitter and observation tower.
Standing at 634 meters, the tower is an
audacious technological feat, considering
this is at the heart of an earthquake zone.
There are observation facilities at heights
of 350 meters and 450 meters. Above
500 meters, there is a gain tower, which is
installation space for TV antennae. In addition
to the tower itself, offces and commercial
facilities, a planetarium, an art gallery are
included, covering a total area of 230,000
square meters. Designed by Nikken Sekkei
Ltd., Tokyo Sky Tree contributes to the
revitalization of eastern Tokyo. The engineers
ensured blending contemporary aesthetics
with traditional Japanese beauty alongside
becoming a catalyst for city renewal as well
as assisting in disaster preparedness
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THE INITIAL CHALLENGES

To provide the desired height-to-base ratio to ensure the
structure is intrinsically more stable, the Sky Tree needed
to be 181 meters wide at its base. However, the site did
not offer this sort of space and had the provision only for a
square structure 60 meters wide at its base. A circular shape
would be limited to the same 60 meters for its diameter at
ground level. The designers eventually proposed an extra
8 meters of support width out of the site by opting for a
triangular base 68 meters on a side. The tower’s cross-
section changes from triangular to circular form while it
ascends, therefore improving its structural integrity.

The designers also had to better understand conditions at
an altitude above 600 meters and to do that they foated a
weather balloon to gather extensive wind data - wind data
used to fathom the lateral wind forces that the building
would have to withstand. Meanwhile, the company
undertook a “micro-motion array observation” granting
insight in the minutest detail of the make-up of the earth to a depth of 3 km underground. This
level of detailing allowed much more accurate computer simulation of building sway in earthquake
conditions.

STRUCTURAL DESIGN & EARTHQUAKE RESILIENCE
TRIANGULAR TRUSS STRUCTURE

A distinctive design quality of the Tokyo Skytree involves its changing cross-section structure that
possesses fundamental characteristics for protecting against seismic events. The base section of the
tower consists of three equal-length sides, 68 meters each. The triangular base establishes a solid
base to direct seismic forces across a wide area. The principle of load distribution comes to play as the
triangular shape distributes forces across a wider area therefore lowering stress points. The structural
effciency of resisting torsional forces by circular cross-sections exceeds other cross-sectional shapes
according to the laws of geometric stiffness.

The Sky Tree’s structural design relies on extremely strong steel tubes which, at the tower’s base,
have a diameter of 2.3 meters and a thickness of
100 millimetres. These are arranged in an array
of triangular trusses that extends vertically and
diagonally and horizontally to form triangular
shapes. Engineers calculated the design
parameters to create this structure which
provides fexibility during tower movements
triggered by earthquakes and typhoons. The
structure incorporates high-strength steel
pipes which represent steel components that
demonstrate double the strength of typical steel
frame materials.

RESPONSE CONTROL SYSTEM WITH CORE COLUMN

This inherent strength is thought to stem from the fact that the central column acts as a counterweight
about which the rest of the building’s structure can vibrate. Nikken Sekkei brought the concept up
to date with centre column vibration control, with the core column and surrounding steel frame
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connected by a fexible oil damper. At the centre of the tower stands a 375-meter steel-reinforced
cylinder, fully 8 meters across and weighing 11,000 metric tons. The bottom third of this cylinder — up
to 125 meters — is fxed solidly to the surrounding structure. In its upper two-thirds, meanwhile, up
to its full height of 375 meters, it is not welded to the tower. The unattached portion of the core can
swing freely, its movement absorbed by oil dampers between it and the surrounding beams. When an
earthquake brings horizontal shaking, the core sways at a different frequency from that of the tower,
counteracting the shaking and bringing the structure back to a stable state. This construction can
reduce lateral motion by up to 50%. The bottommost part of the central pillar is supported by six
anti-seismic bearings that are 1.4 meters in diameter. This prevents the pillar from coming into direct
contact with the ground.

/— Oil damper

The Core Column

Movable Range plan

VH=375m

The Core Column -
Movable Range Section of The Core Column

Th=1252
T

Immovable Range

Oil damper

DAMPING SYSTEM

Additional resilience is achieved through an
“added mass control mechanism” (or tuned
mass damper) - a damping system which,
in the event of an earthquake, moves out of
step with the building’s structure, to keep the
centre of gravity as central as possible to the
tower’s base. The oil damper functions as a
protective element that stops the core column
from striking the tower body during shaking
movements. The design utilizes damping
principles to minimize mechanical vibrations
through its implementation.

The Tokyo Skytree uses an advanced damping system which improves its ability to resist seismic
events. The core column system employs the core shaft emergency staircase reinforced concrete
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tube wall as a weight to implement
Tuned Mass Dampers (TMD) theory.
The implemented system achieves
earthquake acceleration reduction
of 50% and wind acceleration
reduction of 30% through its
effective operation.
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The tower maintains two Tuned ppinitover
Mass Dampers (TMD) systems at
its peak to regulate wind response
and protect broadcasting reliability.
The upper TMD system carries \

25 tons of weight while the lower
TMD system weighs 40 tons. The
installed systems decrease the
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building’s velocity response to lographs provided by

both daily wind forces and seismic
movements. The TMDs function through dynamic vibration absorption by oscillating at opposite phases
to building motions to decrease vibration intensity.

FOUNDATION DETAILS AND GEOMETRY

This level of resilience is nothing without the proper foundation, and the Sky Tree’s foundation gives the
buildings its name. The Tokyo Skytree foundation has been engineered to deliver both high horizontal
stiffness and uplift force resistance. The Tokyo Skytree stands at the Sumida River banks where the
surface layer presents soft conditions. Beneath each of the tower’s three legs is a cluster of 50 meters
deep walled piles with steel-reinforced concrete nodes, which Nikken Sekkei compares to the root
system of a gigantic tree, “monolithically integrated” with the ground. The wall piles follow a petal
arrangement which connects the tower structure to the ground foundation. The foundation features the
Kanae Pile as Steel Reinforced Concrete continuous underground wall pile that uses rigid soil substrate
weight to counteract massive uplift forces. The stability of the Kanae Pile was confrmed through an
extensive on-site pull-out test which achieved 40,000 kN of maximum load. The foundation design
implements soil-structure interaction principles to achieve load resistance through combined soil and
structure operation.

The foundation system of the oy ‘/”“‘ 'f“"““ His
Tokyo Skytree was specifcally 1/:5' -_‘\7 7
designed to handle  the WA
distinctive problems created by ‘\‘; w-‘,’ The Podium Pile

the tower’s elevated position
and great height. The foundation
system needed to address the
soft surface layer of the ground
through a system that would
deliver strong horizontal rigidity
and resistance to uplift forces.
The continuous underground wall piles received selection because they could connect both the tower
and the ground to form a stable foundation.

The Podium Pile demonstrates horizontal rigidity which minimizes foundation displacement
when strong winds or large earthquakes occur. The construction method allowed the continuous
underground wall piles to be built through consecutive pile hole excavation while maintaining
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ground stability with stable liquid. The principle of soil stabilization enables this method to prevent
excavation wall collapse using stable liquid.

The foundation of the tower experiences powerful uplift together with compression forces which
result from winds and earthquakes and additional factors. The engineers developed “knuckle walls”
which are wall-shaped piles featuring nodular protuberances. The nodules provide strong anchorage
that enables piles to withstand greater loads in the ground. The rigid shape of knuckle walls enables
them to resist horizontal seismic forces effectively. The foundations of ultra-tall buildings like Tokyo Sky
Tree receive their strength from the robust knuckle walls.

The CWS joint served as a shearing force transmission system which effciently linked foundation
wall panels together. The foundation’s stability increases through shear transfer design which
enables joints to transmit forces
between neighbouring panels. | Knuckle Walls

The Kanae Piles foundation
walls received their construction
Wind force

from reinforced concrete that
included steel frames and bars

embedded within. Concrete ‘\\ Inc[‘eaSEd
pump  vehicles distributed . resistance by
., virtue of nodule

concrete through temporary
stages to create concrete

. . Uplit fo
structures using tremie pipes at | M nodule "kiuckle”) substantially SRCEL LS Cgmpr::;ue
increases reslstance to cnmprewl.re lorce
each panel. forces,
CONCLUSION

The architectural style of Tokyo Sky Tree is modern and futuristic, with a design inspired by traditional
Japanese structures such as pagodas and the ‘sorakazari’ decorative element used in Japanese
shrines and temples. The tower’s sleek, tapering form and steel lattice structure are also reminiscent of
Tokyo’s industrial past. With a strong blend of fne architecture and robust engineering, this continues
to be one of the timeless seismic splendours of the world.
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About The Panel Discussion

In the aftermath of the devastating Twin Nepal earthquakes on April 25 and May 12, 2025, the widespread destruction
of educational and healthcare facilities posed a critical challenge to the nation's recovery and future resilience.
Recognizing the urgent need for safe and sustainable reconstruction, the CSIR-Central Building Research Institute
(CBRI), Roorkee, under the aegis of Ministry of External Affairs, Govt. of India, New Delhi spearheaded a comprehensive
initiative to support Nepal’s efforts in rebuilding Education and Health Sectors with enhanced seismic safety standards.
To commemorate 1st decade of the 2015 Nepal Earthquake, CSIR-CBRI is organizing a panel discussion. This panel
discussion brings together experts, policymakers, engineers, and field practitioners to reflect on CBRI’s decade-long
initiative in rebuilding schools and hospitals in Nepal with a focus on seismic safety, sustainability, and community
resilience.

The session will explore the entire spectrum of recovery—beginning with rapid damage assessment,

followed by resilient design approaches, capacity building, and implementation of reconstruction Scan QR
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projects under challenging conditions. Panelists will also discuss the challenges encountered in cross-
border collaboration, innovations in seismic design for public infrastructure, and long-term lessons
learned that can inform future disaster recovery efforts in South Asia and beyond.

As the region marks a decade since the disaster, this session aims to reflect not only on the technical
milestones achieved but also on the human and institutional capacities strengthened through
collaborative reconstruction.

Registration Link: https://forms.gle/xx066L3Dig8gc4Rj9

Registration is free, but prior registration is mandatory.
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