N on
E%’
~

= U

Illl\\\\\\k\K\\.\\x

|-‘

Title:

Authors:

Subjects:

Keywords:

Publication Date:

Original Publication:

Paper Type:

-~ CTBUH
2= Research Paper

A New Demolition System for High-Rise Buildings

Makoto Kayashima, Taisei Corporation
Yozo Shinozaki, Taisei Corporation
Takenobu Koga, Taisei Corporation
Hideki Ichihara, Taisei Corporation

Construction
Sustainability/Green/Energy

Cost
Demolition
Life Safety
Structure

2012
CTBUH 2012 9th World Congress, Shanghai

Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k whN =

ctbuh.org/papers

© Council on Tall Buildings and Urban Habitat / Makoto Kayashima; Yozo Shinozaki; Takenobu Koga;

Hideki Ichihara


http://ctbuh.org/papers

A New Demolition System for High-Rise Buildings

wOH B R R AR RS

Makoto Kayashima Yozo Shinozaki

Takenobu Koga Hideki Ichihara

Makoto Kayashima, Yozo Shinozaki, Takenobu Koga
& Hideki Ichihara

TAISEI Corporation
1-25-1, Nishi-shinjuku
Shinjuku-ku, Tokyo Met. 163-0606, Japan

344-1, Nase-cho
Yokohama City Totsuka-ku,
Kanagawa Pref. 245-0051,Japan

tel (H.3%):+81-3-5381-5218, +81-45-814-7258

fax (£ £): +81-3-3345-0737, +81-45-814-7255

email (. F #f 44): kayasima@arch.taisei.co.jp; sinozaki@
arch.taisei.co.jp; koga@pub.taisei.co.jp; hideki.
ichihara@sakura.taisei.co.jp

http://www.taisei.co.jp

Makoto Kayashima graduated from Yokohama
National University graduate school in 1993. His
main fields of expertise are the structural design and
development of new technologies.

Makoto KayashimaZt A4 19934 5 F 4% &% [E o1 A %
R R M EE L KGURAE LRI FH AR
AR

Yozo Shinozaki graduated from the Tokyo Institute of
Technology graduate school in 1985. He is currently
the Principal Engineer of Taisei’s Design Department.
One of the major projects that Mr.Yozo has been
involved with is the Yoyogi Seminar tower OBELISK.

Yozo Shinozaki 4t 4 19854 5k F R % Lok A%
HRAER, hEEEARERRITHNEET
B, 50— N EEIRRRRAFITLE
OBELISK.

Takenobu Koga graduated from Waseda University
graduate school in 1994. His main fields of expertise
are the design of steel structures and structural
analysis.

Takenobu Koga4t 4 19944 5\ F 2 75 B K 2 #F 57 4
e, ot ELKIMEMEITFEH L.
Hideki Ichihara graduated from Nihon University in

1986. He was one of the key personnel developing and
implementing Taisei’s TECOREP system.

Hideki Ichiharast 419864 %\ F HAARY, 2
A R FE VL HYTECOREP 7 4t By £ B4t & # A LBk #

Abstract

The TECOREP system (Taisei Ecological Reproduction System) was developed as a new
environmental load-reducing demolition system for ultra-high-rise buildings. The reasons for
developing this new method were: Pursuit of security and safety, Consideration for the global
environment and Reduction of work period and cost. In the TECOREP system, dismantling
work is done in the enclosed space which is formed by the existing roof. The TECOREP system
works top-to-bottom, floor-by-floor as the demolition work proceeds. The TECOREP system was
used to demolish a high-rise officebuilding with a height of 105 meters in Tokyo. The following
advantages were observed: contribution to the recycling-based society, providing comfort and
safety to the neighbors, and reduction of overall project cost. This paper discusses the TECOREP

system and the experience gained from the recent projects.
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Introduction

In recent years, the number of demolitions of
high-rise buildings has been growing; in some
cases, buildings over 100 meters high are
being demolished. With traditional demolition
methods, temporary scaffolding and sound-
proof panels are set up around the outer
perimeter of the building. In this method the
top part of the building remains uncovered
while the crawler cranes and other heavy
machinery, placed next to the building, are
used to tear down the building (see Figure 1).

Leaving the top of the building uncovered
during the demolition work raises concerns
about a potential increase in unworkable
days due to weather, the scattering of dust
particles in wide areas, risk of falling debris,
and problems due to construction noise and
vibration. Furthermore, if the building is over
100 meters high, the wind at that height will
be about two times stronger than the wind
at ground level, even in normal weather. This
situation not only results in more hazardous
setup and extra time for removal, and
replacement of temporary materials, such

as scaffolding and sound-proof panels, but
also it is more expensive to establish safety
measures. As construction is carried out over
long periods, it is essential to ensure the
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security and safety of the neighboring people. The TECOREP system
was developed to focus on safety, consideration for environment and
efficiency.

Overview Of The Tecorep System

The TECOREP system utilizes the top floor structure of the existing
building, creating a “capping'The entire demolition work is completed
inside the building. Following the removal of interior finishing and
service equipment, the capping is built before dismantling the
structure. The removal and disassembly of materials in the capped
section are planned. The TECOREP system works top-to-bottom,
floor-by-floor as the demolition work proceeds. The capped section
moves down safely and promptly after one floor is dismantled, using
the automatic descent device built into the temporary columns
supporting the entire system. In addition, the TECOREP system has
power generator functionality on the vertical carrier system for
unloading, aimed at saving energy and the reduction of CO2 emissions.

Structural Overview

In order to build an enclosed space for the demolition work at the

top part of the building, the steel beam and the floor concrete slab

at the roof level of the existing building are used as a protective roof,
and new suspended protective scaffolding is set up as a surrounding
wall. The columns of the building those are not necessary for the
TECOREP system will be cut off and replaced with temporary columns
with an up-and-down feature used to support the entire weight of

the TECOREP system. The temporary columns will penetrate down to
three floors below the floor being dismantled. By securing the columns
with horizontal holding fixtures (guide frames) at each floor level, the
columns can sustain external forces such as earthquake load and wind
load. The temporary columns will be supported by temporary beams
(BEAM“B") which are set up at 45 degrees angles on the existing beams
two floors below the floor being dismantled. By this scheme, the
weight of the TECOREP system is transferred to the structural frame of
the existing building. At the time of jack-down, when the entire system
is lowered, the weight of the TECOREP system will be temporarily
supported by BEAM “A” Each structural element can be used on the
next project with simple processing (see Figure 2).

Scheme For The Temporary Column

Each temporary column is built using two steel pillars. In order to

add an up-and-down hoisting feature, a jack is built into the column.
The steel pillars are designed to allow the switchover to occur
between the H-shaped steel and the square pipe steel, according to
the height position. During the dismantling work, the jack is stored

at an H-shaped steel position to avoid becoming an obstacle. The
structurally significant parts make up the square pipe steel to enhance
rigidity and intensity. The temporary column is bolted onto the existing
steel frame at the top and its adjacent point and the lower half of the
column penetrates through the pre-set slab opening. The temporary
column transfers the weight of the TECOREP system to the existing
frame through BEAM "B, which is bolted together at the intermediate
position of its lower section (see Figure 3).

Scheme For The Outer Suspended Protective Scaffold

The outer suspended protective scaffolding covers four sides of the
building, creating an exterior wall for the enclosed space which also
can be used as scaffold for dismantling the structure and inspection
works. The post pipes (p-42.6x2.4) of the scaffolding are fixed on the
temporary cantilever beams at the roof of the existing building. By
suspending the scaffolding from the roof structure, the scaffolding and
roof structure can be jacked down together as an integrated system.

Figure 1. Traditional demolition method (source:TAISEI Corp.)
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Figure 2. TECOREP system ( section ) (source:TAISEI Corp.)
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Figure 3. Scheme for the temporary column, beam A, beam B and guide frame
(source:TAISEI Corp.)
E3. lEErAET, A, EBMEEAERRIT (HE: ARER

The diagonal bracing members and wall bracing members are used
to resist the wind load and are connected to the existing building. The
vertical and horizontal braces are arranged in appropriate locations
for enhancing rigidity and they are tied with safety wires, so that they
will not fall down even in an emergency. The safety of each building
component has been verified by prior strength tests.

Scheme For Beams "A” And "B”

BEAM“A"is connected to a jack located directly above, and it can move
up and down through the temporary column. While the dismantling
work is proceeding, it is retracted into the upper part of the temporary
column along with the jack to avoid becoming an obstacle. After one
floor is dismantled, BEAM “A”"is lowered to the next floor which is to

be dismantled for a jack-down. BEAM “A” supports the weight of the
TECOREP system through a jack for a few hours during the jack-down.

BEAM“B"is bolted onto the temporary column. Immediately after
jack-down starts and the weight of the TECOREP system is shifted to
BEAM A" by folding both end parts to go through the underlying slab
opening, BEAM “B" descends together with the temporary column. Just
before the end of a jack-down, BEAM “B” unfolds both end parts and
lands to uphold the weight. By changing the joint level of BEAM “B"to

the temporary column, the scheme can be adapted to the various floor

heights of the existing building (see Figure 3).

Scheme For Guide Frame

The guide frame is a device to sustain a horizontal reaction force from
the temporary columns at each floor level of the existing building.
The guide frame also serves as a guide for the temporary columns to
descend smoothly during a jack-down. The guide frames are relocated
sequentially as the demolition work proceeds to the lower levels.

Application To Tokyo Office Building
Overview Of The Building

The office building targeted for the demolition system was a 105-meter

high steel structure with 24-stories, and a 1-story rooftop shack. The
building had an area of 1,750 square meters with approximately 70
meters on the long side and approximately 25 meters on the short
side. The exterior wall was built with natural stone-clad curtain walls
(see Figure 4).

Execution Plan
The protective scaffolding at the perimeter was built up with 12
stages and set up from the top to two floors below the floor which
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Figure 4. An office building in Tokyo (source:TAISEI Corp.)
E4. HTRRE—HANAE CRIR: ARER)

Figure 5. General temporary work scheme (source:TAISEI Corp.)
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was being demolished. The scaffolding was sustained horizontally by
connecting it to the exterior wall using a vertically sliding connecter.
The 12 temporary steel columns were set up at the perimeter of

the capped section to uphold the TECOREP system. The temporary
columns were used to sustain the entire capped section, but they were
also capable of descending by one floor height automatically after a
typical floor was dismantled. A step-rod-type hydraulic jack was used
for the descending system. The horizontal and vertical conveyance was
performed by the ceiling traveling crane and telfer that were set up

on the roof structure. There were two openings inside the building for
unloading dismantled materials (see Figure 5).

Steps For Setting Up The Tecorep System

In order to construct the TECOREP system, it was first determined
what area on the roof would be needed and prescribed advanced
demolition work was performed (see Figure 6 step 1). Then, the
temporary crane for the assemblies was set up on the steel structure of
the roof, with each unit of the outer protective scaffolding lifted by the
crane and connected to the steel structure of the roof, and temporary
columns were set up by the crane to hold up the entire weight of the
TECOREP system. Each added component, such as the scaffolding

or temporary columns, were connected to the existing frame by

bolts (see Figure 6 step 2). With this, the installation of temporary
materials required for TECOREP was complete. Next, the top floor was
demolished in advance to make space for demolition work used by
the TECOREP system. By shifting the weight of the TECOREP system
from the existing columns to the temporary columns, the setup of the
TECOREP system was complete (See Figure 6 step3). Subsequently, the
floor covered by the TECOREP system was dismantled, and jack down
performed (see Figure 6 step 4, 5).The same steps were repeated for
dismantling (see Figure 6 step 6).

Verification Of Safety

The safety of the TECOREP system in combination with the existing
building was analyzed, using the same criteria for evaluating Japanese
skyscraper projects in case of small-to-midsized earthquakes (level 5 on
the Japanese scale). The elastic range was evaluated in case of large-
scale earthquakes (level 7 on the Japanese scale) and it was confirmed
that the system would not fall over the duration of demolition work.

The measure against a typhoon (wind speed over 34 m/s) was
anticipated by adding a temporary bracing element steel pipe,
according to the size of the typhoon.

Advantages Of The System

Advantage In Locations Where There Are Many Restrictions
There was limited open space within the Tokyo building’s site. The

site was also surrounded by buildings as tall or taller, and the building
was built to the utmost limit of the site boundary. In addition, there
was only so much space available for unloading dismantled materials
using the cranes, as new building construction work was proceeding
concurrently with the demolition work. With the TECOREP system, the
demolition work, as well as unloading of dismantled materials, was
done in a capped section formed at the top of the building. The system
effectively allowed work to proceed without any delay in construction
schedule, despite the many location restrictions (see Figure 7).

Advantages Of Conducting Demolition Work Within The Enclosed
Space

Various advantages in using the TECOREP system were confirmed

in the project, as the entire demolition work was done by enclosing
the top and sides of the floor being demolished. From the start of

Figure 6. Steps for setting up the TECOREP system (source:TAISEI Corp.)
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Figure 7. Work proceeding situation (source:TAISEI Corp.)
E7. TR REL CRIE: KARAER)

the demolition work of typical floors, the project experienced no
unworkable days due to bad weather .and the work operability of
the typical floor demolition was almost 100%. The project managers
provisioned for more than a 10% delay in construction work,
considering the labor for preparation and removal of measures against
bad weather; however, the work proceeded without any delay. By
sealing off the work area, the new system significantly reduced the
noise level and dust scattering, which were the major concerns of
traditional demolition methods. According to the sound pressure
level comparison measurement, the construction noise was reduced
by 20dB. Both outside air quality and indoor air quality in the working
space were kept normal by 10 times of air change count with a
removal filter of pushpull ventilation facilities. These performances
were not possible with the traditional method, and the new method
demonstrated substantial cost effectiveness (see Figure 8).

Reduction Of Temporary Materials

The roof structure and partial slab were used to create a capped
section. The utilization of the existing roof structure led to a significant
reduction of temporary steel materials otherwise needed to form the
roof of the capping. Moreover, with the traditional demolition method,
temporary scaffolding was built to cover the entire exterior of the
building. With the TECOREP system, on the other hand, by setting

up scaffolding only near the floors being demolished, the volume of
temporary materials was greatly reduced. This also enabled the project
managers to carry out the demolition work without creating conflicts
with neighbors (see Figure 9).

Figure 8. Reduced the noise level (source: TAISEI Corp.)
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Figure 9. The utilization of the existing roof structure (source:TAISEI Corp.)
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Figure 10. Safety and automatically jack-down system (source:TAISEI Corp.)
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Safety Assurance And Reduction Of Labor

By jacking-down after each floor was dismantled, the TECOREP system
automatically lowered the capped section for dismantling work to the
lower floor. The jack-down of the TECOREP system was repeated every
3.925 meters (floor height) for the office building, and the time it took
to descend one floor was about two hours. The project demonstrated
that the jack-down can be completed in approximately three hours,
including the preliminary setup. It is difficult to make comparisons on a

like-for-like basis; however, if any suspended temporary scaffolding was

moved by dismantling in units, it was assumed to take approximately
one day. Taking the setup of safety measures into consideration, the
period of construction was reduced about one month (12 months to
11 months), with the subsequent cost reduction(see Figure 10).

Reduction In Power Usage During Construction

The vertical transport system (telfer) was built with a regenerative
brake system. In this project, the electricity saved on each up and
down trip was measured by using various weight conditions. The
heavier a weight, the production of electricity increases. It was found
that approximately 2,000KJ of electricity was generated by this system
at the general weight (4 tons), and that approximately 5,100KJ of
electricity was generated at the maximum weight (8 tons). On the
other hand, 4,800K]J of electricity was consumed without this system
(see Figure 11).

Conclusion

A new demolition system for high-rise buildings was developed and
used for the first time in the demolition of an office building in Tokyo.
From the point of view of security and safety, demolition work in

an enclosed space brought numerous benefits. With the traditional
demolition method, the building is gradually destroyed as demolition
work proceeds; however, with the TECOREP system, the height of the
building lowered slowly with the progress of the demolition work, and
it does not, in any way, look like demolition work is going on inside
the building. Moreover, closing off the work area not only shortens
the work period by reducing the number of unworkable days due to
weather, but also significantly reduces the generation of noise and
the scattering of dust particles. The safely shifting down of capped
sections can work effectively in demolitions of buildings taller than 200
meters, using the automatic descending mechanism. Technological
development aimed at application to various structure types and
further enhancing efficiency will be promoted.

Figure 11.The power generation at various loads (source:TAISEI Corp.)
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