gl

Shanghai Tower:
g B\

Editors (4% %): Antony Wood, Jianping Gu (Jifl Z ) & Daniel Safarik

CTBUH “In Detail” Series
CTBUH “FE N\ ffiz" % 7

In Detail




%/, :
%, Council ILLINOIS INSTITUTEi
y/§ O Buldings OF TECHNOLOGY
==l

S===== Urhan Habitat

Bibliographic Reference:

Wood, A, Jianping Gu & Safarik, D. (eds.) (2014) The Shanghai Tower: In Detail. A publication in the CTBUH “In Detail” Series.
Addendum to the Proceedings of the CTBUH 2014 Shanghai Conference, China, 16-19 September 2014. Council on Tall
Buildings and Urban Habitat: Chicago.

Editors: Antony Wood, Jianping Gu & Daniel Safarik
Layout, Coordination & Design: Steven Henry, Kristen Dobbins & Marty Carver

First published 2014 by the Council on Tall Buildings and Urban Habitat in conjunction with the College of Architecture and
Urban Planning at Tongji University, Shanghai, and the College of Architecture at the lllinois Institute of Technology, Chicago.

© 2014 Council on Tall Buildings and Urban Habitat
Printed and bound in China by Shanghai Zero Ad. Co., Ltd.

All rights reserved. No part of this book may be reprinted or reproduced or utilized in any form or by any electronic,
mechanical, or other means, now known or hereafter invented, including photocopying and recording, or in any information
storage or retrieval system, without permission in writing from the publishers.

Trademark notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation without intent to infringe.

ISBN13 978-0-939493-40-1

This publication was produced in conjunction with the CTBUH 2014 Shanghai Conference, Future Cities: Towards
Sustainable Vertical Urbanism, as an additional supplement to the Main Proceedings book (ISBN 978-0-939493-38-8). A
digital PDF of “Shanghai Tower: In Detail” is included on the DVD that is part of that proceeding, which can be obtained
at: http://store.ctbuh.org

%% X

Wood, A, Bl 7 & Safarik, D. (eds) (2014) § Lg% FAMEY o CTBUH“ BN R T H M2 —. & XCTBUH 2014
£ FEERAVNSXENHE (AN TF2014459A16HE190HEFEEF) . HAFHEEASHTAEFACTBUH): Zin
.

%4 Antony Wood, il F & Daniel Safarik
SR ¥ 8 5 i it Steven Henry, Kristen Dobbins & Marty Carver

0145 HEFHERAERTAEE S, AFAX¥AALSRTANFEENEFETAFRAFRYRRKAEMK.
© 20141 7 % & H AL A& ¥ 2(CTBUH)
o b2 £ IRA B8 B ERERT

REFARHN . REERELEHFT, TRRAALHEAHNIRTEN, ANREATEARX, RGETRTF. Al
RELERE, HNEARZ AN, HABRTEN, DRAEAELEFERRR R4,

BRFREFN: FREATEFTERARREM AR, BRATAREFENEHNGUHH.
ISBN13 978-0-939493-40-1

S WY R R R R R I T R E B IR T = X YCTBUH 20144 L &M —#4, BN B XE(SBN
978-0-939493-38-8)y AP FE. XA (LW WAMEIE) MPOFE FA BPORFAE T X EMFWOVDE, WTUKN LMY
3E: http://store.ctbuh.org

Council on Tall Buildings and Urban Habitat
R & EREALHTAEFELSCTBUH)

SR. Crown Hall

lllinois Institute of Technology
3360 South State Street

Chicago, IL 60616

Phone (#.3%): +1 (312) 567-3487
Fax (£ 2): +1 (312) 567-3820
Email (¥ F 4 #4): info@ctbuh.org
http//www.ctbuh.org

Front Cover: Shanghai Tower, Shanghai, China. © Gensler
#HiE: LEFOAE, FELE OGensler



Contents | H

Aboutthe CTBUH | R & EEH 54T A B ¥ & (CTBUH) H /-
About the Editors | %% & /)~

1.0 Introduction | ##

2.0 Architecture and Design | 5 1% it
2.1 The Parametric Design of Shanghai Tower’s Form and Facade
LiEF oK BER G E S AR
2.2 Making the World's Greenest Tall Building
TEARFRESHE EER
3.0 Structural Engineering and Enclosure | % # T72 5 &7 444

3.1 Unique Structural Design Aspects
R B 45 AR At

3.2 AReview of the Structural Performance Monitoring Project
TRZMEAS ENTE £ 5 E

3.3 Curtain-Wall System Design
IR mRA

3.4 The Payoff for Investing in the Human Experience
B PRI 5 E 4R

4.0 Environmental Controls and Safety | ¥R %5 #| 5 4 4% &

4.1 Introduction of MEP Technologies
AL B, K S B A

4.2 Application of Performance-Based Fire Safety Design
M REALIE K AR T Y Rr A
5.0 Technology and Management | # & 5 % 3%

5.1 The Making of a Vertical Intelligent Community Through Information Systems

ARHEEMRRATEELNEEMLR

5.2 Practical Application of BIM Technology
BIM A B 52 BF 52 ]

5.3 Construction Technology and Management Innovation
TR THEAFE B AH

5.4 The Construction Supervision Process

e TR W EE T A

5.5 Property Management: Moving Towards Sustainable Vertical Urbanism
Ml B A A R R R E T E X

6.0 References | 5% i B

6.1 About the Contributors | 13 & /-

6.2 CTBUH Height Criteria | CTBUHE & iF #| 47

6.3 100 Tallest Buildings in the World | 1 5% /& #9100 & 2 5%

6.4 CTBUH Organization & Members | CTBUHZH 4R 45 4 fn & 51 4% 7

12

22

32

40

50

60

74

84

92

98

104

112

118

128
133
137
142



Introduction
3k

Shanghai Tower & % /&
Shanghai, China # [& L&

The Shanghai Tower is one of the most ambitious skyscraper projects ever undertaken on the
planet, let alone in China. While the distant silhouette and the proximate detail of the tower
will be immediately distinctive, the purpose of the building is not simply to be seen as an
iconic landmark; it is much more than that. Because it incorporates many advanced techniques,
it will be a learning laboratory for the next generation of skyscraper designers. Shanghai

Tower provides a vision of vertically-integrated space through a double facade that contains
numerous sky gardens, filled with vegetation and the potential for socializing. It provides relief
from the isolative nature of tall buildings without requiring descent to the ground.

The statistics around the tower are formidable. Upon opening in 2015, at 632 meters it will be
the tallest building in China, the second-tallest in the world, and one of only three “megatall”
buildings of 600 meters or greater height in the world. Its sinuous double-skin facade and
14-story atria set into nine zones will redefine the experience of being in a tall building. To
support its mass, contractors poured 61,000 cubic meters of concrete in 60 hours — and that
was just the foundation.

From the outset, the ambition behind the project was to make it one of the world’s greenest
and best-performing tall buildings, including a stringent requirement that the building support
an energy saving rate of 54 percent over the Chinese Efficiency Standard, and that investments
in green technology pay back in seven to 10 years. Passive solutions included the glass curtain
wall's curvature, which reduced wind load by 24%, offered low reflectivity and, with louvers, a
high shading coefficient. Active solutions include a combined cooling and heating power (CHP)
system, and grey- and rainwater recycling.

To ensure that these investments continued to pay off, a Central Energy Management Control
System was deployed, to perform air conditioning load forecasting and management, regulate
the operation of the CHP system, heat pump and ice storage systems.

Further, the use of advanced digital technology continues into the operations phase, as data
collection for optimization is vital. The BIM system developed for design and construction will
continue to be used as part of a Property Asset Operations Platform (PAOP), comprising BIM,
Facilities Management (FM) and Intelligent Building Management System (IBMS) technologies.
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Right: Overall view of the nearly completed Shanghai
Tower (Source: Gensler)
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The Parametric Design of Shanghai Tower’s Form

and Facade
tEFQABER AT EHSR MR

Jun Xia (E %) & Michael Peng (¥ R)), Gensler

The Shanghai Tower was only made possible by using innovative design ideas, integrated technology, and advanced tools. This paper is
centered around the project as a case study on the parametric design platform utilized by the design team to bring this iconic tower to
construction. The design process revolved around the use of a series of parametric software programs. These programs allowed the design
team to manipulate and refine the project's complex geometry iteratively. The parametric platform played a pivotal role in assisting the team to
define the tower’s unique and environmentally responsive high-performance form, facade, and supporting structure.
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Introduction

Shanghai Tower is currently in advanced construction, en route to becoming the largest and
tallest double-skin fagade structure in the world, and one of the most sustainably advanced.

As the last of three supertall towers, and the only megatall tower, of Shanghai’s Lujiazui central
business district, adjacent to SOM's Jin Mao Tower and KPF's Shanghai World Financial Center
(see Figure 2.1), Shanghai Tower will redefine the identity of the city and the world's perceptions
of China. Its originative architectural, structural, and MEP design, as well as its innovative design
process, exemplify the future of high-rise construction.

The form of the 128-story building is a triangular column that twists and tapers as it rises 2,073
feet (632 meters). The curved corners of the triangle act to minimize wind loads and create

21 atria between the inner and outer curtain walls. A notch running up one corner adds to
the aesthetics and sustainability of the design. Nine zones, 12 to 15 floors each, are stacked

to create smaller neighborhoods within the supertall tower. The resulting unique, complex,
and environmentally-responsive form helped win the international competition for its design
in 2008. It also called for an inventive approach to bring it from paper to reality—it called for
innovative use of parametric design.

The team for Shanghai Tower chose to use a parametric design process for several reasons.
Constructing a complex building shape that had never before been conceived required the
most innovative tools. Parametric design platforms allow for highly accurate results and good
correlation between a model and its built form. They are very flexible and adaptive, offering
instant feedback to changing variables. These nonlinear adjustment tools give architects the
ability to effect multiple changes simultaneously. This allows designers to better understand
iterative massing studies while observing the relative impact to the overall performance of
the systems involved.

Another important reason for the use of parametric design was its assistance in creating
Shanghai Tower as a sustainable building. This can be seen in the example of parametrically
incorporating wind load data on the building. The location of Shanghai Tower and its proximity
to two other supertall buildings means that these loads can have substantial impact. To address
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Figure 2.1. Site Plan. (Source: Gensler)
E2.1. % F @ E (RIE: Gensler)

these loads, the design team developed a
series of models in a parametric program.
Rotation in the models ranged from 90° to
180°. They sent these to Rowan, Williams,
Davies & Irwin (RWDI), a wind engineering
consultant firm, which tested the series in
a wind tunnel with 1/500 physical models.
The researchers found that increasing the
rotation reduced the wind load on the
facade and superstructure, and suggested
an option that manifested a reduction

of 24% compared to a rectangular form

of the same height; this in turn reduced
the amount of material of the structural
system. Then, the design team generated a
detailed model incorporating wind-tunnel
data back into a parametric program. The
result was made into a 1:85 scale physical
model that was then tested in a large-scale
wind tunnel. The model was set within the
context of its supertall neighbors as wind
loads on buildings in realistic environments
surrounded by neighboring buildings may
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The Shanghai Tower is one of the most
ambitious skyscraper projects ever undertaken
on the planet, let alone in China. While the
distant silhouette and the proximate detail of
the tower will be immediately distinctive, the
purpose of the building is not simply to be seen
as an iconic landmark; it is much more than
that. Because it incorporates many advanced
techniques, it will be a learning laboratory for
the next generation of skyscraper designers.
Shanghai Tower provides a vision of vertically-
integrated space through a double fagade that
contains numerous sky gardens, filled with
vegetation and the potential for socializing.

It provides relief from the isolative nature of
tall buildings without requiring descent to the
ground.

The CTBUH “In Detail” series provides an in-
depth, full-color exploration of some of the
most important tall buildings in the world,
drawing from the multi-disciplinary expertise
of the practitioners directly involved in
bringing these buildings to life.
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