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Increasing Problems of Falling Ice and Snow
on Modern Tall Buildings

Michael Carter

Roman Stangl

Reported incidents of hazardous ice and snow falling from buildings are on
the rise, specifically for recently completed tall buildings. High performance
façades have improved internal thermal performance, but increased the
conditions for forming ice on metal and glass skins. This paper sheds light on
the issues, describing the factors that contribute to icing and hazardous ice
and snow formation, and provides methods to address these issues within the
design process.
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Background
Troublesome ice and snow formations on
buildings are in no way a new phenomenon.
Building designers and owners have long
struggled with the various aspects of winter
precipitation. This has led to the development
of standards and codes to address such topics
as wind loads and snow loads during building
design. However, the aspect of falling, sliding
or windblown ice and snow from a building is
a topic that has not been widely
acknowledged, and consequently has
generated little in the way of standards,
guidelines or prescriptive building code
requirements to assist designers. In addressing
concerns, designers have largely relied on
past experience or trial and error methods for
reducing potential risks. The learning process
industry-wide has been slow or non-existent
due to the reluctant nature of various parties
to discuss errors or incidents, for fear of
litigation. Open discussion of the issues will
accelerate the learning process around the
emerging problems created by advancing
façade performance and tall building design.

Modern Towers, New Issues
The façades of some recently completed high
performance buildings are actively promoting
hazardous ice and snow formations under
typical winter conditions, rather than unusual,
severe or infrequent weather conditions. This
realization is unnerving, as modern high
performance buildings often show only
modest or questionable reductions in energy
usage, at times falling short of their prediction
models. Furthermore, building codes and

standards have shown a trend towards
increasing the performance of roof, wall, and
glass assemblies, as evidenced by comparing
ASHRAE Standard 90.1 between the 2004 and
2010 versions (see Table 1). Further
exacerbating the issue of ice and snow
formations on façades is the addition of
various exterior elements intended to control
solar gain, which ultimately serve as cold
collection surfaces. As a result, reports of
falling ice and snow incidents from high
performance buildings over the last ten years
have shown an increase in the frequency and
severity of hazardous ice and snow formation.
Although formal records of falling ice and
snow incident reports do not yet exist, this
trend has been identiﬁed through a record of
media accounts and project experience. New
reports in the last two years have detailed
dozens of falling, sliding or windblown ice and
snow incidents in North America alone,
including such buildings as the Duke Energy
Building in Charlotte and the New York Times
Building in New York.
Many of the events investigated by the
authors have not been found to be caused by
a single inﬂuencing factor, but rather by a list
of factors that tend to have a cumulative
eﬀect. True, there are situations where a single
design feature, such as a window sill/mullion
conﬁguration or a solar shade device, has had
a signiﬁcant impact on the formation of
hazardous ice and snow. However, over the
course of numerous building investigations,
which includes multiple cold room laboratory
tests conducted in collaboration with the U.S.
Army Cold Regions Research and Engineering
Laboratory (CRREL), this is found to be the
exception rather than the rule when it comes
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A Proposal to Create an Energy-Producing
Megatall for Kunming, China
China’s fast-growing urban population and need for sustainable energy
sources require alternative development ideas. The Krafthaus, which
combines an energy-producing solar tower with an environmentallyresponsive, 215-story building, is one idea under consideration to address the
issues facing China’s cities. The building has installed power capacity about 30
MW of electricity. With only a portion used by the building, the bulk of the
energy would be fed into the local grid.

Author
Thomas Kraubitz, Senior Consultant
Happold Ingenieurbüro GmbH (Buro Happold)
Pfalzburger Str. 43-44
10717 Berlin
Germany
t: +49 30 860 906 3146
f: +49 30 860 906 66
e: thomas.kraubitz@burohappold.com
www.burohappold.com

Thomas Kraubitz
Thomas has been working in the field of sustainable
planning and design for over ten years and has
developed a holistic view of buildings and the urban
context. He has worked in different climatic zones in
consulting, project management, urban planning,
urban design and architecture for Stefan Behnisch,
Ken Yeang, and Rem Koolhaas, amongst others. As
a Fulbright Scholar he was a Teaching and Research
Assistant at Harvard University from 2007–2009.
Since 2012 he is also a studio critic at the Technical
University Berlin.

55 CTBUH on the Road
CTBUH events around the
world

A conventional solar
“updraft
power station
consumes several
hundred hectares of
land, if it is designed to
generate as much
electricity produced by
modern power stations
using conventional
technology…

55 Diary
Upcoming tall building events
56 Reviews
Review of new books in the
CTBUH Library

30 | Energy

48

2004

2010

Insulation Min. R-Value

Insulation Min. R-Value

Roof (Insulation entirely above deck)

R-15

Wall above grade (mass)

Fenestration

R-5.7

% Change

R-20

33%

R-9.5

67%

R-13

R-13 +R-7.5 Cont.

58%

Assembly Max. U

Assembly Max. U

U-0.57

U-0.50

Vertical glazing 0%–40% of wall

14%

Table 1. Building Envelope Requirements – ASHRAE Standard 90.1 2004 – 2010 Comparison (Table 5.5-4, Building
Envelope Requirements for Climate Zone 4 - Non-Residential) © ASHRAE

to newly completed high performance
buildings.
In the simplest of explanations, the currently
achieved reductions in heat loss from many
buildings’ interiors are promoting an increase
in potentially dangerous ice and snow
formations. As insulation values, glass
technology, and building systems progress in
the future to conserve energy, the
corresponding further reductions in heat loss
through the façade will only increase the
probability of hazardous ice and snow
formation and release, creating signiﬁcant
challenges for building designers, owners and
operators, with further impacts to public
safety. Consequently, investigation and
research into the causes of these issues is
needed and is ongoing. However, at this time
empirical data and/or detailed case studies
have not been developed due to the
reluctance of building owners and designers
to discuss their challenges openly.
The following case examples are based on
interviews with building owners and

Figure 1. Example of snow and ice freezing on vision
glass panel. © NMI

operators of recently completed buildings,
combined with reviews of incident and cold
room test reports. The cases reveal interesting
data that initially seemed counter intuitive,
but can be explained when the individual
design details are investigated.

Case Example 1
Building Type: Tall, High Performance
Location: Northeastern United States
In this example (see Figure 1), observations of
ice sheets were reported to form in the center
of vertical vision glass of a recently completed
building, and would subsequently release and
fall to the busy street below. This report was
taken with some skepticism as heat loss
characteristics of a traditional window and
frame relationship call for the exterior skin
temperature of the center of the window to
be the warmest location, since it is the
furthest from the inﬂuence of the frame that
would typically have the advantage of
insulation or a thermally broken proﬁle.
However, in this particular case the large
insulated glass panels oﬀered an improved
thermal performance over traditional glass
and there was no spandrel panel, only a
minimalistic metal frame. Thus, the glass
panels were the main resistive component of
the assembly, promoting ice to form directly
in the center (the coldest location) of vertical
vision glass panels. The key point to this
example is the fact that the proﬁle of the
assembly is producing skin temperatures that
align with exterior temperatures during more
typical winter precipitation events, thereby
promoting an increase in frequency and
severity of icing over more traditional wall
assemblies. To be clear, the relationship
between glass and frame is not the sole
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Case Example 2
Building Type: Tall, High Performance
Location: Midwest United States
The second example (see Figure 2) also deals
with the relationship between glass and
frame. However in this case the focus is on ice
and snow formations that accumulate on
window sills or mullion caps at the base of
vision panels. In this example, signiﬁcant ice
formations were consistently forming at the
edge of mullion caps and falling. Historically,
sills or mullion caps of a relatively small
dimension were not prone to hazardous ice
formations, as heat loss through the curtain
wall system would create suﬃcient melting to
avoid signiﬁcant ice formations. However,

“

High performance
façades have improved
internal thermal
performance, but
increased the
conditions for forming
ice on metal and glass
skins…

”
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The Concept
Current energy provision systems in China are
heavily based on exhaustible fuels such as
coal, hydrocarbons, and uranium. To fulﬁll
China’s commitment to reduce carbon
dioxide emissions per unit of GDP by 40 to
50% by 2020, new systems to reduce the
inﬂuence on the environment must be
considered. Cities are turning to tall buildings
to address the need for space in urban
settings, where little new land is available, but
skyscrapers are typically big energy
consumers. They also tend to be ineﬃcient,
due to the space needed for vertical
circulation. The higher the building, the more
lifts and vertical infrastructure needed, limiting
the amount of usable ﬂoor space.

lifts and infrastructure to be placed inside the
concrete tube. On each ﬂoor there is a
horizontal installment area for building
services and technical equipment 150 meters
long which allows an open space and a very
ﬂexible ﬂoor plan.as well as easy access for
maintenance or replacement without taking
up valuable rentable space.
The Krafthaus form of generating energy is
simple, reliable, accessible, and based on

renewable materials. The principle of the
system was ﬁrst described by Isidoro
Cabanyes in 1903 and was revisited in the late
1970s by Michael Simon and Joerg Schlaich.
They successfully demonstrated the concept
in 1982 in a small testing installation in
Manzanares, Spain. Combining the system
with a tall building is, however, a new
approach.
In order to realize the potential of the
Krafthaus linked with a tall building, it is
essential to ﬁrst study a commercial solar
updraft tower in operation to gain technical
and ﬁnancial input for the project. The solar
tower testing facility in Manzanares provided
valuable information; however it was limited
by its height of only 195 meters and
maximum power output of 50 kW. The
research operation was too small to collect
data on commercial energy production. With
a larger chimney height the pressure
diﬀerences increase the stack eﬀect and a
higher power output is possible.
In 2010, a solar chimney plant started
operation in Jinshawan, Wuhai City, Inner
Mongolia, China. The 200-kilowatt power
generating unit can supply 400,000 kWh of
electricity per year, saving the equivalent of
100 tons of coal and 900 tons of water,

compared with thermal power generation.
The RMB 1.38 billion (US$208 million) project
calls for a full facility covering 277 hectares to
produce a comparable output of 27.5 MW by
2013. But only data from prolonged operation
will allow for a judgement on the performance of the power plant and its potential as
real estate property. So far only limited
information on its existence and operation is
available and still has to be veriﬁed.

Finding the Ideal Location
A conventional solar updraft power station
consumes several hundred hectares of land, if
it is designed to generate as much electricity
produced by modern power stations using
conventional technology, such as fossil fuels
or nuclear energy. Until recently, most
discussions of Krafthaus have focused on hot
areas where large amounts of very low-value
land is available, such as deserts. But the
limited number of consumers and high
infrastructure and transport costs in those
periods have made it economically
impractical.
One of the most important aspects for
planning and running a solar power plant is
global radiation. At ﬁrst it may seem that areas

The Krafthaus can simultaneously address
China’s need for more space and clean energy
(see Figure 1). The concept combines a
750-meter-tall solar updraft tower –sometimes called a “solar chimney” or simply a “solar
tower” – and a climate responsive tall building.
At the heart of the Krafthaus is a solar thermal
power plant utilizing a combination of a solar
air collector and the central updraft tube to
generate a solar induced convective ﬂow,
which drives pressure staged turbines to
produce electricity.

Jinshawan,
Wuhai

This solar facility is linked with a multiprogrammatic vertical tower reaching up 215
ﬂoors. The tower can oﬀer gardens, shopping,
leisure, entertainment, and cultural facilities, in
addition to oﬃces and apartments – a
complete vertical city. The 70-meter-wide
solar tube at the core of the Krafthaus allows

Kunming

Figure 1. The Krafthaus, Kunming. © Thomas Kraubitz
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with a high air temperature are most suitable
but radiation weakening components of the
atmosphere - such as clouds, aerosols and
water vapour need to be considered as well
for the right location for a solar updraft tower.
Only by evaluating Meteotest/Meteonorm
satellite data, which includes the solar
weakening components that reduce the W/
m² heat gain on surface, an informed decision
for the most eﬀective location be made. Very
important is also a high possible temperature
diﬀerence between day and night to allow a
steady operation of the updraft tower that
can safe heat during the day in water packs
and releases it at night.
In China, the Yunnan Province oﬀers many elements necessary for the solar updraft tower
with up to 220–240 W/m2 of Annual Average
Global Radiation. The site of the chimney
plant in Jinshawan, Wuhai City, has a value of
just 180–220 W/m2 and a much smaller
population (400,000 people), which means
higher infrastructure costs due to the distance
to consumers.
After overlaying solar radiation maps and the
study of population maps (see Figure 2), the
City of Kunming, Yunnan Province, was
identiﬁed as an ideal site for this concept and
preliminary discussions have taken place on
the concept with local planning authorities.
Solar radiation already plays a large role in
Kunming, with 60 to 70% of its warm water
provided by solar-thermal energy. The
population of Kunming prefecture stood at
6.4 million in 2010 and it is expected to grow
to become the largest metropolis of the
region. The strong economy of the Great
Kunming Area (GKA) largely depends on
tourism and agriculture, with limited space
due to its hills and mountains. The city, often
called “Spring City,” has also received attention
for its proximity to the emerging business
opportunities with Association of Southeast
Asian Nations (ASEAN) members, especially
Vietnam. The speciﬁc climatic conditions
allow several harvests a year and its
picturesque setting makes it a national and
international tourist destination. At the same
time the most suitable areas for development
are the prime farmlands on the lakeshore –
oﬀering valuable views for new housing

Figure 2. Kunming annual average global radiation overlay. © Schlaich Bergermann Solar
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CTBUH Report: CTBUH 9th World Congress Shanghai

World Congress Draws Global Industry
Leaders to Address Key Issues

Skyscrapers We
“purposely
brought

The CTBUH 9th World Congress closed to rave reviews, after three days of in-depth presentations, lively panel
discussions and networking events.
Report by Kevin Brass, CTBUH Public Affairs Manager

57 Comments
Feedback on past journal
issues

cause, but likely a tipping point for this
particular example. Other inﬂuencing factors
could include: the move to more eﬃcient
with under ﬂoor displacement ventilation
systems, the heat loss characteristics of the
whole façade as a system, and external factors
such as elevation, building geometry and
orientation to prevailing weather. Overall, this
example reveals that as improvements in
building performance are made, and exterior
skin temperatures are reduced or at a
minimum modiﬁed, there is opportunity for
hazardous ice and snow formations to occur
in diﬀerent manners and amounts.

Research: Energy

Thomas Kraubitz
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Opaque Elements

Steel-framed walls

Traditional dragon dance troupe performance at the opening ceremony. © CTBUH

When Shanghai Vice Mayor Shen Jun took the
stage to oﬃcially open the CTBUH 9th World
Congress, he quickly set the tone for the
issues that would dominate the next three
days of discussion and debate. “Land
resources are not renewable,” Mr. Jun said. “We
have no choice but to build high rises to save
land eﬃciently.” Tall buildings, he emphasized,
must serve as solutions to China’s longstanding urban issues of pollution and
over-crowding. “It is an urgent and critical task
to meet these challenges.”

Richard Tomasetti of Thornton Tomasetti, Vincent Tseof Parsons Brinckerhoff ; Rafael
Vinõly and Tony Long of CB Richard Ellis engaged in the panel discussion. © CTBUH

The ballroom of the Grand Hyatt Jin Mao was
packed to capacity for the opening ceremonies. The Congress sold out weeks before the
opening, with 850 registered delegates from
43 countries in attendance, including many of
the top developers, architects, engineers and
building owners from China and around the
world. “We purposely brought together a
wide range of expertise and viewpoints,
including the developers that are leading the
tall building boom in Asia,” said CTBUH
Executive Director Antony Wood.

Asia was the centerpiece of the event, which
was titled, “Asia Ascending: the Age of the
Sustainable Skyscraper City,” but discussions
inevitably focused on issues aﬀecting cities
and builders around the world. From the
outset, CTBUH Chairman Timothy Johnson, a
design partner at NBBJ, challenged the
audience. “Let’s ﬁnd new ways to make
buildings more sustainable,” he said. “Let’s be
innovative. Let’s ﬁnd ways to change the way
we think of tall buildings.”

CTBUH 2012 Student Competition winner Alexis De
Bosscher; Johannes de Jong, KONE; Chris Wilkinson,
Wilkinson Eyre. © CTBUH

Timothy Johnson issues research seed funding check
to winner Dr. Kristen Day, New York University with Li
Hongyu from sponsor AECOM. © CTBUH

Attendees openly exchanged ideas and their
experiences, providing a unique opportunity
to go behind the scenes at many of the
world’s biggest and most innovative projects.
“We hope by sharing our experience and
insight into the building system we would
make a contribution to sustainable supertall
buildings in the world,” said Qing Wei Kong,
Shanghai Tower Chairman, striking a chord
that would resonate throughout the event.

Shanghai Tower’s aspirations go far beyond its
height. The developers want to make it the
“most sustainable building in the world,” with
green areas and a design that makes it a
comfortable and eﬃcient part of Shanghai’s
changing landscape.
Sustainability and the need to create eﬃcient
and well-organized projects that integrate
and enhance the urban environment were

Working Groups
Shanghai provided an opportunity for the
CTBUH’s array of working groups to gather
and plot strategy for new and on-going
projects. The sessions which took place the
day before the congress – included a
roundtable meeting of CTBUH leaders,
which attracted more than 30 active
representatives from around the world. The
rousing discourse primarily focused on the
ﬂedgling city representative program and
the best ways to grow the Council’s
initiatives on a grass roots level.
Two of the working groups touted the
release of new technical guides – Outrigger

Design for High Rises Buildings released by
the CTBUH Outrigger Working Group, and
Natural Ventilation in High-Rise Office
Buildings, a product of the CTBUH
Sustainability Working Group (see
advertorial on page 51.) The other working
groups – Building Information Modeling;
Fire & Life Safety; Research, Academic &
Postgraduate; Seismic Design and Wind
Engineering – focused discussions on
developing research projects and the best
ways to share the latest information in their
respective ﬁelds.

together a wide range
of expertise and
viewpoints, including
the developers that are
leading the tall
building boom in
Asia.

”

consistent themes. Speakers focused on the
complexities of developing large projects,
from energy costs and project management
to the political inﬂuence on iconic projects.
“We need to work together to ﬁnd a balance
between iconic design and sustainability,” said
Mehdi Jalayerian, executive vice president of
Environmental Systems Design, during a
rousing panel discussion on the opportunities
and barriers to sustainability. “They clash at
some point.”
Delegates shared information and designs for
the latest projects, as well as the challenges
projects are facing around the world. Over
and over again, speakers emphasized that tall
buildings are still a young typology and the
industry is still wrestling with the issues of
creating eﬃcient projects that address the
needs of fast-growing cities.
“This is a huge challenge for us. It is still not a
mature business model in China,” said Zhaohui
Jia, general manager of the Greenland Group,
one of the largest developers of tall buildings
in China. “We are still trying to explore this
business model.”

(Left to right) Qing Wei Kong, Shanghai Tower; Timothy Johnson, CTBUH Chairman;
Shen Jun, Shanghai Vice Mayor; Antony Wood, CTBUH Executive Director; Guo Qing Li,
Tongji University. © CTBUH
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Attendees of the sold out Congress listen to the Day 2 plenary session presentations.
© CTBUH
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Attendees of the Global Leaders workshop. © CTBUH
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Tall buildings still play a unique role in cities, a
point brought home by the plenary session
featuring the owners/developers behind the
past, present and future world’s tallest
building.
CTBUH 9th World Congress Shanghai | 49

“

The challenges associated with the inherent
inconsistency of air flow may open a new way of
thinking about tall buildings as highly adaptive,
dynamic systems capable of responding to the
opportunities and challenges associated with
spatially and temporally fluctuating resources.

”

Menicovich et al., page 18.
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Assessing Potential Development in South
Korea’s Supertall Building Technology

Payam Bahrami

David Scott

This paper evolved from an initiative launched in 2010 to investigate the
status of fundamental technologies necessary for the construction of supertall
buildings in South Korea. A study led by the CTBUH assessed the potential
benefits of these technologies, compared the current level of expertise in
South Korea with other countries, and gauged the potential of developing
that expertise and its impact on the construction industry in South Korea. This
methodology can be used by other countries to predict technological
progress and areas to be developed.
Introduction: A Review of Tall Buildings in
South Korea

Eun-Ho Oh

Young-Ho Lee
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Payam Bahrami is responsible for developing
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the structural engineering team at Laing O’Rourke.
He has extensive tall building experience for the
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member of CTBUH Sustainable Working Group.

Three decades of extraordinary growth have
transformed South Korea from one of the
poorest agricultural economies to the 11th
largest economy and exporting country in the
world. This rapid development was driven by
very high rates of savings and investment and
a strong emphasis on education, which
boosted the number of young people
enrolled in universities to among the highest
levels in the world (Nationsonline 2012).
Construction also played an important role in
South Korea’s growth. The level of economic
growth has led to a sharp increase in the
number of tall buildings in South Korea. There
were only nine buildings 150 meters or taller
in 2000; by 2012 there are expected to be
approximately 135 buildings taller than 150
meters. Far from abating during the global
economic crisis, the pace of tall building
construction is increasing, spurred by

economic growth and business achievements
(see Figure 1). Two out of ten of the country’s
future tallest buildings are currently under
construction and five more are in the
proposed design phase.
These impressive statistics have brought
South Korea to the forefront of the tall
building industry, with only four countries
globally containing more completed 150 m+
buildings: China (782), USA (653), Japan (154)
and the UAE (131). Currently, South Korea has
more 150 m+ buildings under construction
than the United States, the United Kingdom,
Russia and Japan combined (see Figure 2).
South Korea’s increase in tall building
development has been steady compared with
other countries in the region. The pace of
construction has accelerated in recent years,
with roughly 50% of the total number of
buildings taller than 150 meters completed in
the past three years alone.

Eun Ho Oh is a research specialist at KICT focused
on the risk and vulnerability analysis in infrastructure network systems, construction policy and R&D
strategies, planning and asset management of
infrastructure network.
Young Ho Lee is a senior researcher at KICT
specializing in construction management,
construction policy and R&D strategies, planning and
asset management of infrastructure network.
Additional Contributors
Kyong-Ho Chin, researcher specialist, KICT
Giu Lee, senior researcher, KICT
Kyo-Sun Lee, senior research fellow, KICT
Melissa Angulo, research assistant, CTBUH
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Figure 1. Growth curve of tall buildings in South Korea,
Japan & UAE. © skyscrapercenter.com

Figure 2. Comparison of number of tall buildings higher
than 150 meters in South Korea, UAE, Japan and USA ©
skyscrapercenter.com
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Today, South Korea only has two completed
“supertall buildings” – the Northeast Asia Trade
Tower and Doosan Haeundae We’ve the
Zenith Tower A – following the CTBUH’s
definition of a “supertall” as a building higher
than 300 meters. However, more than 4
supertalls are presently under construction
and 26 have been proposed, either as a
project or a vision (Cho & Chung 2011).

Core Technologies in Supertall Building
The rapid increase in tall buildings has led to a
need to understand the technologies and
engineering developments used for projects
of this magnitude. The application of new
technologies in any country depends on
many aspects, from an understanding of the
technicalities of the new technology, to the
flexibility of the codes to allow new ideas, to
the willingness of a designer or builder to try
new approaches and accept the challenges
and risks that go along with it.
In 2010 the Korean government launched a
comprehensive research program on supertall
buildings to obtain the core technologies
needed for a comprehensive level of tall
building expertise within Korea.
As the program progressed, the Korea
Institute of Construction Technology (KICT)
commissioned the CTBUH to conduct a study
to compare the current level of expertise in
South Korea with other advanced countries
and determine its impact on the construction
industry of supertall buildings. The KICT
created a “technology tree” including four
basic research areas: core engineering
technology, maintenance and disaster risk
reduction technology, materials and
construction technology, and project
management technology.

Figure 3. Technology tree in supertall buildings. © KICT

forecast the realization time for each
technology. Each technology has been
studied and analyzed with consideration of
four major parameters which are the key for
future developments: strategic importance,
secured capacity, exclusive market and
economic impact.
These major parameters have been studied in
the following areas: level of technology in
2011 and 2015, technology growth curve
between 1990 to 2040, stage of development
of leading organizations and South Korea,
strategically, sustainability, market share,
exclusively, cost saving, time saving, safety and
maintenance.

Research Methodology
The technology development focused on two
levels:

Eleven sub-areas were identified in the Level 2
and 23 research projects in the Level 3 (see
Figure 3). Based on this technology tree, a
questionnaire asked experts to evaluate the
current level of these technologies compared
to the ultimate level of each technology.

a. “Perceptional technology level,” measuring
the level of certain technology based on an
expert’s experience and knowledge,
b. “Ultimate level,” the highest level (100%) of
technology that can be ideally reached by
research and development efforts.

The study measured the comparative level of
technologies of supertall buildings and

The survey techniques for measuring
technology development perception level are
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broken down into several types in
consideration of technology life cycles and
time periods. In the past, irrespective of the
technology life cycle, the gaps with top
technology leader nations or organizations
was determined in terms of percentage.
However, these days, dynamic profiles of
changing technology development levels are
better determined on the basis of five stages
of a technology growth curve, including
introduction, growth, expansion, maturation
and decline. Such survey techniques are also
used to determine the number of years
required for reaching an ultimate upper limit,
measuring the rate of technology evolution in
Korea and other leading economies. The
technology growth curve is known as an
S-shape curve of technology development
based on an assumption which has a dynamic
life-cycle. The many measurable development
stages are as follows (see Figure 4):
 Introduction: introduction of an idea
 Growth: being developed from its
introduction
 Expansion: rapid development and being
expanded
 Maturity: applying superiority and diversity
of developed technology
 Decline: declining the superiority of
technology and falling in its market value
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The study was implemented using the Delphi
Method, a systematic forecasting process
based on a panel of experts. The Delphi
method relies on a structured group of
individuals to forecast a common trend. This is
sometimes referred to as “collective intelligence.” Traditionally the Delphi method has
aimed at a consensus of the most probable
future by iteration (Linstone & Turoff 1975).
For the purposes of the study it was decided
the comparison would be between South
Korea and a series of leading countries or
organizations advanced in their construction
techniques, including the United States,
United Kingdom, France, Canada and Japan.
Then two separate survey groups were
developed, consisting of multidisciplinary
experts from both the professional sector and
academia, representing South Korea and
international. These experts then gave their
opinions on the measurement and realization
time of key technologies in tall buildings in
their areas of expertise.
An online questionnaire was designed to
focus on problems, opportunities, solutions,
benefits and forecasts. Each subsequent
questionnaire was developed based on the
results of the previous questionnaire. The
process was stopped when the research
question was answered: for example, when
consensus was reached, theoretical saturation
was achieved or when sufficient information
had been exchanged.

The online questionnaire divided the major
questions into two areas: measurement of
technology level and core technology
assessment criteria in 23 topic areas of the
technology tree.
Of the major respondents 75% were from
architecture, engineering and construction
firms and 25% from universities and research
institutions.

Assessment and Analysis of Results
The initial questionnaire was answered and
returned by a panel of experts on subjects in
the construction industries. The data was
evaluated using Dynamic Technology Level
Analysis that enables the calculation of
present and future levels of each technology
presented by the KICT. This analysis facilitates
the work of researchers by estimating the
development tendencies of each of the
technologies, and determining any possible
gaps between Korea and other advanced
countries.
The analysis focused on the following key
areas:
 Core technology assessment criteria. The
expert’s opinion and perception of the
potential value and benefit of the research
being carried out.
 Strategic Importance. Strategic necessities
that should be considered in order to have
market access and
securing
competitiveness. This
area included the
generic technology/
connectivity,
evaluating whether it
is a core technology
that can be used for
development or
application of other
technology; and also
has high connectivity
to other technology.
The evaluation also
considered green and
energy efficiency:

Figure 4. South Korea technology growth curve compares to other developed
countries. © Authors
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whether it is a technology that can have a
strategic dominant position with respect to
CO2 reduction and energy saving.
 Secured Capacity. A technology that has
been developed which provides
foundations to develop core technologies
and applications to commercialization.
 Exclusive Market. A technology that can
secure exclusive market(s) in the world with
its originality and creativity after
development.
 Economic Impact. A high value added
technology with respect to reduction of
duration, cost saving, market value and
maintenance effect.
From the reviews given by experts, in 2011
South Korea is in the low and middle level of
technology development, but it will improve
to middle level on most technologies by 2015.
Figure 5 shows key technologies and the
experts’ predictions on their tendency.
The analysis of the study shows that BIM
application in South Korea has a very high
strategic importance and economic impact.
BIM applications also experience an exclusive
market which allows it to have a high
projection in the future. South Korea’s
expertise in science and technology have
grown steadily since the 1980s, as the
country’s rapid economic development has
demanded more advanced and dynamic
research and development activities. Over the
next five years there will be substantial
development of BIM technology on all
building systems as BIM provides more
intelligence and more interoperability
between systems and design. Any research
and development in this field may have other
unexpected benefits.
Economic impact is observed to be
significantly high in the vertical transportation
technology. This technology achieved high
marks in strategic importance, secured
capacity and exclusive market categories.
When evaluating the technologies by
strategic importance, the most significant are:
renewable energy, control technology and
urban planning. However, none of these
technologies approach high economic
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Figure 5. Perceptional level of core technologies in South Korea, 2011–2015. © Authors

impact. On the other hand, technologies such
as computerization of design, renewable
energy and wind-induces project an exclusive
market in the future. The study suggests low
strategic importance and economic impact
projections for both progressive collapse and
explosive terror.
The same strategic impact importance can be
given to high-strength steel, super concrete,
composite structure, sensor network
management, power grid and gridable
building power. At the same time, none of the
technologies with very high strategic
importance showed a high projection in
economic impact. However, technologies
such as intelligence maintenance, sensor
network management, power grid and
gridable building power scored as high as
exclusive markets. The analysis of the study
also predicts a very low strategic importance
and economic impact for safety in evacuation
and accurate construction technology.
The results of the South Korea perception
levels show that three technologies –
integration project management tech, super
concrete tech and high-strength steel – will
move from middle level to high level in four
years, while minimum growth will affect
vertical transportation. Also, target
improvement will be seen in gridable building
power technology and BIM application
technologies. The technologies with the least
projected improvement are vertical
transportation and intelligent technology;
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Figure 6. Perceptional level of core technologies in developed countries. © Authors

however, they are both in the high
importance range (see Figure 5).
The results for advanced countries are very
different. The technologies with target
improvements are: sensor network
management and power grid, although they
still fall in the middle category of importance.
Super concrete, high-strength steel and
vertical transportation have the highest
projected importance by 2015 (see Figure 6).
This analysis found medium to small gaps
between other countries and South Korea in
all 23 technologies. This difference becomes
most evident in technologies such as
wind-induced vibration control technology,
prevention technology of progressive collapse
and in fire-proof performance securement
technology, where Korea falls behind
significantly. The gap becomes less pronounced in areas such as high-strength
steel-concrete composite structure, accurate
construction technology for compensation of
lateral movement and intelligent maintenance technology, where the difference
between the countries is almost zero.

Conclusion
The results of this research indicate that there
will be substantial development in several
technologies including; BIM on all buildings
systems and designs; ubiquitous sensing
technology in a sustainable and efficient way;

sensor network and energy management
systems; and smart grid technology with real
time monitoring in the future of supertall
buildings.
This study can be used as a model for
technology development in developing
countries. For such research, a ten-year period
is suggested to assess development which
may show a significant improvement
between investment and outcomes. This
model research is important in measuring
existing levels of technology and determining
the realization time required to achieve the
ultimate level. These studies would help the
industry better understand what technologies
are worthy of investment and the level of local
and international benefits. 
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